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Costs and benefits of carbon dioxide 


Tne release of carbon dioxide to the atmosphere by the 
burning of fossil fuels is, conceivably, the most import- 
ant environmental issue in the world today. Whatever 
direction global energy policies take in the future, it is 
indisputable that carbon dioxide concentrations in the 
atmosphere will continue to rise. There is still un- 
certainty about the ultimate destination of carbon 
dioxide. It seems that roughly half the fossil fuel out- 
put has remained in the atmosphere, and early workers 
supposed that the remainder was consumed by the 
oceans and the biosphere. But the role of the biosphere 
is now a matter of hot debate. Some research has sug- 
gested that far from being a sink for carbon dioxide, 
the biosphere (through deforestation and changing land 
use) could actually be a source. Other work suggests the 
contrary, or that the role of the biosphere has actually 
changed with time. But it is inescapable that atmos- 
pheric concentrations have already climbed by 15% as 
a result of man’s activities during this century and 
there seems little doubt that concentrations would be 
double present values around the middle of the next 
century if current growth rates for the use of fossil 
fuels (over 4% per annum) were to persist. This is 
unlikely, of course, given the depletion of energy re- 
sources, but at least the figure gives some sort of guide 
for realistic modelling. 

Whatever the uncertainties about future emissions 
and the biosphere, there is no disagreement amongst 
researchers on the qualitative impact that an increase 
in carbon dioxide will have on climate: mean annual 
surface temperature will rise, and the rises will be 
greater at high latitudes. There is also consensus that 
the hydrological cycle would become more active—with 
precipitation and evaporation levels both rising. Beyond 
this there is still scope for quantitative disagreement, 
but a commonly quoted figure is that a doubling of 


atmospheric carbon dioxide would result in a world ` 


global annual mean surface temperature rise of 2 to 
3 °C, with marked latitudinal asymmetry. As yet, how- 
ever, no model adequately accounts for changes in the 
ice-covered regions of the world or in the hydrosphere 
(particularly ocean currents), and there is considerable 
room for disagreement regarding the importance of 
feedback effects arising from changes in cloud cover. 
With so much uncertainty around, is it irresponsible 


and premature to widen the debate at this stage from 
meteorologists and climatologists to those with interests 
in the consequences of climatic change—agriculturalists, 
glaciologists, oceanographers, economists, sociologists, 
political scientists and so on? Surely not, provided that 
sensible perspectives are maintained. A recent workshop 
jointly sponsored by the American Association for the 
Advancement of Science and the US Department of 
Energy has been attempting to lay transdisciplinary 
foundations for a federally supported research pro- 
gramme on the impact of increasing atmospheric carbon 
dioxide content and it is not too early for other nations 
(or more reasonably groups of nations, such as the 
European Economic Community) to take similar initia- 
tives. Even if large amounts of money were not im- 
mediately forthcoming, there are still some links across 
the specialist boundaries which ought to be made now. 

In the long run the United Nations presumably has 
to get in on the act, and the United Nations Environ- 
mental Programme will shortly be setting up a carbon 
dioxide committee. At first sight scientists might despair 
at the thought of yet another area in which there will 
be politicised conflict between industrialised nations, 
large-scale releasers of carbon dioxide, and the develop- 
ing world, involuntary recipients of the consequences. 
But careful reading of what climatologists and meteor- 
logists have to say by way of prediction makes it clear 
that there could be as many benefits as losses as a result 
of temperature and rainfall changes—and that some 
parts of the world may even become cooler. 

There is no clear indication that the animal and plant 
kingdoms will as a whole prosper more or less in a 
changed climate. And there may be direct carbon 
dioxide effects, such as changes in the rates of photo- 
synthesis and respiration, increases in the efficiency of 
plant water use and changes in nitrogen fixation rates. 
To be sure, the most widely publicised effect of a sub- 
stantial global warming is the danger of the West 
Antarctic Ice Sheet breaking loose and melting, with 
highly predictable effects on sea level. But for the rest 
the picture is complex and by no means universally 
gloomy. The sooner some of the complexities are un- 
ravelled, the sooner the carbon dioxide problem can be 
intelligently injected into discussions of world energy 
strategies. a 
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President Carter aims to spend ‘windfall’ oil 
profits on energy research 


Presipent Carter last week asked 
members of the National Academy of 
Sciences to support his proposal that 
Congress create an Energy Security 
Fund, financed by a tax on the ‘wind- 
fall’ profits which the oil companies 
are expected to make following the 
de-control of oil prices. Such a fund 
could partly be used to double US 
investment in energy technology over 
the next few years. 

The President’s remarks were made 
during the course of an address to the 
annual meeting of the academy, the 
first to have been delivered to the 
assembled scientists since President 
John Kennedy spoke at a NAS meeting 
one month before his assassination. 
The Energy Security Fund, he said, 
which Administration officials estimate 
could involve collection from the oil 
companies of up to $7 billion a year, 
would be used not only to provide 
relief to those least able to pay for 
more costly energy, but also to finance 
projects, including both basic and 
applied research, important to the 
country’s energy future. 

“By the second quarter of the 21st 
century, we will have learned to rely 
on cleaner, essentially inexhaustible 
sources of energy. The principal 
candidates include, of course, fusion 
and solar technologies as photo- 
voltaics,” President Carter said. 

“We are preparing right now for 
these stages of our energy future. Our 
energy research and development is 
already larger in its programme size 
than those of all our allies combined. 
But we must do more.” 

The President had particularly harsh 
words for the oil industry, which is 
suggesting that the extra money it 


receives from increased oil prices 
should be used to finance its own 
energy development programmes, 
covering both exploration and re- 


search. He accused the companies of 
trying to ‘hoodwink’ the American 
people by passing a windfall profits tax 
that was in fact designed to provide the 
companies with loopholes through 
which they could increase their general 
revenues. 

“They will try to pass this charade 
off on the American people as a so- 
called ‘plough-back’ provision. But it 
is not a ‘plough back’—it is a ‘plough 
under’ and ‘kick back’. And what is 
going to be ploughed under is the 
Energy Security Fund with its aid td 
research and to the poor,” the 
President said. 

“I ask for your support in the battle 
to pass an honest windfall profits 
tax... and I also call on all of you 


0028--0836/79/0279-—-0002 $01.00 


in the scientific and engineering com- 
munity to fulfil the trust of the 
American people by creating the new 
energy technologies that are so vital 
to the future of our country.” 

Although many observers in Washing- 
ton feel that the President's idea of a 
windfall profits tax has a greater 
chance of succeeding in Congress than 
when it was first suggested last month, 
some have expressed doubts whether 
the amount of money that the Federal 
Government could collect in this way 
would in fact be as high as the Presi- 
dent has suggested. 

A report by Ralph Nader’s Tax 
Reform Research Group has said that 
the proposed tax would pick up “only 
$3-4 billion of the new revenues. 
ie, 20% rather than 50% of the in- 
creased revenues that the oil companies 
are expected to receive. 

However the chances of Congress 
accepting the idea have been increased 
by the large profit increases which the 
major oil companies have been re- 
porting for the first quarter of 1979. 
Texaco Inc., for example, reported an 
81% increase in profits over the same 


period last year, and Gulf Oil Cor- 


poration a 61% increase, A spokesman 
for the President said that these profit 
increases greatly strengthened the 
arguments for a windfall profits tax to 
be used for research and other 
purposes. 

In his speech to the academy, Presi- 
dent Carter also asked the scientists to 
support his attempts to have the new 
Strategic Arms Limitation Treaty 
(SALT ID, currently in the closing 
stages of negotiation with the Soviet 
Union, ratified by the US Senate. 

Of all the fruits of science none is 
more bitter than nuclear weapons. And 
of all the responsibilities of nations, 
none is more urgent than the control 
of this most terrible menace to our 


More US accidents in 


THERE has been a sharp rise in the 
numbers of accidents and deaths 
involving the transportation of 
hazardous materials such as liquefied 
natural gas, sodium  sulphydrate, 
anhydrous ammonia and chlorine, 
according to a report published last 
week in Washington by the research 
service of the Library of Congress, 
According to the report, there were 45 
deaths and 1,411 injuries involving the 
transport of hazardous materials in 
1978, compared to 32 deaths and 749 
injuries in 1977 and an average of 21 
deaths and 592 deaths over the previous 





lives and to our civilisation,” he said. 

Many of the issues involved in as- 
sessing the treaty were very complex 
technically, and the American people 
would look to the scientific community 
to help shape an educated public 
debate. “Many of you devoted much 
effort to the debate over SALT I, and 
you played a major role in forming 
the consensus that developed to support 
that treaty. Today I ask for a renewal 
of that commitment.” 

The President also referred to the 
increasing costs of major scientific 
experiments—in contrast to the 
Situation facing scientists such as 
Albert Einstein who required “‘ittle 
more than a few sharpened pencils and 
a quiet place to think’’-—and the choice 
that this posed between doing ex- 
periments on one’s own, or in co- 
operation with other countries. 

“We must continue to choose 
cooperation—for reasons that go 
beyond the considerable benefits of 
sharing costs and sharing ideas,” the 
President said. “With our traditional 
friends, scientific and technological 
cooperation can strengthen existing 
bonds. With others, who may not be 
so friendly, it can help to bridge 
political, ideological and cultural 
division.” David Dickson 


transporting chemicals 


period. The high accident rates in 1978 
had partly reflected two major 
incidents, the explosion of a tank-car 
in Waverly, Tennessee, which killed 15 
persons and injured 48 others, and the 
de-railment of a goods wagon in 
Youngstown, Florida, which resulted in 
eight deaths and injured 158. The 
report says that present federal inspec- 
tions may not be adequate, citing the 
fact that the Department of Trans- 
portation’s Material Transportation 
Bureau has only six full-time inspectors 
to cover 20,000 container supply firms 
and 100,000 shippers. G 
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Critics challenge dat: 


THE recent decision by the US 
Environmental Protection Agency to 
issue an emergency order banning the 
use of the herbicide 2,4,5-T has 
attracted strong criticism from its 
manufacturers, They are contesting the 
EPA’s decision in a Michigan district 
court, claiming that it is based on a 
“seriously flawed study” and a mis- 


reading of data by the EPA to draw > 


conclusions to support the ban. 
‘The ban on 2,4,5-T (2,4,5-trichloro- 


phenoxyacetic acid) was made when a 


study in the- ‘Alsea region of Oregon 
found a strong correlation between the 
‘use of the herbicide and a tripling in 


the rate of spontaneous abortions. 
among local women. -The study was” 


conducted by Dr Eldon Savage of the 


Epidemiological Studies Programme of- 


Colorado State University and com- 
missioned by the EPA. It was the 
second investigation: into the . health 
effects of 2,4,5-T on residents. 

The first study— 
inconclusive, according to the EPA, 
and led to the conclusion that the 
claims of Alsea women that their 
miscarriages were due to 2,4,5-T “had 
not been demonstrated from the data 
presented.” However, the spontaneous 
abortions did appear to follow a 
seasonal pattern and 10 out of the 13 
cases under investigations occurred 
between April and September; whereas 
hospital records indicated that increases 
in spontaneous abortions normally 
occurred in January-March and 
October-December. 

Alsea II was designed to eliminate 
any element of bias which may have 
occurred in the first study, and covered 
a much larger sample. A 1,600 square 
mile rural area where 2,4,5-T spraying 
had taken place was chosen, with 
another 1,000 mile rural area and an 
urban area as controls. Data on 
spontaneous abortions in the first 20 
weeks of pregnancy was taken from 
the records of hospitals in these areas. 


“Alsea [’-~was 





The study revealed that the spon- 
taneous abortion index (ratio of 
abortions/live births) was higher in the 
study area than in the other rural area. 
For the months of May, June, July and 
August, the index for the study areas 
was 89.9, 130.4, 105.4 and 88.1 com- 
pared with 63.2, 46.0, 55.3 and 79.8 for 
the rural control. In the urban area 
ratios were even lower. The investiga- 
tion also showed a significant correla- 
tion with the 2,4,5-T spray pattern with 


“a lag period of ‘two to three months. 


The residents, -the study suggests, 
could have: come ‘into contact with the 


herbicide. and its dioxin (2,3,7,8-tetra-. 


chlorodibenzo-p-dioxin) contaminant in 


‘drinking water or through eating fish 


or other wildlife. 
` One critic of the Alsea II findings is 
Professor Nathan Mantel,:a statistician 
at the biostatistics centre of George 
Washington University, Bethesda. He 
claims there are “fundamental statisti- 
cal: and logical flaws” in the report. 
Mantel was asked to review the report 
by the National Forest Products 
Association. (2,4,5-T is in widespread 
use in forestry) and his comments have 
been forwarded to the EPA. He says 
the EPA were wrong to compare 
results for a rural study area and an 
urban control. His analysis revealed no 
statistically significant differences 
between the data taken from the study 
area and a third “control” area. 
Referring to the Alsea findings of 
a correlation between spray times and 
the seasonal pattern of abortions, 
Mantel insists that the comparison was 
based on an = improper _ statistical 
approach. He claimed this result was 
of little value anyway, since there was 
no statistically significant difference in 
the overall rates of abortion in the 
areas investigated-—the EPA study 
reported little difference in the per- 
centage of hospitalised spontaneous 
abortions for women aged 20-49 in the 
three areas. 


that led to 2,4,5- 








Concern about the EPA’s misreading 
of data centres on its use of material 
from Seveso in Italy. Residents of this 
town were exposed to dioxin in July 
1976 following an accident in a reactor 
manufacturing trichloropheno. With 
dioxin known from. animal studies to ` 
be teratogenic there was concern that 
the chemical would cause malforma- 
tion to increase in the Seveso children. 

The EPA says this is precisely what 
happened, and that there was seven- 
fold increase between 1976 and the 
first five months of 1977. While 
admitting that the data collected at ` 
Seveso was inadequate, and that there 
were “methodologic deficiencies” in 
the way it was analysed, the EPA 
nevertheless says that the evidence 
provides ‘‘suggestive indications of a 
possible teratogenic effect [by dioxin] 
in humans”, 

Many scientists insist that the EPA 
is wrong on this point. The EPA has 
been sent evidence to show that the 
increase in malformations at Seveso is 
due to better reportage of these cases 
and that the increase is more apparent 
than real. The Italian Parliamentary 
Commission report on Seveso reached 
similar conclusions and pointed out 
that, while many scientists believed 
that dioxin was potentially teratogenic 
in humans, the evidence to confirm 
this point has so far not been found. 
Furthermore, if dioxin had been 
responsible for an increase in mal- 
formations at Sevesco, then there 
should be evidence of an increase in 
specific -defects. However, the data 
does not show this pattern, 

The Michigan court hearing on 
2,4,5-T will have to consider these 
conflicting claims. A decision to up- 
hold the EPA ban will not have serious 
economic repercussions on the manu- 
facturers of 2,4,5-T through loss of 
sales: it will leave them open to com- 
pensation claims from women who 
have miscarried. Alastair Hay 


Windscale leak: Benn calls for public inquiry into safety 


Mr Tony Benn, UK Energy Secretary, 
has called for a full public inquiry by 
the next government into the Wind- 
scale leak which was found last month 
during borehole sampling near a 
temporary storage tank for highly 
active liquid waste, dissolved in nitric 
acid prior to concentration and final 
storage. At a local Labour Party meet- 
ing on Saturday, Benn expressed con- 
cern about the present leak as well as 
about “the continuing and unsolved 
leak of less active subtances that has 
been going on for several years.” 
Benn asked the Nuclear Installations 
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Inspectorate whether Windscale should 
be closed but was advised that this step 
was unnecessary. 

Friends of the Earth has asked Peter 
Shore, UK Environment Secretary, to 
conduct an inquiry into other Wind- 
scale incidents which include possible 
leaks from the low level waste burial 
ground, the discovery of Cs and “Co 
on surface water drains, the closure of 
building B204 because of radiation 
hazard and the discovery last year of 
plutonium on a half incinerated dis- 
mantled cooling tower. 

The outstanding problem of the 


present leak is to determine the 
probable rate of migration of activity 
from the region of the borehole. 
Material which has continuously - 
leaked from the sump has progressed 
to a distance of 10 metres in a year. 
With the leak stopped, future 
migration depends Critically on the 
detailed site geology. Preliminary 
BNEL measurements indicate that an 
average migration rate is about a 
metre a year, but according to Friends 
of the Earth there has never been a 
full geological site survey at Windscale. 

Joe Schwartz 
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DESY makes a bid for protons in Hamburg 


the West German subnuclear 
physics laboratory, appears to be 
establishing a rapprochement with 
CERN, Europe’s international centre 
for the subject. It could rest on DESY 
building a superconducting storage ring 
for protons of around 280 GeV, while 
CERN builds LEP, a device for collid- 
ing 80 or 90 GeV electrons with 
positrons. 

DESY would collide the protons 
with the electrons of its latest electron 
storage ring, PETRA, thus providing 
itself with the world’s most precise 
instrument for probing the structure 
of the proton. LEP would be the most 
advanced tool for creating new forms 
of matter, such as new quarks, the 
intermediate vector boson, and Higgs 
particles, 

This plan, which has yet to be 
formally adopted by the European high 
energy physics community, emerged 
at last week’s inauguration ceremony 
for PETRA, held at the DESY lab- 
oratory in Hamburg. Professor Schop- 
per, the director of DESY, told 
Nature that towards the end of this 
year he would be making an applica- 
tion to the German government to 
build a proton storage ring within the 
PETRA tunnel, The cost would be 


DEsy, 


“about 14 PETRAs”—around 150 
million DM. 

Earlier, the West German minister 
for science, Dr Volker Hauff, had 


made an extremely positive speech on 
behalf of basic science, from which it 
seemed clear that he would treat such 
an application sympathetically. ‘‘Poli- 
tical freedoms are inconceivable with- 


out a free science’, he said un- 
equivocally. However funds were 
limited (whereas research was un- 


limited) and choices had to be made. 
“We've got to limit ourselves to what 
we can do particularly well, where we 
can teach others and create top per- 
formance . with PETRA we do 
have a chance of creating this per- 
formance”. 

“With pride we can look forward to 
the development of PETRA as a 
centre of international research”, said 
the minister. “More than half the 
researchers are guests, contributing 
thir intellect and funds. PETRA is 
fundamentally enriched in this way.” 

And on the relationship of DESY 
and CERN, he said: “Very soon we 
will begin a dialogue with scientists to 
see if Germany can contribute to LEP. 
To have two flourishing laboratories, 
like CERN and DESY, is commen- 
surate with the size of this continent. 
We cannot discuss the future of the 
one laboratory without thinking of 
that of the other.” 

This mood was reflected by Pofessor 
Jean Teillac, the President of CERN 
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Council, the supreme body directing 
CERN, who said that “with CERN and 
PETRA Europe has a good, well- 
balanced programme . . . More even 
than in the past we must use central 
facilities like CERN and DESY”. 
Meanwhile, the new cooperative 
mood has yet to be translated into firm 
proposals by ECFA, the European 
Committee for Future Accelerators, 
which is currently deliberating on the 


question of the precise energy for 
LEP—a delicate matter because costs 
increase rapidly with energy, parti- 
cularly at CERN, where a big LEP 
would have to burrow under the Jura 
mountains. 

“But we are not letting politics get in 
the way of our judgements’, the 
chairman of ECFA, Professor Marcel 
Vivargent, said last week. 

Robert Walgate 





RF accelerator cavities at PETRA: resonances are causing beam losses 


PETRA in a race to highest energy 


Petra, the world’s largest electron- 
positron colliding beam device, is still 
having trouble reaching design 
luminosity at its highest energy—and 
is beginning to fear the strength of the 
American competition, PEP, under 
construction at Stanford, California. 

PETRA, the brightest jewel of West 
German sub-nuclear physics, is hoped 
to make two major discoveries: the 
mass of the sixth quark, “top” (or 
“truth”), and the first indication of 
the masses of the intermediate vector 
bosons (IVBs), the particles whose 
exchange is believed to be responsible 
for the weak nuclear force. But both 
experiments need the highest PETRA 
energies, and a reasonable data-taking 
rate. 

Last week PETRA was brought up 
to 26 GeV, and 10 events—the results 
of collisions between 13 GeV electrons 
and 13 GeV _ positrons—recorded in 
two detectors. But the “luminosity” 
(effectively, the data rate) was a factor 
70 below design, producing something 
of the order of one event per hour. At 
this rate the experiment to detect the 
IVBs—an ambitious construction by 
Nobel laureate Sam Ting—would take 
50 years. “Top” might be found by 
chance, but really requires a systematic 
energy scan, which would also take a 
long time at current rates. 

The problem appears to be due to 
the fact that PETRA must accelerate 
its own electron and positron bunches 
from 6.5 GeV, thus moving through 
a number of electromagnetic reson- 
ances in the 32 accelerating cavities. 
(Until now, at lower energies, PETRA 


has used only four cavities.) The 
resonances make handling the beam a 
rather tricky procedure, and the beam 
is frequently lost. 

PEP, on the other hand, which is 
due to come on line at the end of this 
year, takes injection from the Stanford 
linear accelerator at 17 GeV for 
positrons, and 24 GeV for electrons, 
thus scaling PETRA’s ‘ramping 
problems at one leap. 

However a glass of water may be 
half full or half empty, and one’s view 
of PETRA’s difficulties depends on 
which side of the fence one sits. On the 
one hand the experimenters, such as 
Ting’s group, appear to be pessimistic; 
but the accelerator physicists, whose 
job it is to produce the beam, hand- 
wave hopefully. Only time will tell who 
is right. 

Robert Walgate 
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PETRA’s first event at 26 GeV shows 
jet structure 
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A Ukrainian line on s 


SCIENTIFIC research and education in 
the. Ukrainian SSR is failing to meet 
the demands of the “scientific and 
technical revolution”, according to 
Volodymyr V. Shcherbyts’kyy, first 
Secretary of the Central Committee of 
the Communist Party of Ukraine. 

Addressing a meeting of university 
and college lecturers, Shcherbyts’kyy 
called for a “comprehensive attitude” 
to research, in terms which could be 
taken as a criticism of current Soviet 
policy. 

Of recent years, policy has ened 
the development of close contacts be- 
tween academic institutions and local 
industry, with the scientists under- 
taking R & D on a contract basis as 
and when required. This, in Shch- 
erbyts’kyy’s opinion, is simply inade- 
quate. 

“Contracts between higher educa- 
tional institutions and production are 
still essentially reduced to the conclu- 
sion of economic agreements with the 
neighbouring enterprises, and these 
agreements are frequently aimed at 
accomplishing particular, minor, 
tasks”, he said. “A solution at the level 
of the entire branch practically never 
occurs” 

What precisely Shcherbyts’kyy. Jad 
in mind is not entirely clear. Pre- 
sumably he would replace the present 
ad hoc trouble-shooting with a more 
structured programme of problem- 
orientated R&D, somewhat on the 
Polish model. Such a system, he im- 





plied, would need to be organised on 
the regional level by the Ukrainian 
republic. 

At present, he said, the Ukrainian 
Ministry of Education “has no joint 
plans with any fother] Ukrainian 
Ministry”, although it is carrying out 


“several comprehensive plans” with 
the All-Union. Ministry of the 
Chemical Industry. This lack of 


contact with production at the re- 
public level, said Shcherbyts’kyy, is 
apparently why only about 20% of the 
inventions. patented by scientists at 
higher educational institutions in 
Ukraine ever get applied in industrial 
production. 

The relationship between the econo- 
mies of the Union Republics and the 
central planning authorities is a com- 
plex one, and the relevant paragraphs 
of the new Soviet constitutions do little 
to clarify the matter. 

Long ago in the 1950s Krushchev 
tried to over-ride the republic bound- 
aries with a system of arbitrary econo- 
mic planning regions. Although this 
set-up has been abandoned,. at least as 
far as education and academic life is 
concerned, there has been a constant 
trend towards centralisation in the last 
two decades. 

Recently, scientific publication in 
languages other than Russian has 
virtually ceased, and several promising 
lines of research in individual republics 
disappeared into main-stream anon- 
ymity. The distinctive Ukrainian 


ence and educat 





on? 


school of cybernetics of the early 
1960s was probably the most notable 
such loss. Young graduates on leaving 
university are drafted wherever the 
economy requires—generally to the 
new towns of Siberia. | 

To date Shcherbyts’kyy has shown 
no signs of Ukrainian national senti- 
ment—indeed, he was appointed in 
1972 to replace Shelest, who fell from 
power precisely .for his overly- 
Ukrainian attitude, 

So First Secretary Shcherbyts’kyy’s. 
advocacy of strengthening academic- 
production contacts at a republic level 
seems essentially a pragmatic response 
to a pressing economic need, not a 
criticism of . Soviet “nationalities 
policy’’, which to date he has resolutely 
supported. , 

On educational policy, however, he 
does seem prepared to make a cautious 
criticism. After noting “frequent cases 
of formalism”, “‘unproductive use of 
time” and ‘a peculiar percentage 
mainia” in assessing the knowledge of 
students’, he went on to the “partici- 
pation of pupils and students in 
construction detachments and in agri- 
cultural operations’ officially. viewed 
as a major factor in communist 
education. . 

Although paying official tribute to 
the “importance? of such activities, he 
nevertheless found it “necessary to 
emphasise. that studies must be the 
first objective to which the student 
must apply his efforts”. Vera Rich 


Soviet soil erosion laboratory defends its economic record 


Moscow University’s laboratory of soil 


erosion and river bed processes is al- 
ready saving the Soviet economy some 
10 million roubles per annum. So said 
its director, Dr Roman S. Chalov, 
interviewed on Moscow radio last 
month on the tenth anniversary of the 
opening of the laboratory, 

Appraisal of R & D in terms of pay- 
off and cost-effectiveness is -a regular 
Soviet practice—although perhaps more 
common among policy-makers than 
scientists. 

Dr Chalov’s laboratory, however, is 
in a somewhat sensitive position. Last 
December, the Party Central -Com- 
mittee and the USSR Council of 
Ministers adopted a resolution “On 
additional measures to strengthen 
nature conservation and to improve 
the use of natural resource, and among 
the sectors singled out for special 
criticism, the resolution mentions soil 
erosion, which the, planners note “is 
doing considerable harm to the 
national economy”. 
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Dr Chalov’s laboratory, being the 
only one in the» Soviet Union speci- 
fically devoted to erosion problems, 
can hardly have taken this observation 
lightly. Chalov’s anniversary interview 
accordingly became an apologia for the 
work of the laboratory. The 10 million 
per annum, he implied, was. merely an 
earnest of what the poe hopes 
to do. 

At present the team are largely 
concerned with feasibility studies. In 
the North Caucausus agricultural area, 
a study has been made of the economic 
efficiency of different  anti-erosion 
measures, giving special attention to 
the “accelerated erosion” produced by 
agriculture. A further field study will 
be undertaken this year in the non- 
black soil zone of the Russian SFSR. 
Development of this region of re- 
latively poor agricultural land has a 
special place in the current Five Year 
Plan. Here the team will study gully 
erosion—-the destruction of the land by 
flash floods and torrents. 


This extensive programme of anti- 
erosion work, actual and potential, has 
one rather surprising omission. It is 
entirely water-related, and has no con 
cern with wind-erosion and desertifi- 
cation. This is. the more surprising. 
since Khrushchev’s policy of horizon- 
to-horizon cultivation of the virgin 
lands has created a number of incipient 
dust-bowls. | 

Desert erosion; is the concern not 
of Moscow University, but of 
Leningrad. A major expedition from 
Leningard University and the Main 
Geophysical Laboratory last summer 
made a detailed study of the formation 
and growth of dust-storms in Soviet 
Central Asia. | s 

According to the teamleader, Dr Kiril 
Kondrat’ev,; the main subject of study 
was the “anti-hothouse” effect, which 
occurs during dust-storms which 
extend to high altitudes, cooling the 
Earth’s surface by reflecting solar — 
radiation. 

Vera Rich 
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Third World to demand ne 





for scientific development —__ 


Tuirp World countries are making a 
strong bid to have the creation of a 
new fund for scientific and techno- 


logical development occupy a promi- 


nent position on the agenda of the 
United Nations Conference on Science 
and Technology for Development 
(UNCSTD), which takes place in 
Vienna at the end of August. 

The new fund is currently referred 
to as the International Science and 
Technology Development financing sys- 
tem. It is among the proposals sub- 
mitted to the UNCSTD secretariat last 
week by the Group of 77-——the organis- 
ation which represents over 100 devel- 
oping countries—as a possible re- 
drafting of a proposed programme of 
action to be adopted by the conference. 

Af present there is still considerable 
disagreement among members of the 
Group of 77 over precisely what form 
the fund should take and how it should 


operate. However, some broad prin- 


ciples have been agreed, such as the 
fact that it should operate within the 
United Nations system, and that it 


should also provide relatively stable 


and continuous funding, to avoid prob- 
lems for scientific programmes caused 
by intermittent or fluctuating support. 
Other proposals that have been made 
are that the fund should be made up 
of contributions based on agreed per- 
centage of the average deficit in the 
trade balance in manufactured goods 
between the developing and developed 
countries; that it be financed in part 


through a reduction in armaments ex- 


penditure by the developed countries; 
and also that further funding might 
come from a tax paid by developed 
countries to compensate for the brain- 
drain from developing countries. 

The developed countries, however, 
have already made it known that they 
will be very reluctant in Vienna to 


accept any proposals which will re- 
quire to provide substantial increases 


of funds. The issue is therefore likely 
to be one of the most hotly discussed 
during the conference. 

The two other. main issues likely to 
generate debate, it emerged from last 


week’s meeting of the conference’s | 


preparatory committee in New York, 
are the development of appropriate in- 
stitutional mechanisms—including the 
rearrangement of responsibilities for 
science and technology within the UN 
system-—to support any policy rec- 
_ ommendations made by the conference, 
and possibly some specific proposals for 
ways of stimulating collaborative re- 
search on topics of particular interest 
to developing nations. 
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The developing nations are more 
concerned at present about financial 
mechanisms and about institutional 
arrangements—the developed nations 
about specific research proposals. As 
things stand at present it seems un- 
likely that any major changes will 


emerge directly from the conference: 


itself (restructuring of the UN system, 
for example, can only be doné by the 
General Assembly). But there are still 
hopes that the conference will produce 
guidelines representing a consensus on 
how each of these three items should 
be approached. 

The main development in the con- 
ference’ preparations since the tast 
meeting of the preparatory committee 
in New York in February has been 
the efferts of the Group of 77 to de- 
velop a unified position which the 
developing nations can present at 
Vienna. | 

A working party of the Group of 77 
met in New York for the first two 
weeks in April to prepare a set of 
amendments to the preliminary draft 
programme of action which has now 
been drawn up by the secretariat under 
three headings: strengthening the scien- 
tific and technological capacities of 
developing countries; restructuring the 
existing patterns of international scien- 
tific and technological relations; and 
strengthening the role of the United 
Nations in science and technology 
and the provision of increased financial 
resources. l 

In parallel to this effort the : econ- 
omic commission for Latin America 
organised a meeting of a group of ex- 
perts in Lima, Peru, in March to dis- 
cuss possible financing mechanisms to 
provide additional support for science 
and. technology in developing countries, 





“Every time they make a bomb, we make 
a killing!” T 
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making various proposals which, 
although not. officially endorsed by 
ECLA, have been partially amalga- 
mated into the Group of 77. 

At the end of last week, the Group 
of 77 presented to the preparatory com- 
mittee its suggestion on revising the 
first part of the draft‘ programme of 
action, that which deals with internal 
arrangements within countries for de- 
veloping science and technology. _ 

Many of the suggestions such as the 
need to establish science and technology 
policies as part of general development 
policies, and to encourage cooperation 
between developing and developed 
countries, as well as between develop- 
ing countries themselves, had already 
been made by the secretariat itself on 
the basis of the suggestions contained 
in the various national and regional 
papers: which have been prepared and 
submitted as part of the planning pro- 
cess for this conference. 

With regard to financial resources, 
the group of 77 says that present fund- 
ing mechanisms for enhancing national 
science and technology systems “are 
highly unsatisfactory both from the 
qualitative and quantitative consider- 
ations” and adds that experience has 
shown that “there is need for a more 
effective financing system within the 
United Nations system for strengthen- 
ing the science and technology capaci- 
ties of developing countries”. 

In general the developing countries 
suggest that developed countries should 
devote on an annual basis 0.05% of 
their gross national’ product to the 
solution of scientific and technological 
problems of developing countries, and 
devote at least 10% of their R & D ex- 
penditure to programmes designed to 
solve problems of specific interests to 
developing countries. 

More specifically they recommend 
the setting up of an International 
Science and Technology Development 
Financing System to provide financial 
resources to supplement national 
science and technological financing 
capabilities. : 

Precise details of how this system 
would work were still under discussion 
by the Group of 77 at the beginning 
of this week. In an earlier draft of 
possible recommendations prepared by 
the working party, however, it was sug- 
gested that any new system of financing 
be based on a number of features, in- 
cluding provision that money be made 
available on a predictable and con- 
tinuous basis, and that it should be > 
based on a linked to international econ- ` 
omic parameters which reflect the’ 
present asymmetries between countries 
in technical capacity. 

Appropriate provision should be 
made, the working party suggested, for 
the financing system to involve the use 
of regional funds, for which the ad- 
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ministrative responsibility would be 
bestowed on the developing countries 
themselves, while overall responsibility 
would rest with the UN general 
assembly. 

Detailed discussion on these various 
points are likely to occupy much of the 
time up to the Vienna conference. 
Meanwhile, in an attempt to make sure 
that something of a more immedi- 
ately practical nature emerges from 
UNCSTD, various countries are sup- 


porting proposals that specific efforts 
should be made to establish projects in 
areas requiring greater research. 
Belgium, for example, submitted a 
resolution to the preparatory committee 
last week suggesting five areas for in- 
ternational collaborative research: 
solar energy, rural development tech- 
nologies, tropical diseases, methods of 
increasing food production, and an in- 
ventory of natural resources. 

David Dickson 


Agricultural research centres transformed 


THe dozen international agricultural 
research centres set up between 1959 
and 1976 to conduct research into 
problems of tropical agriculture have 
had considerable influence on the 
national research systems of many 
developing countries as well as on the 
crops and methods used by farmers. 
The very changes the international 
centres have stimulated, however, have 
in turn resulted in changes being made 
to the mode of operation of the centres 
themselves so that they are no longer 
working to the rules laid down when 
the first, the International Rice Re- 
search Institute, was set up twenty 
years ago, 

Speaking to a small gathering at the 
Science Policy Research Unit, Univer- 
sity of Sussex last week, Dr Edward 
Clay of the university’s School of 
African and Asian Studies said that 
the international centres had greatly 
influenced the way scientists in third 
world countries “perceive the research 
they're to carry out’. In particular 
ever since IRRI and the International 
Center for the Improvement of Maize 
and Wheat (CIMMYT), the first two 
centres to be set up, achieved con- 
siderable success in breeding high- 
yielding dwarf varieties, most research 
on increasing yields for all sorts of 
crops in many countries has centred 
on finding dwarf varieties. 

In India, for example, rice research 
has tended to focus on light-yielding 
semi-dwarfs for irrigated land. 67% of 
rice breeding is oriented towards 
irrigated rice, even though only 28% 
of the land used for rice cultivation is 
irrigated. And almost all the new 
varieties developed have been semi- 
dwarfs. Only 5% are suited for deep 
water although 40° of the land used 
for rice growing is under deep water. 

According to Dr Clay, the inter- 
national centres cannot be held entirely 
responsible for this mismatch of re- 
search to needs although it is highly 
likely that they have had some in- 
fluence. In the case of rice research, 
for example, IRRI has mainly con- 
centrated on irrigated rice—simply be- 
cause of the local conditions around 
its home in the Philippines. 

The centres’ influence, however, 
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than was 


claims Dr Clay, extends beyond the 
individual scientist to the very agri- 
cultural policy of developing countries. 
“Experts were put into the inter- 
national centres and were successful’, 
he says “therefore the model of a 
centre was seen as a good recipe for 
success’. More international centres 
were built and individual countries 
began to build their own single purpose 
centres. The Bangladesh government, 
for example, decided to create one 
specific rice research institute—‘‘very 
large, costly and capital intensive with 
well-trained scientists”. This was a new 
idea for an individual country—-even 
countries with a highly organised re- 
search effort such as the US and 


Japan had not concentrated their 
research on just one topic into one 
place. 


When IRRI and CIMMYT were 
first set up, they were intended to be 
solely research centres where Western 
scientists could apply certain tech- 
niques which had proved beneficial in 
agricultural research for temperate 
zone crops to tropical crops. As the 
influence of these first two centres 
spread, however, and individual 
developing countries began to take up 
their methods, they have played an 
increasing role in educating third 
world scientists and organising €x- 
changes. With the creation of the 
Consultative Group for International 
Agricultural Research (CGIAR) “to 
raise funds and establish research 
policies” for the centres and the 
creation of more centres in different 
parts of the world, their operation has 
gradually become more bureaucratic. 

“We now have well-defined bureau- 
cratised institutions’, according to Dr 
Clay. “This was not true of the 
original centres. In expanding and re- 
plicating the original model we’ve now 
got something quite different”. There 
is now pressure for the centres to work 
much more with developing countries 
initially intended. And, 
according to Dr Clay, as they are 
essentially funded by industrialised 
countries this has put them into a 
complicated relationship between the 
aid-donors and their recipients. 


Judy Redfearn - 


Pre-UNCSTD 
colloquium planned 


PREPARATIONS for the Colloquium on 
“Science, Technology, and Society”’ to 
be held by the UN Committee on the 
Application of Science and Technology 
to Development (ACAST) in Vienna 
next August immediately before 
UNCSTD, were the main item on 
ACAST’s agenda when it met in 
Geneva recently. At the Colloquium 
200 invited representatives of the 
world scientific and technological com- 
munity will help formulate a document 
for discussion at UNCSTD. 

During the first week of the ACAST 
meeting it became apparent that the 
Colloquium is seen only in terms of 
certain items of the agenda of 
UNCSTD. For whatever reasons, the 
members of ACAST seem to have 
forgotten their hitherto jealously 
guarded role as an independent ad- 
visory committee, and limited them- 
selves mainly to points they had been 
asked to consider by UNCSTD Secre- 
tary-General, José da Costa. 

However, da Costa himself possibly 
helped to harden ACAST’s attitude. 
His personal intervention on a flying 
visit, during which he did not even stop 
to answer many of the questions he 
inspired, appeared to reflect consider- 
able pessimism as to the outcome of 
his own Conference. Seeing less than a 
fifty-fifty chance of any concrete re- 
sults, he feared it would be only a 
“conference verbale”, within which 
ideas on, amongst other things, new 
forms of cooperation between North 
and South, as well as within the South 
might at best appear in the form of 
recommendations. 

Da Costa’s statement was also note- 
worthy for a sudden and highly 
emotional attack on the way in which 
his conference is being treated by the 
media, in particular by the “Lund 
Letter’, published by an internation- 
ally-oriented group in Sweden, and 
which he singled out as “nordique et 
paranoiaque”’. 

A second factor which further en- 
livened the ACAST proceedings was 
what looked remarkably like an at- 
tempt on the part of UNESCO, 
through their representatives at the 
meeting, to take over the whole 
Colloquium, albeit still disguised as an 
ACAST-sponsored meeting. Whether 
this was because of their frustration at 
the admittedly somewhat tardy and, to 
some observers, impractical way in 
which the Colloquium was being 
planned and organised, is not clear. 

However, here the members of 
ACAST closed their ranks and refused 
to be stampeded by UNESCO's 
probably justified calls for urgency. 

Peter Collins 
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UN urged to take lead in studying effects of CO: The 
United Nations Environment Programme can and should 
take the lead in assessing the global impact of an increase 
in carbon dioxide on the environment and health and 
society generally, Mrs Barbara Blum, deputy administrator 
of the US Environmental Protection Agency, told UNEP’s 
governing council in Nairobi last week. She also called 
for an international meeting of experts to accelerate and 
coordinate action to improve management of the world’s 
forests. “Tropical forests are the world’s richest generic 
reservoir, a potential source of useful plants and drugs, a 
modulator of climate, a shield against desertification and 
soil loss, and a renewable timber-bank’’, she said. “It is 
time to highlight this key problem for decision-makers at 
the highest level of government.” 

Recent experience in the US, which was now having to 
clean up the consequences of earlier indiscriminate dumping 
of toxic wastes, showed that the land was not an infinite 
sink or sponge which could be used as a dumping ground 
for residues of industrial activity. 


Russian invitation: France has been asked to supply a 
cosmonaut for a space flight with a Soviet crew. This 
proposal was made by Mr Brezhnev to President Giscard 
d'Estaing, during the French leader’s visit to Moscow last 
week. According to Tass, Giscard “responded positively”. 


TUC gets in on microprocessors: Two weeks after the UK 
Science Research Council jumped into the technology of 
microprocessors with proposals for a major research and 
training programme (19 April), the Trades Union Congress 
has urged full cooperation between government, manage- 
ment and the unions to avoid the loss of “hundreds of 
thousands of jobs’. Mr Len Murray, TUC general 
secretary, notes in a report that “in the absence of 
intervention and planning, the benefits of microelectronics 
will certainly be unequally distributed”. The TUC calls 
for a 35-hour week, a reduction of systematic overtime, 
longer holidays and sabbaticals and trade union education 
in microprocessor technology. But Professor Kristen 
Nygaard of the Institute of Informatics of the University 
of Oslo says that the key issue is one of workplace control. 
He cites the introduction of “data” shop stewards in 
Norway as a more appropriate demand for trade untons 
to make. The shop stewards serve on small shop floor 
committees of four to six persons and they are not 
permitted to become programmers. The stewards are also 
required to attend the annual data processing course given 
by the Norwegian TUC that nas been held since 1971. 
Employment and Technology. TUC, Great Russell St., 
London WC, 40p. 


Cornell ring starts storing electrons: The first circulating 
beam of electrons has been stored at Cornell University’s 
new Electron Storage Ring, a facility which, when fully 
operational later this year, will enable stored beams of 
electrons and positrons to collide at two points in their 
orbit. The storage ring is mounted in the same tunnel that 
houses the Cornell electron synchrotron, which will provide 
the high energy electrons and positrons for injection into 
the storage ring. Conversion of the synchrotron into a 
colliding beam facility has been under way since September 
1977, and has been funded at an estimated cost of $20.7 
million by the National Science Foundation. 


Head of FDA resigns: Dr Donald Kennedy has resigned 
as director of the US Food and Drug Administration, an 
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Welfare, to return to Stanford University in California 
where he is to become provost and vice-president for 
academic affairs. Before joining the FDA in March 1977, 
Dr Kennedy was professor and head of the human biology 
programme at Stanford. For a time he was also presidential 
science adviser, acting as one of two senior consultants to 
the Office of Science and Technology Policy. Announcing 
his decision to return to academic life, Dr Kennedy said 
he had intended to stay at FDA through a full academic 
term, “but the position at Stanford will not wait’. He 
leaves the FDA on June 30—one day before a tough new 
ethics law restricting the contacts that ex-government 
employees can have with their previous agencies comes 
into effect—and starts work at Stanford on August 1. 

In his two years at the FDA, Dr Kennedy has been at 
the centre of a number of controversial issues. He has 
strongly supported attempts to ban saccharin as a potential 
carcinogen, and has strongly opposed moves to legalise the 
medical use of the claimed anti-cancer agent laetrile. Last 
year he was also behind unsuccessful attempts by the 
administration to overhaul FDA’s drug-regulation system. 


New analysis traces consequences of world resource 
depletion: Worldwatch Institute, a Washington-based non- 
profit research organisation, has released a study on the 
economic effects of population growth, which finds that 
significant per capita declines are occurring in four major 
resource areas: fisheries, forests, croplands and grasslands. 
Over-fishing has become the rule rather than the exception. 
In forestry, demand has exceeded the sustainable yield of 
the world’s forests producing higher costs for lumber and 
a consequent shortage of housing. Grassland management 
is characterised by overgrazing on every continent and 
pressure on beef, milk, wool and leather production. Crops 
are also strained, and cereal production, which increased 
30% from 1950 to 1971, has levelled off. 

The study points out that when biology starts to fail, 
oil tends to be substituted, thus placing a drain on energy 
reserves. Synthetic fibres now account for a third of the 
market and synthetic rubber two-thirds. Cardboard and 
wood are replaced by plastics. In addition, agriculture 
depletion increases the demand for chemical fertilisers and 
mechanised agriculture to maintain production. World- 
watch says; “The oil safety valve is starting to stick.” The 
study is critical of supply and demand solutions and sees 
a need for government intervention in population policy 
and resource management and increased research into the 
capacity of the world’s biological systems.—Resource 
Trends and Population Policy: A Time for Reassessment. 
Worldwatch Paper 29. 


Sino-Bangla technical cooperation: China and Bangladesh 
have signed an agreement for the mutual exchange of 
scientists and technicians to study agricultural production. 
China will organise study visits for Bangladesh experts in 
the freshwater fish farming, paddy rice culture, small 
irrigation projects and agricultural machinery manufacture. 
Also included will be the processing of green tea and 
Chinese medicinal herbs and visits to study the use of 
natural gas for producing chemical fertiliser. Bangladesh 
will offer study visits on jute .nanufacture, black tea 
growing and cultivation of mango saplings. About 50 
Bangladeshis will visit China in the first group which will 
leave in the next two months. Bangladesh has been aligned 
towards Western technological development but the 
Chinese agreement may open up opportunities for the 
transfer of traditional technologies based on local 
resources. —from M. Kabir in Dacca. 
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Multi-mirror telescope confounds the sceptics 


David Dickson reports on a telescope with a radical new design 
which is to be officially inaugurated in New Mexico next week 


From the main 
road it looks like 
a huge, gift- 
wrapped Christ- 
mas present, 
perched precari- 
ously on the sum- 
mit of the 8,500-ft == 
Mount Hopkins, % 
25 miles south of F 
Tucson, Arizona. 
Only as you cover $ 
the last, steep S° 
stretch of the ap- 
proach road and # 
begin to glimpse R$ 
the apparatus be- § 
hind the rolled- 
back doors, does 
the building’s * 
function as an observatory become 
apparent—despite the absence of the 
conventional split dome. 

Even then, the surprises are not over. 
Rather than the long, carefully bal- 
anced cylindrical telescope that one 
expects, there is a squat, almost cube- 
shaped construction with six identical 
mirrors hidden in a complex of steel 
girders, the whole apparatus supported 
by a massive steel yoke. 

The Multi-Mirror Telescope, has 
been built jointly by the Smithsonian 
Institution and the University of Ari- 
zona, and is to be officially inaugurated 
next week. Attending the dedication 
ceremony may well be some of those 
who were initially sceptical about the 
feasibility of combining six separate re- 
flecting mirrors in a single telescope, a 
step which the designers claim to be 
the first major departure from con- 
ventional optical telescope construction 
in more than a century. 

“It is a radical design, and it met 
with an enormous amount of scepticism 
in the beginning. Even those involved 
in the project found they had to over- 
come some of their own biases and 
prejudices”, says Professor William F. 
Hoffmann, of the University of Ari- 
zona’s department of astronomy. 
“Many doubted whether it was practi- 
cal to trade off the cost of a single, 
large primary mirror against the com- 
plexity of the control and alignment 
systems needed to operate a number of 
smaller mirrors simultaneously. And 
even if the trade-off proved to be worth 
it, there were doubts about whether the 
control system could be made to work 
adequately—and to run routinely.” 

Some of these reservations—and in 
particular the last one—have yet to be 
answered. But preliminary viewings 
have already been successful. even 
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though the telescope has to be oper- 
ated manually until the computerised 
control system is linked up. Professor 
Hoffmann says he does not foresee any 
major problems. 

There are three radical innovations 
in the MMT design, each of which is 
being closely followed elsewhere as 
suggestion new directions in telescope 
construction. The MMT is really a com- 
bination of six parallel Cassagrain 
telescopes, each with its own 1.8-metre 
primary mirror and its own secondary 
mirror, with the separate images 
focused to a single point. This results 
in a light collecting capability equiv- 
alent to a 4.5-metre telescope—still 
behind the 5-metre telescope on Mount 
Palomar and the Russian 6-metre tele- 
scope, but its compact design means 
that, at $7.5 million (in 1975 prices), 
the MMT cost less than a third of a 
conventional design. 

Laser beams align the mirrors, using 
the MMT’s guide-alignment telescope 
as a collimator for a laser-generated 
point source. The beam is split into six 
components, each used to keep a check 
on one of the mirrors and control its 
fine-adjustment mechanisms. ‘The 
problem is comparable to getting six 
headstrong ballerinas to dance as if 
they were one,” says one of the project 
directors. 

MMT may well serve as a prototype 
for a new generation of optical tele- 
scopes, avoiding the increasingly pro- 
hibitive costs of large primary mirrors. 
Already a multi-mirror design is being 
considered as one option for a 10-metre 
telescope being planned by the Uni- 
versity of California. Scientists at the 
neighbouring Kitt Peak National Ob- 
servatory are exploring a similar ap- 
proach to a 25-metre instrument. 

The second design innovation is the 





Complex of steel girders hides the mirrors 


mounting. Most conventional telescopes 
use an equatorial mount, meaning that 
movement about only one axis is re- 
quired to compensate for the rotation 
of the Earth. The MMT, in contrast, 
uses an alt-azimuth mount, the hori- 
zontal axis being provided by a large 
steel yoke which itself turns on a 
vertical axis. Keeping track of an ob- 
ject during viewing means rotating the 
telescope about both axes simul- 
taneously, a process which is controlled 
by a special mini-computer, 

Both the compact design of the tele- 
scope, and the alt-azimuth mounting, 
led to the concept of a rectangular 
housing. “Any dome is, in its own 
geometry, azimuthal, but with an equa- 
torially-mounted telescope you need 
the extra swing-space within the dome,” 
says Professor Hoffmann. “With the 
alt-azimuth mount, motion is either up 
and down or circular, so saving space 
inside the dome is no longer necessary. 
A rectangular space then became much 
more convenient than a spherical one.” 

Professor Hoffmann says that 
although when first suggested the fork 
mounting and the rectangular building 
were considerable innovations, it turned 
out to be so practical that he thinks 
“people will soon find that the hemi- 
spherical dome and the equatorial 
mount are no longer attractive”. 
Scientists from the Australian National 
University are already contemplating 
using this approach for a new telescope 
on Mount Stromlo, and others are ex- 
pected to follow. 

When it becomes fully operational, 
the MMT, which will be able to oper- 
ate in both visible and infra-red parts 
of the spectrum, will have a number of 
uses. It will be able to carry out infra- 
red photometry that could help scien- 
tists identify materials on the surface 
of Pluto and the satellites of Uranus 
and Neptune, and also provide detailed 
measurements of highly red-shifted 
optical spectral lines from distant quasi- 
stellar objects. 

Another major application will be in 
spectroscopy. By projecting the images 
from the six main mirrors along a line, 
rather than on to a single spot, the 
MMT will be able to compensate for 
the hight lost when the single image 
from a conventional telescope is 
focused on a single slit. 

With other ground-based facilities— 
particularly those at Kitt Peak—in- 
creasingly in demand, there will be no 
shortage of users for the MMT. “They 
are already beating a path to our door,” 
says Professor Hoffmann. Initial users 
will be those from the Smithsonian and 
the University of Arizona. Sub- 
sequently, applications for experiments 
will be open to all comers. O 
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‘North’ meets ‘South’—without the bickering 
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Roger Revelle reports on hopes for a new era of scientific 


and technical cooperation in the Third World 


For a variety of reasons, including the 
probable makeup of the national dele- 
gations, the United Nations Conference 
on Science and Technology for 
Development (UNCSTD) to be held in 
Vienna in August, will be largely 
political and diplomatic. 

So to provide a forum for scientists 
and engineers to express their ideas for 
UNCSTD, the International Council of 
Scientific Unions (ICSU) enlisted the 
cooperation of other international 
professional organisations (including 
those of the social scientists, humanists, 
physicians and engineers, and such 
quasi-scientific groups as the Club of 
Rome and Pugwash), in sponsoring an 
International Symposium on Science 
and Technology for Development, 
which was held in Singapore during the 
week of 22 January under the chair- 
manship of Thomas Malone, Treasurer 
of ICSU and Foreign Secretary of the 
National Academy of Sciences. Some 
120 natural and social scientists and 
engineers from forty countries partici- 
pated, besides observers from the 
United Nations and its specialised 
agencies, and from national technical 
assistance organisations. More than 
half the participants came from the 
developing countries of Africa, Asia, 
and Latin America, while the 
remainder represented both the 
capitalist and the ‘centrally planned’ 
industrialised countries. Notably absent 
were representatives of the People’s 
Republic of r 
China—which has 
had difficulties 
with ICSU over 
Taiwan—and the 
oil-rich Arab 
countries, though 
scientists from 
Egypt, Sudan and 
Morocco actively 
participated. 

Some of the more important con- 
clusions of the symposium were: 
© The application of science and tech- 
nology for development depends very 
largely on the existence of effective 
scientific and technical institutions 
within each developing country. 
Through these, each country can 
improve its indigenous technology, 


Thomas Malone 





make rational choices among foreign 
technologies, absorb chosen techno- 
logies, and create new ones appropriate 
for its special circumstances. These 
institutions will need to conduct some 
basic and applied research, as well as 
technological development, in order to 
retain a competent staff and to stay 
aware of scientific advances throughout 
the world that may eventually become 
useful to their country. 

© To build up their scientific and 
technical capabilities and their indus- 
tries, the developing countries require 
a greatly increased corps of qualified 
technicians and other skilled workers. 
A large number of technical schools 
and junior colleges should thus be 
established in the Third World, and 
should be open to both sexes to expand 
employment opportunities for women. 
Apprenticeship training for LDC tech- 
nicians in the industries of the 
developed countries and in multi- 
national corporations in their own 
countries should be strongly en- 
couraged, while school curricula in 
science and technology need expansion 
and modernisation, with emphasis on 
experimental work and manipulation 
of equipment. 

© The establishment of regional re- 
search and development institutions 
(analogous to the present international 
agricultural research centres) should 
be considered, covering a wide range 
of scientific and technical fields, in- 
cluding forestry, fisheries, management 
of land and water resources, construc- 
tion, transportation, and industrial 
technology. These regional institutions 
will need to work closely with the 
national research and development 
agencies, to ensure the results of their 
research are put to practical use. 

@ More donor agencies concentrating 
on support of research and develop- 
ment in and for the Third World, like 
the International Development and 
Research Centre (IDRC) in Canada, 
the Netherlands University Foundation 
for International Cooperation 
(NUFIC), the Swedish Agency for 
Research Cooperation with Developing 
Countries (SAREC), and the Deutsche 
Gesellschaft fur Technische Zusam- 
menarbeit (GTZ) should be established 


agencies should be encouraged to co- 
operate more closely with each other 
in exchanging information and ideas 
and in creating interacting programmes. 
The outstanding work of the Inter- 
national Foundation for Science and 
the United Nations University, in 
supporting applied research by LDC 
scientists within their own countries, 
deserves greater financial backing by 
the developed countries. 

® Physical and biological scientists and 
engineers in the developed countries 
need to be more aware of the develop- 
ing countries’ underlying problems, 
whose solution demands both basic and 
applied research; they should be en- 
couraged to undertake such research 
in cooperation with scientists from the 
Third World. For this purpose, the 
international scientific organisations 
need increased participation by 
scientists of the developing world, and 
improvements in their analysis and 
communication in areas related to 
developing country problems. UNESCO 
and other specialised UN agencies 
could help the non-governmental 
organisations play a more effective role. 
International ‘workshops’ focused on 
specific problems, in which scientists 
from developed and developing 
countries jointly formulate research 
and development programmes, can 


serve as a catalyst for cooperative 
efforts. 
One distinguishing aspect of the 


symposium was the range of talent, 
experience and knowledge among the 
participants; another was the absence 
of the harsh confrontations between 
the “North” and the “South” that 
have frustrated useful discussion in 
many recent UN-sponsored con- 
ferences. Instead, it seemed clear at 
Singapore that a new international 
scientific and technical order is an 
essential prerequisite for the new inter- 
national economic order so earnestly 
desired by the countries of the Third 
World. 

The symposium considered ways in 
which science and technology could 
be used to alleviate some of the most 
critical developing country problems. 
The real incomes of the poorest classes 
need to be increased, by reducing un- 
employment and increasing produc- 
tivity by means of appropriate rural 
and urban industries, which can be 
created through applied research, or by 
adaptation of existing technology to 
utilise available resources. But tech- 
nical and managerial skills in the rural 
and urban labour forces must also be 
developed, and the tools of the social 
scientist must be used as a guide to 
choices of industrialised technology. 
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These industries will require consider- 
able increases in energy supplies, 
particularly in rural areas, and hence 
the development of new sources of 
energy and new means for energy con- 
servation. The energy problem is also 
related to the need to increase and 
diversify agricultural production, to 
develop forest resources and to. improve 
transportation, . 

Natural and social scientists must 
also work together to bring about the 
social and economic improvements in 
health that will help to slow down 
population growth and ultimately 
stabilise the size of populations. 

Throughout the symposium, special 
emphasis was given to the role of 
women in the development process, in 
particular the need for greatly expand- 
ing women’s opportunities for employ- 


ment and education, and for relieving 
the unallayed drudgery that charac- 
terises traditional ‘women’s work’ in 
rural societies. The unfavourable socio- 
economic environment for women 
would be improved if they ‘could 
participate more fully 
ment-——the less-developed countries 
cannot reap the full benefits of tech- 
nology until this vital human resource 
has been mobilised. Conversely, the 
multiple impacts of technology on the 
welfare of women in changing societies 
must be evaluated. 

Industrialists in both developed and 
less-developed countries will inevitably 


have a central role in the application 


of science and technology to develop- 
ment. To serve their own long-range 
interests, industries operating in each 
developing country should be en- 


in develop- 


li 


couraged to choose technologies and a 


scale of operations that are most 
appropriate for the local factors of 
production and lead to greater equity 
within the country, as well as improving 


the human and natural-resource base. | 


The participants were unanimous in 
agreeing that the Singapore symposium 
should not be an ‘isolated event. A 
continuing steering committee was. 
established which has begun to explore 
those problem areas that could be most 
effectively approached by cooperation 
among scientists and technologists from. 
the rich and the poor countries. m 





Roger Revell has been director of Scripps 
Institution of Oceanography and more 
recently director of the Harvard Center. 
for Population Studies. - 


UNCSTD: gloom over growing gulf between politicians and scientists 


“THE gap between the ‘experts’ and 
the policy-makers, between those who 
study and work with science and tech- 
nology, and those who make develop- 
ment decisions—that gap seems to be 
growing ever larger as UNCSTD draws 
near”, laments the latest issue of the 
Lund Letter, a Swedish commentary 
on preparations for the conference. 

And a recent Swedish Royal Acad- 
emy of Sciences meeting has emphasised 
the point. Called to inform and stir up 
interest among scientists who may not 
have been involved in the official 
preparations for the conference, the 
day-long discussions left a pessimistic 
impression of what the official UNCSTD 
session can hope to achieve. 

The non-governmental organisations, 
however, offer more hope. They came 
up with some good ideas at their meet- 
ing.in Singapore in January (see above), 
and the academy meeting pointed to 
several areas where Swedish research 
could be useful to the Third World. 
The non-governmental organisations 
seem certain to make a hefty intellec- 
tual and psychological contribution. 

One suggestion for a new form of 
cooperation came from Dr Stephan 
Schwartz, the head librarian at the 
Royal Institute of Technology, who 
wanted to improve the flow of scien- 
tific and technical information to de- 
veloping countries. From. his own 
survey of the age distribution high 
erences in scientific journals, | is 
apparent that in a good journal Nature 
was his example), half of the refer- 
ences are less than two years old. In a 
journal used in even a ‘relatively ad- 
vanced developing country like Portu- 
gal, half the references are seven to 
10 years old. 

This means that the Third ‘World is 
not getting the most up-to-date in- 
formation, and is therefore not able to 


tackle its problems in the most up-to- 
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date ways. This situation could be im- 
proved by establishing link-ups between 
libraries in developing countries and 
Western institutes which could do com- 
puter searches of the specialised litera- 
ture needed to cope with the countries’ 
particular problems. Photocopies of 
most important material could then be 
supplied to the developing countries. 

Dr Schwartz pointed out, however, 
that the information such a system 
could supply would be useless unless it 
could be assimilated by the local science 
and technology system. He thus echoed 
one of the meeting’s recurrent themes: 
that development of one sector in a 
country is only possible if it is backed 
up by development in all the other 
sectors, It is these gaps that are hardest 
to close, because they are the result of 
development and depend on all other 
gaps closing first. 

The gaps in the politicians’ outlooks 
are so wide as to make them incom- 
patible. In agriculture alone, Asian and 
African demands are totally different 
from what the Europeans want to offer. 

As Mr Thomas Rosswall from 
SCOPE (the Scientific Committee on 
the Problems of the Environment, set 


up by the International Council of. 


Scientific Unions) pointed out, the 
European Community (EC) paper pre- 
sented to UNCSTD’s Third Preparatory 
Committee in January maintains that 


it is possible, with adequate water and 


fertiliser supplies, to triple and quad- 
ruple yields from traditional varieties of 
seeds. This is irrelevant to the Third 
World, where neither adequate water 
supplies nor fertilisers are available. 
In talking about the advantages of 
fertilisers, the EC paper takes no heed 
of the fact that widespread use of 


fertilisers is only possible where their 


cost, relative to the costs of other 
agricultural inputs, is low, which is 
certainly not the case in developing 


countries. Again, the EC paper, re- 
counting the European experience, sees 
mechanisation as a good way of achiev- 
ing economies of labour. But the Asian 
and African papers specifically say that 
they want labour-intensive agricultural 
systems. 

On a more practical note, Dr Bo. 


Hall, of the Department of Agricul- _ 


ture’s Commission on Natural Re-. 
sources, pointed to research on the: 


production of pig iron on a small scale 
but at prices competitive with the iron: _ 
produced from big blast furnaces: 


Small-scale methods are needed for the 
exploitation of small domestic markets, 
in contrast to the large-scale tech- 
nologies developed by the multi- 
nationals for developing large ore 
bodies. 

Dr Malin Falkenmark, of the Natural 
Sciences Research Council’s He, 
tee for Hydrology, said that research, MG 


on groundwater in hard rock i a 


Swedish speciality and could be useful — 
in India and West Africa especially, 
where rock groundwater is an import- 
ant source of water. Groundwater re- — 
plenishment techniques—techniques for 
artificially recharging groundwater sup- 
plies—were « originally developed ` in 
Sweden and could probably be. used. 
widely in arid-and semi-arid areas. : 
There are vast regions where Swedish — 
work on erosion and sedimentation 
could also be applied. These processes — 
are not always. thought of in relation 
to river basin development, although — 
many reservoirs rapidly fill up with 
sand if erosion is not stopped on lands 
further upstream. Finally, the Nordic 
countries could pool their work on. 
water assessment—determining the. a 
available water resources in an area to. - 
avoid over-exploitation—and help de- 
veloping countries to make water 
assessments ad hen own. F 
| Wendy Barnaby 
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Jobs: the need to reach an 
ideal steady state 


Sir,—-The problem of short-term contract 
workers is a serious one but it is also very 
complex and one should beware of facile 
solutions which can have even more 
disastrous long term repercussions. 

To illustrate the problem one has to 
look at the ideal steady state. In the 
biomedical sciences. we estimate that there 
are about 5,000 tenured academic and 
research posts in United Kingdom 
Universities and research institutes. 
There is probably about the same number 
in the physical sciences. Since each 
tenured post is occupied for about 35 
years the average turnover rate, assuming 
no wastage, should be about 2.8% per 
annum. With a uniform age distribution, 
we could expect 130 vacancies every year 
in the biomedical sciences simply for 
renewal. It would mean that we could 
have a total of 400 people in three year 
postdoctoral fellowships. with excellent 
chances of their being placed in tenured 
posts at completion. 

The problem is that we are very far 
from this situation. In 1976, only 20% 
of the science posts in British universities 
had holders aged 50 and above, which 
means that forthe next 15 years the 
retirement rate is going to be about 1% 


< and we can only expect positions to 


appear about 4 of that expected from 

the ideal steady state. Thus the biomedical 
sciences will only have about 30 to 40 
vacancies.a year which not only accords 
mere with what we know to be the case, 
but also tells us that this will be with us 


òf the turnover rate, but should be seen 










tilable to niversity for a new 
rant. In essence,.in this scheme, the — 
tside organisation is only temporarily 


committing itself to a university for the 
length of tenure of the post, perhaps 15 
years; for new tenured entrants, the 
commitment is for 40 years and only the 
universities can do that. y 

From this analysis it can be seen that 
temporary posts do not help, except as 
offering some small buffering capacity. 
They can only be created and used 
effectively against future vacancies, and 
unless accompanied by other actions they 
can only worsen the situation. A prolonged 
postdoctoral period can be seen as a 
mechanism which gives the occupants 
several additional opportunities to apply 
for permanent posts as they arise 
annually, This does not help as long as 
the input further back in the system 
provides excessive competition, and the 
difficulties are further compounded by 
the universities choosing younger 
candidates for lectureships because they 
are cheaper than the man with several 
years experience. We have also to tackle 
the question of the number of people 
doing PhD degrees, and this raises a whole 
new set of problems. What is a PhD 
degree for? If it is seen as the first step 
towards a research or academic career, 
and this is the expectation of people 
doing it, then we are producing too many, 
and the numbers should be cut. 
Universities would strongly oppose that 
step, because PhD students provide a 
cheap source of research labour in many 
university science departments. We have 
to look at postgraduate education and 
training as a matter of urgency; it is 
clearly impossible and undersirable for 
every university to have a graduate school 
in every subject, since that puts demands 
on resources that cannot be met. 

The question of the short-term workers 
is only the tip of the iceberg and the 
central problems are deepseated and long 
term. In some way, everybody involved 
needs to be got together to find a 
national solution; and unless this is done 
soon and in a concerted manner I, for 
one, am very nervous about the long 
term future for British science and 
higher education. 

SYDNEY BRENNER 
MRC Laboratory of Molecular Biology, 
Hills Road, Cambridge. 


Little danger from radon 


Sir,—-Recently, Nature reported 
(30 November 1978, page 431) the work 
of Berkeley scientists who have expressed 
concern that reduced ventilation rates 
may increase the hazard from the 
inhalation of the short-lived daughters of 
Rn. This problem has been under 
consideration by the National Radiological 
Protection Board in recent years and we 
think that the conclusions reached by the 
workers at Berkeley should be approached 
with caution. E | 
They based their case on extrapolation 


_ from uranium miners’ medical data. For 
- uranium miners, W. Jacobi (Proceedings 


of NEA Specialist Meeting, Elliot Lake, 
Canada, OECD, Paris pp. 33-38; 1977) 
has estimated 200 excess lung cancer 


deaths among a population with a 
cumulative exposure of 10° Working Level 


Months. (The Working Level Month 


a ge nate eer net 
Table 1 Lung cancer incidence predicted 


due to environmental radon daughter 


exposure 
Winter Mean Lung cancer 
ventilation population cases predicted 

rate exposure per 10° population 

ho WLM y™ per year 

0.8 0.15 30 

6 0.22 44 

0.4 0.28 56 

0.3 0.38 76 

0.2 0.58 116 

0.1 1.15 230 


(WLM) is 170 hours exposure at 1 
Working Level (WL); the Working Level 
is a measure of the concentration of the 
potential alpha energy in air from any 
combination of the short-lived daughters 
of radon. 1 WL=1.3 x 10° MeV m~’). 

A recent survey (Cliff, K. D., Phys. Med. 
Biol. 23, 696-711; 1978) estimated that 
the average population exposure rate 
domestically to radon daughters for 
Great Britain is about 0.15 WLM per year. 

From the above figures it is possible to 
deduce, for the female population of 
Great Britain (assuming a 20 year 
latency period) that inhalation of radon 
daughters has caused more bronchus and 
lung cancer deaths up to the age of 40 
than actually occur from every single 
cause, according to mortality statistics. 
This result shows the danger of applying 
a risk estimate derived from a special 
group to other groups of the population. 
Even if allowance were made for more 
rapid room ventilation in the days of open 
fires, we would still deduce that lung 
cancer incidence among women under 40 
was entirely attributable to radon, and 
that smoking made little contribution— 
an untenable conclusion. 

Isa WLM to a working miner the same, 
from a comparative dosimetry point of 
view, as that to a member of the general 
population? Studies show that, to within a 
factor 2, there is no difference in the 
deposition of radon daughters in the lung. 
In the absence of any other data, apart 
from that for miners, on which to base a 
risk estimate for the general population 
we may use Jacobi’s figure to consider the 
implications of a general reduction in 
ventilation rates during winter. We assume 
a mean ventilation rate in summer 
(5 months) of two room changes per hour 
and that energy conservation efforts will 
not alter this rate. Table 1 shows the 
predicted incidence of lung cancer in the 
population (male and female) of Great 
Britain as the mean. winter (7 months) . 
ventilation rate is reduced. The current 
total lung cancer incidence in Great 
Britain is about 650 per 10° population 
per year. 

It cannot be stressed too strongly that 
such calculations as given in Table 1- 
should be regarded as speculative and 
represent an absolute upper limit to 
possible lung cancer incidence attributable 
to environmental radon daughter 3 
concentrations. K E 

K. D. CLIFF 
. B. L, DAVIES 
> J. A. REISSLAND 
National Radiological Protection ——— 
Board, Harwell, UK 
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Clinical relevance of opiate receptor and 
opioid peptide research 


from Solomon H. Snyder 


Orate receptors’ and the enkephalins, 
their endogenous peptide ligands’, have 
advanced the understanding of numer- 
ous brain functions and provided 
several potential clinical applications. 

The localisation of opiate receptors 
as revealed in the elegent autoradio- 
graphic studies of M., J. Kuhar? has 
clarified the neuronal sites at which 
these drugs exert their pharmacological 
effects. Opiate overdose causes death 
by depressing respiration. High densi- 
ties of opiate receptors in the nucleus 
of the solitary tract, a respiratory reflex 
centre, suggest likely sites of this ac- 
tivity. Opiates constrict the pupils, 
accounting for the ‘pinpoint’ pupils of 
heroin addicts, an effect apparently 
attributable to opiate receptors in the 
pretectal nuclei. Opiate receptor con- 
centrations within the limbic system 
may mediate euphoric effects. If opiate 
receptors vary in drug specificity 
throughout the brain, as suggested by 
pharmacological data‘, novel drugs act- 
ing selectively on individual receptor 
populations might afford selective 
therapeutic advantage. 


Opiate addiction 

The opiate receptors which are highly 
concentrated in the locus coeruleus 
may have direct relevance for treating 
opiate addicts, especially their with- 
drawal symptoms. Though the locus 
coeruleus contains only 1,400 neuronal 
cells, all contain noradrenaline and 
their axons project ubiquitously, pro- 
viding the major adrenergic innervation 
of the central nervous system. Micro- 
injections of opiates selectively inhibit 
firing of locus coeruleus neurones but 
fail to alter the activity of closely 
adjacent cell groups which do not 
possess opiate receptors’. Besides opiate 
receptors, locus coeruleus cells also 
possess a-adrenergic autoreceptors, 
whose stimulation by noradrenaline or 
clonidine, which mimics noradrenaline 
at a-receptors slows their firing’. Mor- 
Solomon H Snyder is Distinguished 
Service Professor of Pharmacology and 
Psychiatry, Departments of Pharmacology 
and Experimental Therapeutics and Psy- 
chiatry and Behavioral Sciences, Johns 


Hopkins University School of Medicine, 
Baltimore. 
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phine tolerance and physical depend- 
ence in rats is accompanied by 
tolerance of the locus coeruleus to the 
slowing effects of opiates but not of 
clonidine’. Opiate withdrawal in these 
rats elicits extremely rapid firing of 
locus coeruleus neurones. 

Drugs which block the a:-adrenergic 
receptors, such as piperoxane and yo- 
himbine, accelerate the firing of locus 
coeruleus neurones and produce sub- 
jective effects of anxiety and agitation 
as well as hypertension in humans. As 
these symptoms resemble opiate with- 
drawal, some abstinence symptoms 
might result from enhanced locus 
coeruleus activity. If this were the case, 
drugs slowing locus coeruleus neuronal 
firing might alleviate opiate with- 
drawal symptoms. Gold et al.’ observed 
a dramatic alleviation of abstinence 
symptoms in human methadone addicts 
treated with clonidine. Thus, clonidine 
or related agents may prove useful 
treatments for opiate withdrawal. Con- 
ceivably, maintenance therapy with 
such drugs would ease the craving of 
addicts for heroin. 


Developing new analgesics 

Simple test tube assays to measure 
opiate receptor binding have greatly 
facilitated the screening of potential 
new opiate-related drugs. More im- 
portant, the discovery that low con- 
centrations of sodium ion selectively 
differentiate the actions of agonists, 
antagonists and mixed agonist~antag- 
onists at opiate receptors may facilitate 
development of potentially less ad- 
dictive opiates*. Sodium ‘weakens’ the 
binding of pure agonists to opiate 
receptors by 15-100-fold, while not 
influencing the binding of pure antag- 
onists at all. Drugs with both agonist 
and antagonist activity are affected in 
an intermediate fashion. Before bio- 
chemical labelling of the opiate 
receptor these mixed agonist-antag- 
onist analgesics, which have reduced 
addictive potential, were difficult to 
detect by tests in intact animals. Opiate 
receptor screening has simplified their 
identification, Until recently, pentazo- 
cine (Talwin) was the only mixed 
agonist~antagonist opiate available 


commercially. Though less addictive 
than conventional opiate agonists, pen- 
tazocine does not relieve severe pain as 
well as does morphine. At therapeutic 
doses pentazocine sometimes elicits 
anxiety, depersonalisation and psycho- 
tomimetic effects. A ‘second genera- 
tion’ of mixed agonist-antagonist 
opiates are now appearing on the 
market. Butorphanol (Stadol), from the 
same benzomorphan class as pentazo- 
cine, is more potent and might con- 
ceivably have fewer psychotomimetic 
effects. Nalbuphine and buprenorphine 
are very promising mixed agonist- 
antagonists which may have even 
greater potential, but are not yet widely = 
enough used to judge their liability to == 
cause addiction. Foes 


Enkephalin analogues e 
Numerous pharmaceutical concerns __ 
have developed enkephalin analogues 
for possible therapeutic uses, hoping- 
that derivatives of such a natural sub- 
stance might be non-addicting. The 
amino acid sequence of Met-enkephalin 
is tyrosine - glycine - glycine - phenylal- 
Leu-enke-- n 


anine-methionine, while : 
phalin differs from Met-enkephalin.. _ 
simply by the substitution of a. 


earboxyl-terminal leucine for meth- 
ionine. Replacement of the glycine 
at position 2 by p-alanine greatly re- 
duces the proteolytic susceptibility of | 
enkephalin. Other modifications in- 
crease receptor affinity, — facilit 
penetration of the blood- brain b 
and enhance absorption , 
gastrointestinal tract. 
Company reported a- 
FK-33824 which differs 
enkephalin only in the- 
glycine-2 with p-alanine 
methylation of - phenylal: 



























dising its. sulphur 0% 
conversion of the car 
binol’. This drug 
potent than en 
into the brain, 
when administer 
orally and has a 
in humans”. T efe 
duced by F 38 
naloxone-reve sible 
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some diabetics given the anti-diabetic 
drug chlorpropamide followed by 
alcohol, implicating enkephalin in the 
pathophysiology of certain types of 
diabetes’. In some animal tests, 
FK-33824 elicits physical dependence, 
but is less ‘addictive’ relative to its 
analgesic activity than are conventional 
opiate agonists (D. Romer, personal 
communication). A possible successor 
to FK-33824 has already been devel- 
oped simply by adding an N-methyl 
group to the tyrosine’. The resultant 
methyl-FK-33824 is five times more 
potent than FK-33824 by subcutaneous 
injection and orally. Its oral form is 
equipotent with morphine. 

The Lilly Pharmaceutical Company 
has developed an enkephalin analogue 
differing from 2-p-alanine-Met-enke- 
phalin simply by methylation of 
methionine’s amino nitrogen and con- 
version of methionine to an amide. 
This agent, LY-127623 sems to have 
similar potency to FK-33824 (refs 13, 
14) when administered parenterally but 
is less active when given by mouth. 

LY-127623 may be less addictive. 
Withdrawal symptoms in morphine- 
addicted rats are much less severe with 
LY-127623 than with other conven- 
tional opiate agonists or mixed agonist- 
antagonists examined. Also, at equi- 
analgesic doses LY-127623 produces 
less respiratory depression than mor- 
phine. In numerous pharmacological 
tests LY-127623 and FK-33824 behave 
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like pure opiate agonists. Thus these 
enkephalin analogues may be unique as 
agents outside the mixed agonist- 
antagonist group with reduced propen- 
sity to cause addiction. The absence 
of direct comparisons between LY- 
127623, FK-33824 and other enkepha- 
lin analogues precludes conclusions 
about their comparative benefits. 
Drugs which inhibit enzymes that 
inactivate endogenous substances are 
often powerful therapeutic agents—for 
example, acetylcholinesterase and 
monoamine oxidase inhibitors. Enke- 
phalin can be degraded by a wide 
range of nonspecific peptidases. 
Recently Malfroy et al.” identified a 
specific ‘enkephalinase’ in brain mem- 
branes. This enzyme has a much 
greater affinity for enkephalin than for 
most other peptides. Its regional dis- 
tribution throughout the brain re- 
sembles that of the opiate receptor. 
Moreover, in rats chronically treated 
with morphine, enkephalinase activity 
increases substantially, while other 
peptidases show no change. Drugs 
which facilitate enkephalin action by 
blocking this enzyme might have 
unique applications extending beyond 
the opiate field. Enkephalinase seems 
closely similar to the angiotensin- 
converting enzyme which transforms 
the inactive angiotensin I to the 
physiologically active angiotensin II”. 
This same enzyme also inactivates 
bradykinin, a peptide which regulates 
inflammation, vascular shock and pain 
perception. Bradykinin has recently 
been localised to specific neuronal sys- 
tems in the brain”. Thus, enkepha- 
linase inhibitors might influence 
bradykinin and angiotensin as well as 
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enkephalin. 

A role for opioid peptides in mental 
illness was suggested by preliminary 
reports of a beneficial effect of the 
pituitary peptide B-endorphin in schizo- 
phrenic and depressed patients and 
reduced auditory hallucinations in 
schizophrenics treated with naloxone’’, 
These findings emerged from uncon- 
trolled studies and await full confirma- 
tion in double-blind placebo-controlled 
experimental designs. Support for 
effects of opioid peptides in schizo- 
phrenia emerges from the positive in- 
fluence of FK-33824 on hallucinations 
and overall mental state in a study of 
eight patients in Denmark” and in six 
schizophrenics in Munich (N. Nedopil 
& E. Ruther, personal communica- 
tion). In the Danish study patients re- 
ceived intramuscular injection of 1, 2 
and 3 mg on three successive days, 
while in the German study 0.5 mg and 
10mg were given in intravenous in- 
fusions on two successive days. Un- 


fortunately, neither of these studies 
was conducted in a double-blind 
fashion. 


One controlled study suggests bene- 
ficial effects in schizophrenia of an 
opioid-related peptide which has no 
opiate activity. [Des-Tyr']-y-endorphin 
comprises amino acids 62-77 of the 
pituitary peptide, @-lipotropin. The 
absence of an N-terminal tyrosine 
abolishes affinity for opiate receptors. 
On the basis of its behavioural effects 
in rats’ [des-Tyr’]-y-endorphin was 
administered to chronic schizo- 
phrenics”. In a double-blind placebo- 
controlled crossover design the peptide 
in daily doses of only 1 mg dramatically 
alleviated schizophrenic symptoms. [3 


Prostacyclin in blood vessel—platelet 
interactions: perspectives and questions 


from Philip Needleman 


BLoop vessels possess the capacity for 
the intrinsic synthesis of vasodilator 
prostaglandins, thereby providing con- 
siderable potential for the local 
regulation of vascular tone’. Prosta- 
cyclin’ or its stable metabolite 6-keto- 
PGF,” is the primary vascular 
prostaglandin produced. As prosta- 
cyclin (PGI) is a potent inhibitor of 
platelet aggregation in vitro’ it thereby 
became a prime candidate for the local 
vascular regulation of thrombotic 
events. 

Isolated blood vessel preparations 
rather inefficiently (<5%) convert 
exogenous arachidonate (by way of the 
enzyme cyclooxygenase) into prosta- 
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glandin endoperoxides. However, the 
prostacyclin synthetase in vascular 
tissue quantitatively (>80%) meta- 
bolises exogenous or endogenous PG 
endoperoxides into PGL. On the other 
hand, platelets possess a very active 
cyclooxygenase which readily cyclises 
arachidonate into endoperoxide which 
is then enzymatically converted into 
the potent aggregator and blood vessel 
constrictor, thromboxane A:s, Bunting 
et alt and Moncada et al.’ found that 
blood vessel segments treated with 
indomethacin (a reversible cyclooxy- 
genase inhibitor) and stirred with 


-platelet-rich plasma, prevented aggre- 


gation in mixing experiments. They 
therefore proposed the hypothesis that 
endoperoxides are released from plate- 
lets during aggregation and are used by 
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the blood vessels to synthesise 
prostacyclin, Such an exchange of 
products simultaneously bypasses the 
inefficient vascular cyclooxygenase and 
deprives the platelets of substrate for 
thromboxane synthesis. An implication 
of such an interaction is that 
thrombosis and vascular tone may be 
mediated or modulated by the local 
balance of the ratio of vascular- 
prostacyclin /platelet-thromboxane. 

An understanding of platelet and 
blood vessel arachidonate metabolism 
and interactions has therefore become 
the focus of considerable research. 
In this issue of Nature (page 66), 
Hornstraa, Haddeman and Don re- 
port data which demonstrate that 
unstimulated or  collagen-activated 
platelets do not seem to release 
endoperoxides which could be used as 
substrate for PGI; synthesis by 
vascular fragments. They also observe 
that indomethacin inhibition of the 
aortic cyclooxygenase was reversible, 
and that intrinsic vascular PGI: was 
the culprit that inhibited the platelets 
in mixing experiments. We recently 
demonstrated? that exogenous [“C]- 
arachidonate added to intact human 
platelets in the presence of blood vessel 
microsomes (as a source of prosta- 
cyclin synthetase), resulted in the 
production of [“%C]-thromboxane B: 
only. PG endoperoxides were released 
from the intact platelets only when 
thromboxane synthesis was inhibited 
by imidazole (an antagonist of throm- 
boxane synthetase in vitro); the blood 
vessel microsomes converted the re- 
leased endoperoxide into PGI. Further- 
more, incubation of unstimulated or 
thrombin-activated human platelets 


which contain [“C]-arachidonate- 
labelled phospholipids, with aspirin- 
treated intact aorta, immediately 


resulted in adhesion. The only cyclised 
arachidonate product of this platelet- 
blood vessel adhesion reaction was 
labelled thromboxane, while no labelled 
6-keto-PGF,, was detectable. However, 
thrombin stimulation of imidazole- 
inhibited platelets resulted in the release 
of platelet-derived labelled PG endo- 
peroxides which were converted to 
labelled PGI. by the vascular prosta- 
cyclin synthetase. Comparable results 
have been obtained by Baenziger er al." 
(Cell in ithe press) who incubated 
cultured human arterial smooth muscle 
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and venous endothelial cells with hu- 
man platelets in the presence of arachi- 
donate and measured PGI, production 
by bioassay (that is, inhibition of 
[*C]-serotonin release from platelets). 
Significant prostacyclin synthesis from 
platelet-derived PG endoperoxides by 
cultured cells pretreated with aspirin 
was observed only when platelet throm- 
boxane synthesis was inhibited. All 
these results mitigate against the at- 
tractive notion that blood vessels derive 
endoperoxide from platelets for sub- 
sequent conversion to PGI; and are 
thereby protected from deposition of 
platelets on vessel walls. Fortunately, 
however, these experiments have un- 
masked a pharmacological strategy 
which may enable one to manipulate 
the platelet~blood vessel interaction to 
improve the local prostacyclin /throm- 
boxane ratio. This might be useful 
therapeutically in thrombosis, coronary 
and cerebral vasospasm and perhaps 
atherosclerosis. Development of a 
thromboxane synthetase inhibitor effec- 
tive in vivo could facilitate the release 
of platelet endoperoxide on which vas- 
cular prostacyclin synthetase could 
then act. As vascular injury initiates 
platelet adhesion and aggregation, a 
thromboxane synthetase inhibitor has 
the potential selectively to generate 
prostacyclin right at the critical site. 

Despite the demonstration of a 
fascinating range of pharmacological 
effects, the physiological and patholo- 
gical role of vascular prostacyclin 
production and its effect on platelet 
function still needs considerable clari- 
fication. For example, it was initially 
suggested that vascular endothelial 
cells were the primary vascular source 
of the anti-thrombotic. PG: and loss 
of endothelium during injury, there- 
fore, favoured local thrombosis. How- 
ever, subendothelial vascular smooth 
muscle readily produces prostacyclin 
under conditions which favour throm- 
bosis’'. It is difficult to reconcile the 
synthesis of PGI, by blood vessels with 
damaged endothelium with the idea 
that PGI is one of the chief deterrents 
of thrombosis. 

Another thought-provoking platelet- 
blood vessel interaction was recently 
reported in Nature by Gryglewski 
et al.” and Moncada et al." Their dis- 
covery suggests that prostacyclin might 
be continuously synthesised by the 
lungs and released as a circulating 
hormone into the arterial blood. How- 
ever, the actual PGI, levels present in 
the arterial blood must be ascertained 
in more physiological circumstances. 
In the above studies the demonstration 
of arterial PGI; levels was in anaesthe- 
tised heparinised animals in which the 
blood was recirculated through a peri- 
staltic pump. By analogy, previous ex- 
perience with intact animals has demon- 
strated that high levels of renal pro- 
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staglandins are produced in anaesthe- 
tised, surgically prepared dogs, whereas 
little if any renal PG production occurs 
in unanaesthetised trained animals. 
Indeed, if PGI: is circulating in high 
enough concentrations to interfere 
with platelet aggregation, then platelet 
cyclic nucleotide concentrations should 
be raised in freshly prepared platelet- 
rich plasma, which is not the case. 
Furthermore, it should be possible to 
demonstrate circulating levels of 6- 
keto-PGF,, (by immunoassay and mass 
spectrometry for example) in blood 
drawn from anaesthetised experimental 
animals or man. The resolution of some 
of these intriguing questions may help 
to clarify the physiological and patho- 
logical role of intrinsic prostacyclin 
synthesis in regulating platelet func- 
tion. i 


Iron storage 
in bacteria 


from Pauline M. Harrison 


Enteric and other bacteria have been 
known for some time to synthesise low 
molecular weight siderophore mole- 
cules cf high iron affinity, which enable 
them to scavenge the iron they require 
from the medium, even when it is 
present in low concentration. The 
bacteriostatic effects of the iron-carrier 
in serum, transferrin, and of similar 
molecules in milk and in egg-white may 
be due to competition by these 
molecules with the siderophores for 
iron. Synthesis of siderophores is 
regulated by negative feedback mech- 
anisms, which shut off their synthesis 
when iron is abundant. The need for a 
means of storing iron in bacteria has 
not been apparent and until recently 
no counterpart has been found of the 
iron-storage molecule, ferritin, which 
occurs in a variety of eukaryotic 
species from fungi to man. Now 
ferritin, or a ferritin-like molecule, has 
been found in several bacterial species. 
The molecule characterised by Stiefel 
and Watt (this issue of Nature page 
81) as a bacterioferritin was first 
isolated from the nitrogen-fixing 
bacterium Azotobacter vinelandii by 
Bulen and coworkers (Biochem. 
biophys. Res. Commun, 54, 1274; 1973) 
who described the molecule as a b-type 
cytochrome containing large amounts 
of non-haem iron and no labile 
sulphide. Stiefel and Watt now show 
that this molecule is not only a haem 
protein, but closely resembles mam- 


malian ferritin in several respects. The 


combination of both types of iron 
within a single molecule is most un- 
usual and is not known in ferritins 
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of higher organisms. To what extent 
then are Stiefel and Watt justified in 
designating their molecule a bacterio- 
ferritin? 

Ferritin from animal or plant 
sources is a molecule of potentially 
high but variable iron content (up to 
at least 30% by weight or over 4,000 
Fe atoms per molecule) held within a 
protein shell. Its iron is in the form 
of ‘micelles’ or microcrystals of 
hydrous-ferric-oxide-phosphate, which 
can be seen in the electron microscope 
without staining or shadowing as 
particles of about 60 A diameter. This 
property of ferritin enables it to be 
recognised within cells and it has been 
used as a marker for other molecules 
tagged to it. It has been shown in 
several species that iron stimulates the 
biosynthesis of ferritin: protein sub- 
units assemble to form shells, which 
accumulate iron. A recent high re- 
solution electron density map of horse 
spleen apoferritin (Banyard, Stammers 
& Harrison Nature 271, 282; 1978) 
shows the molecule as a symmetrical 
assemblage of 24 subunits each of 
18,500 molecular weight with high 
helix content giving an outer diameter 
of 130A. The structures of several 
other crystalline ferritins are very 
similar, but some animal and plant 
ferritins may ‘be larger. Mössbauer 
spectroscopy of horse spleen ferritin 
provides evidence of anti-ferromag- 
netic ordering within the iron cores at 
low temperatures, the ordering tem- 
perature depending on iron content and 
particle size. 

The ‘bacterioferritin-cytochrome’ of 
Stiefel and Watt has an iron content 
of 13-20% by weight, a subunit weight 
of 17,000, a molecular diameter com- 
parable to that of animal ferritin and 
an electron-dense core of 55A. Its 
magnetic susceptibility and tempera- 
ture-dependent Méssbauer spectra 
establish it as containing weakly- 
coupled high-spin Fe’ reminiscent of 
ferritin iron. However, the presence of 
protoporphyrin IX (one per two 
protein subunits) is distinctive and the 
potential required to reduce both 
forms of iron is more negative than 
that for horse spleen ferritin. More- 
over, the bulk of the Fe™ is retained 
inside the molecule on gel filtration, 
whereas it is more readily fost from 
the horse spleen protein, presumably 
diffusing out of the molecule through 
channels in the protein shell seen in 
the electron density maps. Stiefel and 
Watt have considered the possibility 
that their ‘bacterioferritin’ may act as 
an electron store or as a specific iron- 
storage depot for the iron-containing 
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protein nitrogenase. 

At a recent meeting on Proteins of 
Tron Metabolism* Bauminger, Cohen, 
Levy, Ofer and Yariv of the Hebrew 
University, Jerusalem, described evi- 


dence for the presence of a new type 


of iron-storage compound in E. coli 
grown on  ~“Fe-enriched media. 
Mossbauer spectra of packed cells 
showed the presence of high spin Fe™ 
with evidence for magnetic ordering 
below 2.6K. An iron-rich protein, of 


approximately 300,000 molecular 
weight containing electron-dense 
particles was isolated and gave 


Mossbauer spectra similar to those of 
the whole cells, but this soluble protein 
accounted for only about 1% of the 
iron content of the whole cells grown 
on the most iron. These workers con- 
sider the pure protein from E. coli to 
be quite distinct from ferritin. They 
report similar “Fe spectra from Pro- 


teus mirabilis and Mycoplasma 
capricolum. This suggests that the 
requirement for an _ iron-storage 


molecule may be universal. 

A similar molecule may also be 
present as a minor component of a 
freshwater magnetotactic spirillum in 
which most of the iron (1.5% of the 
cell dry weight) is present in chains of 
magnetite crystals (each. about 100 nm 
across), which account for the 
alignment of these organisms in the 
geomagnetic field (Frankel, Blakemore 
& Wolfe Science 203, 1355; 1979). 

It is not yet clear how similar the 
E. coli protein is to that from 
Azotobacter vinelandii, although the 
chromophore in addition to the non- 
haem iron also seems to be present in 
the E. coli protein. Fortunately both 
proteins have been crystallised and the 
results of further structural studies are 
eagerly awaited as well as those of 
biochemical studies which may more 
clearly establish their biological roles 
and their resemblance to and differ- 


ences from ferritin. E 
*Held at Davos, Switzerland on 17-21 April, 1979. 


Errata 


In the article ‘Acetylcholine receptor 
clusters’ (News & Views, 278, 599; 


1979) a line was omitted from the 
second paragraph, third column, page 
599. The sentence beginning on line 12 
of that paragraph should read “After 
the initial stage of cluster formation, 
the appearance of new hot spots in 


the absence of a nerve fibre has not 
been observed on morphologically 
stable muscle cells.” 

In the footnote to the article ‘Mem- 
branes and Parasites’ (News & Views 
277, 12; 1979) it should be noted that 
the Special Programme for Research 
and Training in Tropical Diseases is 
sponsored by The World Bank, The 
United Nations Development Pro- 
gramme and the WHO. 
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Actinide magnetism: 
an extraordinary tale 
from Gillian Gehring 


SOME intriguing experiments on the 
magnetic properties of actinide inter- 
metallics containing uranium have pro- 
duced results which cannot be explained 
by any of the standard theories of 
magnetism. The most anomalous 
material is USb (uranium antimonide) 
which has been extensively studied by 
Lander et al. (Lander et al. Phys. Rev: 
B14, 5035; 1976; Lander et al. Phys. 
Rev. Lett. 40, 523; 1978: Lander et al. 
Phys. Rev. Lett. 42, 260; 1979) but the 
behaviour of UN (uranium nitride) 
which has been studied by Buyers er al. 
(Proc. Int. Symp. on Neutron Inelastic 
Scattering, Vienna, 1978) is similar. 
However, all the materials AnX where 
An is uranium or neptunium and X 
is nitrogen, phosphorus, arsenic, anti- 
mony, sulphur, selenium or tellurium 
have the same or similar magnetic 
phases (Aldred & Lam, The Actinides: 
Electronic Structure and Related 
Properties 1 (eds Freeman & Darby) 
Academic Press, New York, 1974) so 
that it is possible that what has been 
seen in USb and UN is actually char- 
acteristic of a whole class of com- 
pounds and not just due to some 
freakish property. The properties of 
a magnetic material depend on a deli- 
cate balance between various inter- 
actions and it may be that the par- 
ticular combination characteristic of 
the actinides; large spin orbit inter- 
action, variable valance and an ap- 
parent tendency for metallic f electrons 
will call for a totally new theory. 
Studies of the magnetic properties of 
materials have been of great import- 
ance in helping our detailed under- 
standing of solid state phenomena. 
This has been, I think, for two main 
reasons. The magnetic interactions 
which are odd under time reversal, split 
electron degeneracies which cannot be 
removed by any other means so their 
explanation is a very critical test of 
our understanding of a material. Also 
a very wide variety of experiments 
may be done. Above the phase 
transition one can measure the sus- 
ceptibilities of the system to uniform 
or varying magnetic fields; close to the 
transition one sees very pronounced 
fluctuations in the magnetisation which 
may exist over large regions of space 
(that is, involving many crystal sites) 
and decay only slowly with time; at low 
temperatures one may study the 
ordered state and measure the mag- 
netic moment per site as a function of 
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Fig. 1 The magnetic structure of 
USb and UN for a domain with 


2n 
Q = —001] 


temperature and also measure the 
magnetic excitation energies. 

The AnX crystals have cubic, NaCl 
structure; in Fig. 1 the magnetic struc- 
ture for USb and UN is shown. The 
spins are arranged in sheets perpen- 
dicular to one of the crystal axes (z in 
Fig. 1) so that all the spins in a given 
sheet are parallel and adjacent sheets 
are antiparallel; the magnetic moments 
are perpendicular to these planes. The 
moment configuration may be described 
by 


m, = ame? Q= Tto01] 


where Ra is the position vector of the 
uranium site. In an antiferromagnetic 
crystal it is very useful to specify the Q 
vector which characterises the order. 
Above the phase transition the x, y and 
z directions are all equivalent so there 
are three possible Q vectors correspond- 
ing to ferromagnetic planes perpen- 
dicular to the x, y or z direction. 
However, once the planes have been 
chosen the spins are constrained to lie 
parallel to Q. The magnetic moment 
on the uranium site is 2.82 up for USb; 
this is comparable with that of the free 
ion U** (J=°/:) 3.42 ug or U** (J=4) 
of 3.34 ug (Lander et al. op. cit. 1976). 
The magnetic moment distribution on 
the U sites has been shown to be an 
oblate spheroid: that is, flattened in the 
z direction. The transition temperature 
of USb is 241.2 K which is consider- 
ably higher than that of the equivalent 
lanthanide compound NdSb for which 
Tx=13.6K. 

The high temperature and critical 
behaviour of USb and UN have been 
studied by neutron scattering by 
Lander et al. and Buyers et al. Since the 
ordering which is going to occur at low 
temperatures is characterised by Q then 
the system will be expected to show a 
diverging susceptibility to a magnetic 
field which has the same alternating 
spatial dependence, that is 

hiz Ne e'9- Ra 


Such a spatially varying field may be 
provided by scattering a neutron 
through wave vector Q. In such an 
experiment one looks only at one 
domain because the scattering done at 


or near Q= = [001] for example, will 
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arise only from those parts of the 
crystal which are ordering with ferro- 
magnetic planes perpendicular to zZ. 
Above the phase transition the clusters 
of spins which are ordered are small 
and they grow as the transition is ap- 
proached. In both USb and UN the 
aligned clusters are predominantly in 
the planes; the correlation length is 
five times larger in the plane as out of 
it for USb, for UN it is a factor of 
three. This is not unusual in layer 
compounds but USb is cubic so that the 
neighbouring uranium sites out of the 
plane are at the same distance as those 
in the plane. (A very small distortion 
of less than 0.1% does actually occur 
at low temperatures). In addition the 
direction of the spins is also rigidly 
fixed perpendicular to the planes so 
that the system has a negligibly small 
response to a magnetic field which is 
perpendicular to Q. Systems in which 
the moment may only point up or 
down are known as Ising systems; they 
are characterised by a slow relaxation 
time above Ty, as is found in USb and 
UN, and their magnetisation tends to 
zero at Ty like (Tx—T)°*” (in USb the 
exponent was found to be 0.32+.02). 
Again this highly anisotropic behaviour 
has not been observed before in a cubic 
compound. 

The excitation spectrum at low tem- 
peratures is even more anomalous. In 
ordered magnets the elementary ex- 
citations are spin waves. These have 
been seen in systems, such as MnF, or 
NdSb, in which the electrons which are 
responsible for the moment are local- 
ised on the magnetic site, and in 
itinerant ferromagnets such as metallic 
nickel. The form of the excitation and 
the way in which its energy depends 
on wavelength are sketched in Fig. 2 
for two extreme models. In the Ising 
model the angular momentum com- 
ponent in the z direction on one site 
has been reduced by one unit. Although 
this is a localised excitation we may 
consider a linear combination of these 
states with wave vector k but the 
energy will be independent of k. This 
situation arises if the angular momenta 
are constrained so that only the z com- 
ponent may be non-zero. The opposite 
extreme is the Heisenberg model. In 
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Fig. 2 Sketch of the form of the 

excitations in Ising and Heisenberg 

systems with the type of dispersion 
relation—w, versus k plot. 
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Fig. 3 The dispersion curves for USb; 
energy plotted against wave-vector 
transfer Q (in units of 2r/a). The 
dashed lines represent the phonon 
dispersion and are based on the 
measured open points as well as on 
our knowledge of phonons in NaCl 
structures. The magnetic modes are 
represented by solid squares (the 
collective excitation) and the hatched 
arca (excitonic level). (From Lander 
et al, Phys. Rev. Lett. op. cit. 1979). 


this case all the components of angular 
momenta may be allowed to be non- 
zero and an exchange coupling of the 
form J (nm) (Ie + JZ JX) can transfer 
the excitation from site n to m. The 
energies of the excitations vary 
strongly with k. An intermediate case 
will arise if there is some anisotropy 
energy favouring the z direction and 
the excitation spectrum will show some 
dispersion. As the temperature is raised 
many moment deviations occur; the 
effect of this is that the energy of the 
excitations fall (approximately with the 
magnetisation) and they become less 
well defined as they scatter off each 
other. These excitations may be created 
by a transverse time-dependent mag- 
netic field: this is because the operators 
which take state|J, M;>into|J, M; + 1> 
are J*+iJ’. At low temperatures a 
time-dependent magnetic field in the z 
direction has very little effect because 
it cannot create these spin waves. Near 
to Tx there is a diffusive response to a 
time-dependent field h,. This behaviour 
of the transverse and longitudinal ex- 
citations has been observed in essen- 
tially all ionic and metallic magnets. 
The behaviour in USb and UN is 
quite different. Neither crystal shows 
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any response to a transverse magnetic 
field. In USb there is a well-defined 
excitation for T<Tx;. which has a lot 
of dispersion as shown in Fig. 3. Its 
energy increases slightly as the tem- 
perature is raised, it is characteristic 
of a system with equal strengths of 
interactions between sites in and per- 
pendicular to the planes, and it is 
excited only by a field in the z direction. 
In UN there is some evidence of a 
similar excitation but it becomes very 
strongly damped away from the point 
at which it has its minimum energy. 
Incidentally the minimum energy of this 


excitation appears to coincide exactly 
with the zone boundary energy of the 
transverse acoustic phonons in both 
compounds. 

There is no way in which the well 
known theories of localised magnetism 
nor the theories of itinerant magnetism 
which work for the transition metal 
elements and alloys can account for 
these features. Something really new 
will be needed in which the interesting 
but difficult question of localised versus 
itinerant description of electrons will 
be raised again but this time including 
spin orbit coupling as a large effect. © 


Bacterial chemotaxis and protein 


carboxymethylation 
from Gerald L. Hazelbauer 
MoTiLE bacteria migrate along 


chemical gradients toward higher con- 
centrations of some compounds (at- 
tractants) and away from higher con- 
centrations of others (repellents). A 
number of recent studies of the bio- 
chemistry of chemotactic behaviour 
in Escherichia coli and Salmonella 
typhimurium document the central 
importance of carboxymethylation of 
a group of membrane proteins. This 
constitutes significant progress in the 
understanding of the bacterial sensory 
response system and is particularly 
tantalising since protein carboxymethy- 
lation has been detected in a large 
number of mammalian tissues (Kim 
et al. J. Neurochem, 24, 625; 1975; 
Diliberto & Axelrod J. Neurochem. 
26, 1159: 1976) and at least in some 
cases the reaction appears to be cor- 
related with cellular response to 
chemical stimuli (Diliberto et al. Proc. 
natn. Acad, Sci. U.S.A. 73, 4050; 
1976; O’Dea et al. Nature 272, 462; 
1978). 

An E. coli cell swims in straight lines 
punctuated every few seconds by 
episodes of uncoordination, called 
tumbles, that result in new, randomly- 
chosen directions of swimming. A 
change in concentration of an active 
compound over either distance (spatial 
gradient) or time (temporal gradient) 
results in an alteration in tumble 
frequency. Favourable changes supress 
tumbles; unfavourable ones induce 
them. Thus a cell makes net progress 
along a spatial gradient by longer path 
lengths in favourable directions. Co- 
ordinated swimming occurs when the 
left-handed helices of bacterial 
flagella rotate counterclockwise and 
tumbling occurs when they rotate 
clockwise. The sensory system in- 
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fluences migration by controlling the 
direction of flagellar rotation and the 
probability of reversals, Sensitivity to 
active compounds is mediated by 
specific receptors, some of which have 
been identified as particular cell surface 
proteins. 

The bacterial response to a gradient 
is transient. Addition of an attractant 
to a cell suspension results in an 
immediate suppression of all tumbles 
and addition of repellent induces con- 
tinual tumbling. However after a time 
ranging from seconds to several 
minutes, depending on the compound 
and the magnitude of the gradient, the 
cells resume their initial behavioural 
pattern of swimming and tumbling 
even though the attractant or repellent 
is still present. Thus bacteria, like many 
sensory cells in higher organisms, 
adapt. An important body of work 
primarily by Goy, Springer and Adler 
establishes a convincing correlation 
between adaptation and methylation or 
demethylation of the methylaccepting 
chemotaxis proteins (MCPs), polypep- 
tides of approximately 60,000 molecular 
weight that reside in the bacterial 
cytoplasmic membrane (see Goy & 
Springer in Taxis and Behavior (Ed. 
Hazelbauer) Chapman and Hall, 1978 
for a summary of that work). 

MCPs are methylated by donation of 
methyl groups from S-adenosylmeth- 
ionine to form glutamyl 5-methylesters 
(Kleene eft al. J. biol. Chem, 252, 3214: 
1977; Van Der Werf & Koshland /. 
biol. Chem, 252, 2793: 1977). The 
reaction is catalysed by a soluble car- 
boxymethyltransferase apparently speci- 
fic for MCPs (Springer & Koshland 
Proc. natn. Acad. Sci. U.S.A. 74, 533; 
1977). Mutations in che genes generally 
perturb tactic behaviour. In both E. 
coli and S. typhimurium one che gene 
appears to produce the methyl trans- 
ferase and another a demethylase 
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(Stock & Koshland Proc. natn. Acad. 
Sci. U.S.A. 75, 3659; 1978). 

Goy et al. Proc. natn. Acad. Sci. 
U.S.A. 74, 4964; 1977) measured the 
levels of methylation of MCPs during 
tactic behaviour by ŒE. coli. Un- 
stimulated cells exhibit a basal level of 
methylation. On stimulation the extent 
of methylation increases (for favourable 
changes) or decreases (for unfavourable 
changes), over a period that corresponds 
to the adaptation time, to a new level 
which is maintained as long as the 
chemical environment remains un- 
changed. The new level of methylation 
is a function of the magnitude of the 
stimulus. The straightforward inter- 
pretation of these observations is that 
adaptation is the result of methylation. 
That predicts that cells unable to 
methylate MCPs should be unable to 
adapt. Springer et al. (Proc. natn. 
Acad. Sci. U.S.A. '74, 183; 1977) had pre- 
viously shown that methionine-starved 
cells, which should lack the S-adenosyl- 
methionine necessary for methylation, 
do not adapt but that addition of 
exogenous methionine subsequent to 
tactic stimulation allows a delayed 
adaptation to proceed. Recent studies 
of cheX mutants of E. coli by Parkin- 
son and Revello (Cell 18, 1221; 1978) 
and Goy et al. (Cell 15, 1231; 1978) 
demonstrate that cells in which 
methylation of MCPs is defective as 
the result of a mutational block are 
also defective in adaptation. Chex 
mutants exhibit low levels and aberrant 
patterns of MCP methylation in both 
unstimulated and stimulated cells, a 
phenotype consistent with the ,cheX 
product being the methyltransferase 
(Stock & Koshland op. cit.). In a con- 
stant environment the mutants almost 
never tumble but temporal gradients 
of repellents induce tumbling. Using 
cells induced to tumble, both lab- 
oratories showed that temporal 
gradients of attractants suppress 
tumbles. The striking defect in the 
mutants is that they exhibit greatly 
extended adaptation times. In fact 
cheX cells subjected to relatively 
strong stimuli maintain the stimulus- 
induced behaviour of continual tumb- 
ling or exclusively smooth swimming for 
as long as the investigator cares to wait 
(36 h in some cases). It appears that 
cheX mutations do not significantly 
affect the ability of cells to be excited 
by tactic stimuli but only the ability 
to adapt to them. As the authors 
suggest it seems likely that the smooth- 
swimming phenotype of cheX strains 
reflects an inability to adapt to pre- 
viously encountered stimuli rather than 
a defect in the tumbling mechanism 
itself. In any case the observations that 
two independent blocks on methylation 
of MCPs result in the same adaptation- 
defective phenotype provides strong 
evidence that the reaction is central to 
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adaptation. 

In addition it is clear that the 
MCPs are critically important for the 
transduction of tactic signals from 
receptors to the flagellar motor. 
Springer et al. (Proc. natn. Acad Sci. 
U.S.A. 74, 3312; 1977) and Silverman 
and Simon (Proc. natn. Acad. Sci. 
U.S.A. 3317; 1977) both demonstrated 
that two different genes, tsr and tar, 
code for MCPs. Mutations in fsr 
eliminate response to one set of stimuli 
(serine, some other amino acids and 
some repellents) and those in far to a 
complementary set (aspartate, maltose 
and some repellents), Thus excitation 
mediated by one group of receptors 
requires the ssr function and by an- 
other group requires tar. The division 
extends to the methylation reaction. 
tsr-mediated stimuli result primarily in 
methylation of MCP I, the product of 
tsr, and ftar-mediated stimuli cause 
methylation of MCP H. Both sets of 
authors suggest that MCPs I and I 
together accept tactic signals from most 
if not all receptors and thus represent 
the final stage of signal transduction. 

That suggestion may require some 
revision since Kondoh et al. (Proc. natn. 
Acad. Sci. U.S.A. 176, 260; 1979) 
describe an MCP III which is methy- 
lated upon stimulation by galactose, 


ribose or their analogues and is in- 
dependent of tsr and tar. This is parti- 
cularly interesting since the acceptor of 
signals from galactose and ribose 
receptors is thought to be be the 
product of the trg gene. Mutants in 
tre do not respond to gradients of 
ribose or galactose but respond nor- 
mally to other attractants (Ordal & 
Adler J. Bact. 117, 517; 1974; Hazel- 
bauer & Harayama, Cell 16, 617; 1979). 
MCP IHI is not methylated in trg mut- 
ants but it is not yet clear if the trg 
product is the MCP III protein or 
instead is a first-stage transducer that 
funnels into MCP IIL In the latter 
case one might expect to find analo- 
gous first-stage transducers for other 
receptors. The former possibility sug- 
gests that MCP I and H should interact 
directly with the receptors they serve. 

It seems evident that much effort 
will now go into the purification and 
characterisation of MCPs. The proteins 
must interact with receptors or first- 
stage transducers on one hand and with 
the enzymes of methylation and de- 
methylation and perhaps additional che 
products on the other. An understand- 
ing of the mechanisms of signal 
transduction and adaptation will require 
a detailed elucidation of those inter- 
actions. 


News from PETRA and DORIS 


from David J. Miller 


THE new electron—positron storage-ring 
PETRA has now been working for 
about 6 months at the DESY labora- 
tory near Hamburg and the first physics 
results have just been reported. They 
are interesting but not unexpected. 
Three detectors were used, each man- 
ned by a different international col- 
laboration of universities and national 
laboratories. All see the same sorts of 
effects, but with different sensitivities 
(see for example DESY preprint 
79/11 and papers in recent issues of 
Phys. Lett.). Data have been collected 
at total energies of 13 GeV and 17 GeV. 
There is evidence for the increase, as 
energy is increased, of the tendency 
for strongly-interacting particles 
(hadrons) to be produced in a pair of 
‘jets’. A jet is a cluster of particles 
all moving in roughly the same direc- 
tion and all generated, according to 
present theories such as quantum- 
chromodynamics (QCD) (see News & 
Views 277, 349; 1979) by one funda- 
mental parent—a quark or a gluon. In 
QCD the underlying interaction is 
supposed to be between quarks and 
gluons; the quarks behaving like 
particles when within a femtometre of 
each other but needing to convert 
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themselves into pions and other 
genuinely free hadrons when they try 
to separate. Fast gluons are expected 
to form jets in a similar way. As well 
as their clear two-jet structure, the 
PETRA data on the interaction rate 
and on the number of particles pro- 
duced conform to the pattern which 
has been observed at lower energies 
with the SPEAR storage-ring in Cali- 
fornia and up to 10GeV with the 
DORIS rings at DESY. 

All hadron production by electron- 
positron annihilation can still be 
explained by production of pairs of 
quarks and antiquarks from the set u, 
d (the quarks in normal matter such as 
protons or neutrons), s (the strange 
quark), c (the charmed quark) and b 
(the heavy ‘bottom’ quark). Since the 
production process goes by way of a 
single intermediate photon the contri- 
bution due to each type of quark 
depends on the square of its electro- 
magnetic coupling-——-that is, the square 
of its charge. The bottom quark 
appears to have 1/3 times the electron 
charge so it is produced at only one 
quarter of the rate at which the 2/3- 
charge c quark is produced. The 
threshold energy for c anti-c produc- 
tion is about 3.8 GeV. Below that the 
narrow psi-J and psi’ ‘charmonium’ 
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bound-states are seen. Above 3.8 GeV 
there is a significant increase in the 
rate of hadron production. Then, as 
more and more spare energy becomes 
available, the two quarks have to get 
faster and jets are formed. Just below 
10 GeV the pattern seems to be repeat- 
ing the narrow upsilon and upsilon’ 
‘bottomonium’ states being found (see 
News & Views 273, 705; 1978). At the 
new PETRA energies there is just a 
suggestion of extra hadron production 
due to b anti-b production and a slight 
check in the rate of increase of two- 
jet properties, though the underlying 
trend is dominated by the lighter 
quarks with 2/3 charge. The real inter- 
est over the next few months will 
come as energies are increased from 17 
to around 30GeV. Many theorists 
expect a heavy 2/3 charge quark called 
t (‘top’) which should give another 
clear step in the rate of hadron pro- 
duction along with a sudden dilution of 
the two-jet structure. When such 
changes are seen it will be possible to 
search back in energy to the t 
anti-t threshold and then to look for 
psi or upsilon-like ‘toponium’ states 
just below it. 

One of the collaborations at PETRA, 
using the PLUTO detector, has 
reported another important result 
which especially interested physicists 
who visited DESY in the first week of 
April to continue the studies for a 
very high energy European electron- 
positron collider (LEP) (see News & 
Views 278, 482; 1978). The PLUTO 
group has seen 100 events caused by 
the collision of pairs of virtual photons, 
one contributed by the electromagnetic 
field of an electron in the electron- 
beam, the other from the field of a 
positron in the opposed beam. Such 
events are predicted to be much more 
frequent at higher beam energies and 
they may form an unpleasant back- 
ground to the important single photon 
annihilation processes. But they also 
open a new window onto processes 
which have not yet been studied so 
their observation at PETRA will 
encourage those who have been plan- 
ning special experiments to look at 
these reactions. 

The most important recent result 
comes, however, not from PETRA but 
from DORIS. After last year’s 
announcement of their observation of 
the upsilon, the PLUTO group moved 
the detector to PETRA but continued 
to analyse data from DORIS. These 
show that hadron production by way of 
the upsilon seems to be dominated by 
three jets rather than two. This has 
been demonstrated by statistical 
analyses of particle distribution (see 
DESY preprint 78/71) and they have 
now reported an ‘energy-flow’ diagram 
which shows clear signs of three-jet 
structure which they claim cannot be 
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reproduced by any other simple mech- 
anism. Some theorists are hailing this 
result as the proof that gluons exist, 
though many people are not fully 
convinced. 

If the upsilon is produced by way of 
a single photon then it must have 
negative charge-conjugation parity (C- 
parity). Since the upsilon is too light 
to decay to the b-anti-b continuum it 
can only decay to quarks if the weak 
interaction turns a b into a lighter c 
quark, but that is a very slow process. 
In the meantime there is predicted to 
be a high probability that it can decay 
into gluons. But gluons are like 
photons in a number of ways. In 
particular, they also should have 
negative C-parity, so the upsilon can 
only conserve C-parity if it decays to 
an odd number of gluons. Energy- 
momentum conservation forbids decay 
to one gluon and the phase-space 
probability is small for five gluons or 
more. Sceptics claim, correctly, that 
other three-jet models can be con- 
structed, but QCD does predict that 
three gluon jets should be seen and the 
PLUTO results must therefore be 
taken seriously as at least circum- 
stantial evidence for the existence of 
gluons inside hadrons. E 


Ten years after... 
a decade of 
lunar science 


from C. T. Pillinger 


Tue 10th anniversary meeting of the 
Lunar and Planetary Science Con- 
ference* met under the shadow of 
recent budgetary constraints imposed 
by the US Congress. The growing 
‘planetary’ nature of the conference 
was marked; indeed discussion on new 
data from lunar soils has diminished 


substantially from its originally 
dominant position. Data from new 
planetary missions, meteorites and 


studies of fundamental processes on 
the Moon attract more interest from 
today’s planetologist. 

A highlight of the conference was 
the presentation of new results from 
the Viking, Voyager and Pioneer 
missions. A short 3-D film of Mars, 
created from elegant computer tech- 
niques by E. Levinthal (Stanford Uni- 
versity), preceded spectacular close-up 
pictures of Jupiter and the Gallilean 
Satellites, providing exciting new 
venues for geological speculation. The 
volcanic activity on Io, and apparent 
tectonic effects on Ganymede, will no 
doubt provide the basis for much dis- 
cussion at future meetings. The com- 
position of the atmosphere of Venus, 


with its apparently ‘solar’ rare gas 
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abundance (see News & Views 278, 
777; 1979), leads one to speculate as to 
how radically our current ideas of 
planetary formation may have to be 
revised over the next 10 years. 

As pointed out by S. R. Taylor 
(Australian National University, Can- 
berra), 10 years study of the Apollo 
samples has failed to achieve con- 
sensus on the origin of the Moon, 
although considerable constraints can 
be inferred. Existing disagreements 
continued over the criteria for 
estimating siderophile element abun- 
dances indigenous to the highland crust 
and the whole Moon. Delano and 
Ringwood (Canberra) disputed the 
elemental correlations calculated by 
the group of E. Anders (University of 
Chicago). The importance of the 
argument is the validity of the asser- 
tion by Ringwood that the Moon was 
derived from the Earth’s mantle after 
formation of the Earth’s core, as 
opposed to condensation as a discrete 
body. A third position was adopted by 
Wanke et al. (University of Mainz) 
who, on the evidence of Co/(Fe + 
Mg) ratios, favoured a genetic relation- 
ship between the Earth and Moon. 

Continued studies of lunar drill core 
samples have clarified ideas concerning 
reworking and deposition processes in 
the lunar surface layer, known in 
lunar parlance as ‘the regolith’. Soil 
exposure indices have been based on 
a number of irradiation effects and 
petrographic particle size data. How- 


ever, the relative importance of 
erosion compared with deposition 
processes (for example sputtering, 


impact volatilisation and deposition, 
and micrometeorite erosion) continues 
to be the subject of lively debate. 
Wieler ef al. (University of Zurich) 
showed that 0.5 billion year old soils 
had similar solar rare gas ratios to the 
present; no information on the solar 
wind flux in the past was forthcoming, 
although various workers have 
postulated an Increased flux of varying 
isotopic composition in earlier ir- 
radiation. The magnitudes of the 
postulated changes seem to be at 
variance with existing models of solar 


processes. 
Meteoritic studies have benefited 
from techniques developed for the 


lunar programme, and the growth of 
such investigations was evident. The 
Allende meteorite in particular has 
been subjected to intensive study. The 
Caltech group presented a detailed 
study of a new hibonite-rich inclusion 
(HAL); hibonite is considered to be 
one of the highest temperature major 
element condensates from the solar 
nebula. This inclusion consisted of an 
unusually pure hibonite core and 
several rims of lower-temperature 
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phases. Comparison with other 
Allende Ca, Al-rich inchusions implied 


a large Mg anomaly; however, this 


was not found, suggesting a low **Al 
content for HAL. Ca isotope shifts in 
all phases were found to be large but 
uniform, and small nonlinear effects 
attributed to a nuclear origin. HAL 
thus qualifies as a new Allende 
isotopically-anomalous inclusion. Jess- 
berger er al. (University of Heidelberg) 
reported a very high “Ar/**Ar ap- 
parent age of over 5 billion years, 
which can either be interpreted as a 
very old component, or a possible “K 
isotopic enhancement. The latter 
possibility should be resolved by work 
now under way in Mainz. The exis- 
tence of very old inclusions (> 5 
billion years) would imply that either 
these inclusions originated from out- 
side the condensing solar nebula, or 
that the currently accepted age of the 
Solar System of 4.5 billion years needs 
to be re-assessed. 

Strongly nonlinear kinetic isotope 
fractionations of the three stable 
isotopes of oxygen have been produced 
in the laboratory. G. Arrhenius (La 
Jolla) suggested this effect as another 
source of the nonlinear isotopic be- 
haviour, to complement the nu- 
cleosynthetic processes. The latter 
were proposed to explain the original 
discovery of such anomalies in oxygen 
by R. N. Clayton in 1973. 

Recent and previous discoveries of 
isotopic anomalies place constraints on 
possible models of the origin of the 
Solar System. However, considerable 
latitude is still available, as a number 
of apparently contradictory models 
were discussed at length mainly by D. 
D. Clayton (Rice University) and 
A. Cameron (Harvard University). 

An interesting new sample collection 
method, which may be important to 
future research, is the ‘cosmic 
muckrake’ of Brownlee and others. 
Using a magnetic rake dragged across 
the ocean floor, large quantities of 
extraterrestrial material can be re- 
covered. In a typical day’s operation, 
the device processed ~ 10’ kg of 
sediment, and separated about half a 
million particles, many of which were 
identified as extraterrestrial. Debris 
from nearly every type of object which 
has collided with Earth over the past 
10° years might be collected. 

The few contributions mentioned 
outline some promising research 
emerging in planetary science. The 
emphasis on the Moon a decade ago 
has given new impetus to the older 
science of meteoritics; additionally, new 
information from hitherto inaccessible 
objects is now becoming available. [J 
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Games parasites play: how parasites 
evade immune surveillance 


Barry R. Bloom 


Albert Einstein College of Medicine, Bronx, New York 10461 





Parasites have evolved an extraordinary variety of mechanisms for surviving in the face of the natural 
and acquired immune responses of their hosts. A selection of the mechanisms serves to illustrate the 
challenge involved in developing strategies for immunising against parasites. | 3 


reentrant 


THE games parasites play are, in fact, a serious matter (see refs 
1-11 for reviews). It is estimated that between 500 million and 
1,000 million people, primarily in the developing countries, 
suffer from tropical diseases and parasitic infections. Table 1 
indicates current estimates on the prevalence of some parasitic 
diseases. In addition to the diseases of man, millions of cattle die 
of parasitic diseases each year (Table 2) and at least 700 million 
are estimated to be at risk. In Africa alone, 7 million square 
kilometres of grazable land capable of supporting 120 million 
head of cattle remain largely unproductive chiefly because of 
two parasitic diseases—trypanosomiasis and East Coast fever. 

There is currently a resurgence of interest in tropical diseases, 
and in the possibility of providing immunological protection 
against many of them. The challenge to the immunologist, in 
trying to engender resistance or immunity to these parasites, is 
to improve the natural capability of the host's immune system, 
given that the survival of parasites and the extent of their ability 
to live in the host species reflect the fact that they have evolved 
mechanisms for surviving in the face of the best the body has to 
offer in the way of natural and acquired immunity. 

In the simplest of terms, the general ground rules of the game 
may be sketched as follows: If parasites totally eluded the 
immune response and were sufficiently virulent, they would kill 
their hosts on whom their survival depends and preclude their 
own survival. Conversely, if they were too easily destroyed by 
the immune response, their survival would be similarly jeopar- 
dised. Consequently, immunity and escape from surveillance are 
relative phenomena which exist in balance and tension. 

My intention here is to outline some of the mechanisms 
currently put forward to explain escape from surveillance. From 
this rapidly accumulating knowledge there should arise some 
new approaches to the prevention of parasitic diseases. It is to be 
expected that as these approaches are applied, they will be 
recognised by the parasites as selective pressures to be over- 
come, and they will devise even more sophisticated mechanisms 
for eluding the host's immune response. But one may hope that 
the time frame of evolution will be a great deal longer than the 
time frame required to bring most infectious diseases under 
some control. 


Old-time genetic engineering 

In West Africa, there is considerable variability in susceptibility 
among various breeds of cattle to infections produced by Try- 
panosoma congolense. Cattle introduced to Africa from Europe 
during the time of the Roman Empire as well as native zebu 
cattle are highly susceptible to this parasite. Indigenous West 
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African short-horned cattle such as the n’dama and muturu 
seem to be naturally much more resistant'*. This is an example 
of what is generally termed ‘natural immunity’. The spectrum of 
natural immunity is illustrated by the fact that there can be some 
parasites such as Trypanosoma b. brucei and Trypanosoma cruzi 
within a single classification which have enormous host ranges 
and are capable of infecting and growing in virtually all domestic 
mammals; others, such as T. simiae, can produce fulminating 
infection in only a few, apparently unrelated, species such as 
monkeys and pigs; and there: may be others which produce 
infections with more limited host range, such as the exclusive 
infection of cattle by Theileria parva or certain species of 
monkeys by the monkey malaria agent, Plasmodium knowlesi. 
The mechanisms underlying these host restrictions remain 
largely unknown; yet were such mechanisms understood, it 
might be possible to learn much about the parameters which 
govern host—parasite interactions. 

In spite of the current enthusiasm about immune response (Ir) 
genes, in a wide variety of experimental bacterial, viral and 
parasitic infections studies in inbred mouse strains, it has not yet 
been established that natural host resistance is primarily 
dependent on genes associated with the major histocom- 
patibility complex. Within a host species, however, there may be 
striking genetic differences in susceptibility to parasitic 
infection. This is perhaps best illustrated by studies on two 
protozoa that cause quite different diseases in man—Leish- 
mania donovani, the causative agent of visceral leishmaniasis or 
kala-azar and Trypanosoma cruzi, which produces Chagas’ dis- 
ease in Latin America. When various inbred mouse strains were 
studied for susceptibility to L. donovani by Bradley'*, C3H/He 
mice seemed to be most resistant and C57B1/6, most suscep- 
tible. By appropriate crosses it was possible to show that there 
was a single major autosomal dominant gene which controlled 
resistance, and that this gene was not H-2-linked. Studies in our 





Table 1 Some parasitic diseases in man 
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Estimated prevalence 

Hookworm 700,000,000 
Trachoma 400,000,000 
Schistosomiasis 200,000,600 
Malaria 150,000,000 
Filariasis 200,000,000 
Chagas’ disease 12,000,000 
Sleeping sickness Unknown 

Leishmaniasis Unknown 
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laboratory on resistance to T. cruzi in the same strains of mice, 
revealed an almost reciprocal pattern of susceptibility’*. Here 
the C3H is susceptible and the C57B1, relatively resistant. 
Again we have found resistance to be unlinked to H-2. It is 
obviously of great interest to pursue the mechanisms by which 
these major autosomal genes control resistance. In Bradley’s 
studies, there was some evidence that an H-2-linked gene 
exerted a secondary influence on resistance following infection. 
In this regard studies of patterns of the major human histocom- 
patibility complex (HLA) antigens in Sardinia by Piazza et al.” 
showed significant differences in the HLA-B locus antigens 
between inhabitants of the highlands, an area in which malaria 
was essentially non-existent, and of the lowlands, an area in 
which malaria flourished until recently. This suggests that there 
may have been a selection for certain HLA-B-linked, possible Ir 
gene functions by the malarial parasite. 

The converse situation, in which the outcome of infection is 
modified by the genetics of the parasite, is illustrated by three 
extraordinarily different disease entities of man in three 
different parts of the world caused by Leishmania, a genus of 
protozoan parasites which grows exclusively in macrophages in 


man and certain animal reservoir hosts. Leishmania donovani 


causes the systemic, progressive non-healing disease, visceral 
leishmaniasis, known in South Asia as kala-azar: Leishmania 
tropica causes Oriental sore found mostly in the Middle East and 
which is a local, cutaneous, self-healing lesion; and Leishmania 
brasiliensis, which causes mucocutaneous leishmaniasis in 
Central and South America with its most fulminating form 
known as espundia, a disease in which the parasite destroys the 
soft tissue and literally makes its victims faceless. Our lack of 
knowledge about the genetic control of pathogenesis makes it 
impossible to understand how three such different diseases can 
be produced by related organisms that grow in the same cell 
type. Nor why the same organisms inhabiting different host 
species produce different patterns of disease than in man. 


How parasites change their spots: antigenic 
variation 


There is no more striking example of successful adaptation of a 
parasite to the host’s immune response than that exhibited by 
African trypanosomes, which live entirely extracellularly, 
particularly in the blood stream and lymph of ungulates or man 
where they cause sleeping sickness. As long ago as 1907 
Massaglia (see ref. 16) observed that following infection through 
the bite of the tsetse fly, the numbers of parasites in the blood 
fluctuated periodically. He suggested that this succession of 
parasitaemia, remission and recrudescence was due to the 
destruction of trypanosomes by host antibody and the emer- 
gence of parasites of different antigenic constitution. The course 
of these waves of parasitaemia in a single patient described in 
1910 is illustrated in Fig. 1. Human sleeping sickness is caused 
primarily by two subspecies of Trypanosoma brucei, namely 
gambiense and rhodesiense. Each wave of parasitaemia is 
followed by the production of antibodies, generally agglutinins 
or lysins, which are specific for an individual variant, that is the 
antigen type of the previous wave of parasitaemia. Antigenic 
variation has also been described in the genus Plasmodium, 
which causes malaria, and in Babesia, tick-borne parasites 
causing a malaria-like disease. 

What are the possible genetic and regulatory mechanisms 
which could explain antigenic variation? The simplest hypo- 
thesis would be that most infections contain a mixed population 
of parasites comprising several strains, and as the predominant 





Table 2 Some parasitic disease of cattle 





Estimated annual mortality 


African trypanosomiasis 3,000,000 
Anaplasmosis 1,000,000 
East Coast fever 500,000 
Babesiosis 250,000 
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strain grows and is killed, there is simply outgrowth of another 
variant type present in the original inoculum. This hypothesis 
was essentially disproved by experiments in which single try- 
panosomes were cloned and maintained in immunologically 
compromised animals and antigenic variation was not seen. 
When transferred to conventional animals, even though the 
entire population was derived clonally from a single organism, 
antigenic variation emerged'’. 

A second hypothesis invokes mutation, possibly involving 
expression of small determinants in the molecule which are 
immunodominant and which could vary randomly to elude the 
immune response. A mutation frequency of 1.2 107* would 
explain the appearance of variants in a clone at 3—4 day inter- 
vals. But Gray showed that antigens of a clone tend to appear in 
an apparently programmed sequence’®. Thus, display of variant 
antigens A-B-C-D-? appears to be non-random, and passage of 
variants at any stage back through the tsetse fly results in 
reversion to the basic antigenic variant types of the strain. It is 
difficult to explain a programmed sequence on the basis of 
simple random mutation. 

The mechanism believed to be most relevant to African 
trypanosomes is adaptive phenotypic variation, in which the 
parasite has a finite number of genes which can code for its 
surface antigens and which it can switch on and off in regular 
sequence. As gene activation and translocation is one of the 
central problems in molecular biology, the African 
trypanosomes provide an extraordinarily interesting model for 
study. 


No. of trypanosomes x 10? per mm* blood 





Time (weeks) 


Fig. 1 Parasitaemia occurring in a patient with African try- 
panosomiasis. From Vickerman 


What is the nature of the antigens that vary? Cross'®° has 
demonstrated that the outer surface of Trypanosoma b. brucei 
contains a coat or glycocalyx that is composed principally, if not 
exclusively of the variant-specific glycoprotein antigen. This 
antigen has a MW of 67,000, and constitutes 10% of the entire 
cell protein and 30% of the soluble proteins. The variant 
glycoprotein molecules contain between 7 and 17% carbo- 
hydrate attached to the portion of the molecule associated with 
the plasma membrane. About 710° molecules are found 
per trypanosome, a number probably sufficient to cover the 
entire surface of the parasite, and it is possible that this coat, 
which projects 12-15 nm from the plasma membrane, may serve 
as a spacer or barrier sufficient to prevent antibody to common 
membrane antigens from ever reaching the plasma membrane 
and lysing the organism. Amino acid sequencing of the N- 
terminal ends of four isolated purified variant glycoproteins 
revealed essentially no structural homologies. Each had a 
unique sequence, and there was no obvious evidence for 
deletions or frameshifts, thereby apparently eliminating the 
simple mutational hypothesis for antigenic variation. 

Does antibody select or induce the antigenic variants? As 
early as 1909 Ehrlich found that trypanosomes incubated with 
homologous antiserum and then injected into mice produced a 
parasitaemia of a different variant type. As mentioned before, 
passage of clones of trypanosomes or variants in immunologic- 
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ally incompetent animals results in clonal fidelity. Gray”? was 
able to perturb the programmed antigenic succession in the 
rabbit by passively protecting animals against four variants of a 
strain and then challenging with that strain. The rabbits then 
produced antibody to a fifth variant when challenged with the 
original strain. 

It has become possible for the first time to cultivate the 
bloodstream form of the African trypanosomes in vitro” using a 
bovine cell feeder layer, and it is now possible to analyse in vitro 
molecular mechanisms of genetic and regulatory control under- 
lying antigenic variation. Doyle et al.” followed 19 clones of a 
variable antigen type of T. b. brucei in vitro, and, in the absence 
of antibody, observed new variants arising spontaneously in nine 
clones, with a frequency of approximately 10°°~107*. In the 
absence of immunoselection in vitro, the ability to detect variant 
types was related to their ability to outgrow the initial popu- 
lation, suggesting that two mechanisms of selection for variants 
are likely to be operative in vivo, altered growth rates and 
immunoselection, It remains to be established whether antigenic 
variants from a clone occur randomly or not, and whether 
antibodies affect the variation frequency or merely select for 
spontaneously occurring variants. Nevertheless, the high 
frequency of spontaneous variants observed in these in vitro 
studies can be considered to support mutational hypotheses for 
antigenic variation, as the accumulation of large numbers of 
- mutations in the genes coding for surface antigen could lead to 
production of variants of markedly differing surface antigenicity 
and amino acid sequences. 

As another possible mechanism of antigen modulation it is 
important to consider the possibility that parasites can ‘cap’ and 
shed their surface antigens to elude the immune response. Doyle 
et al.** have shown that within minutes after exposure of leish- 
mania to fluorescent antibodies at 37 °C, the parasites shed their 
surface antigens and become refractory to the effects of immune 
sera and complement. It is not known whether capping occurs in 
vivo and represents a significant mechanism for escape of pro- 
tozoa from immune attack. 


Antigenic mimicry and concomitant immunity 


While the term ‘concomitant immunity’ is most familiar in the 
context of a tumour-bearing animal in which an autochthonous 
transplant of the primary tumour is rejected while the primary 
tumour grows progressively to kill the animal, there is a precisely 
analogous phenomenon which occurs during infection with a 
number of parasites. Concomitant immunity” is a form of 
acquired immunity in which the established parasitic infection 
persists long after resistance has developed against a challenge 
infection. In contrast, ‘premunition’ is used to describe the 
situation in which infection is suppressed although not elimi- 
nated by the host”®. 

Concomitant immunity is well documented in schistosomiasis, 
a chronic disease caused by the trematode genus Schistosoma. 
S. mansoni and S. japonicum reside in the portal and mesenteric 
systems and produce a hepatosplenic disease. S$. haematobium 
causes a disease of the urinary tract. Adult schistosome worms 
can reside in the mesenteric venules for many years with little 
evidence to indicate that they stimulate any immune response at 
all. However, if adult schistosome worms are transferred to 
portal veins of monkeys which have never experienced the 
immature migrating forms, the monkeys become capable of 
resisting infection when challenged with the immature larval 
form (cerceria) even though they could not reject the transferred 
adults”. 

How can this type of concomitant immunity be explained? 
One possibility is that the parasite, by natural selection, has 
evolved some antigenic determinants similar or identical to 
those of the host. One difficulty with this hypothesis, at least with 
respect to schistosomes, is that the organism can live in a variety 
of mammalian hosts, and it is unlikely that an organism would 
have evolved major antigens common to all hosts. An alter- 
native hypothesis, originally suggested by Smithers and Terry” 
is that schistosomes adapt to the range of hosts in which they live 
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by appropriating some host molecules onto their surface layer or 
tegument. This has been amply demonstrated for $. mansoni”. 
Worms grown in both mice and gerbils were transferred either to 
normal rhesus monkeys or to monkeys immunised against the 
erythrocytes of mice or gerbils. The adult worms transferred to 
normal monkeys resumed their egg laying and were viable after 
about 5-6 weeks. Adult worms transferred from mice to 
monkeys immunised against mouse erythrocytes failed to est- 
ablish themselves and were killed. But monkeys tmmunised 
against mouse erythrocytes failed to inhibit the growth of adult 
worms grown in gerbils. These experiments suggested that the 
worms grown in mice had acquired mouse antigens on their 
surface, 

In order to explain concomitant immunity, it is necessary to 
argue that the host antigens are acquired by the adult worms but 
are not found on the immature forms, as the immune response of 
the chronically infected host can kill the immature forms. Clegg 
et al.” demonstrated that the most immature form, the cercaria, 
is not killed by the monkeys immunised against mouse eryth- 
rocytes, and hence does not appear to have host antigens, but 
that by 7d the intermediate stage of the parasite, the schisto- 
somulum, has already acquired host antigens. 

What are the host antigens acquired by these organisms? 
Schistosomula cultured with human type A, type B or type O 
erythrocytes have been shown to acquire A, B and H blood 
group antigens respectively on their outer layer*’. Blood group 
Rh or MN determinants are not found on the schistosomula but 
several other host serum proteins have been found. Most exci- 
ting is the recent evidence of Sher et a/.*° that schistosomula can 
acquire mouse histocompatibility antigens, the major deter- 
minants of immunological recognition of ‘self’, and this offers an 
exquisite mechanism for mimicry of ‘self’. Intriguing as these 
data are, there is as yet no conclusive evidence establishing that 
‘mimicry’ is the mechanism primarily responsible for the failure 
of adult worms to be rejected by the host. 


Learning to live in macrophages 


From the time of Metchnikoff, macrophages have been 
described as highly phagocytic scavenger cells capable of killing 
and degrading a wide variety of microbes. Nevertheless a 
number of microorganisms including Mycobacterium tuber- 
culosis, Mycobacterium leprae, and protozoa of such genera as 
Toxoplasma, Besnoitia, Leishmania and Trypanosoma cruzi 
survive and grow inside macrophages for part, or all, of their stay 
in the mammalian host. 

Extracellular particles which are phagocytised by macro- 

phages enter by invagination of the plasma membrane and 
appear in phagocytic vesicles*'. There follows a fusion between 
the phagocytic vesicle and primary lysosomes, known to contain 
degradative enzymes, and probably peroxisomes as well, to form 
secondary lysosomes. In addition, fusion between secondary 
lysosomes and phagocytic vesicles is also known to occur. At 
least three different mechanisms can be defined from studies in 
vitro to account for the ability of parasites to evade killing by the 
macrophage, although the molecular basis for these phenomena 
and their relevance to the survival of parasites in vivo remain 
unclear, 
(1) Failure to fuse: A number of parasites have evolved 
mechanisms to prevent fusion of macrophage lysosomes with 
the phagocytic vesicle containing the invader. Human virulent 
tuberculosis grows in vesicles within macrophages, but these fail 
to fuse with lysosomes’’. Fusion can be induced by opsonisation 
(coating viable mycobacteria with antibody) but the organism 
retains its viability’’. 

A very similar pattern has been recorded for Toxoplasma 
gondii’. Once again, viable organisms were readily ingested by 
macrophages in vitro, but there was a failure of lysosomes, for 
example secondary lysosomes labelled with Thorotrast, to fuse 


` with the phagocytic vesicle. Opsonisation of the parasite with 


antibody permitted fusion of secondary lysosomes with the 
phagocytic vesicle. In this case, the effect of antibody is to 
facilitate killing of the Toxoplasma. The mechanisms by which 
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the living parasites are able to block lysosomal fusion in host 
cells remain largely unknown, 

(2) Resistance to killing: As mentioned above, when M. 
tuberculosis is opsonised, lysosomal fusion occurs, but the 
mycobacteria are perfectly capable of surviving within the 
lysosome. M. lepramurium also grows in vesicles which fuse 
avidly with primary and secondary lysosomes even without 
opsonisation’*. Similarly, leishmania grow exclusively in 
macrophages, and survive and multiply in lysosomes even after 
fusion has occurred”’. 

A subtle example of survival in macrophage lysosomes is 
provided by two species of Leishmania. L. enrietti produces a 
disease similar to human cutaneous leishmaniasis or Oriental 
sore in the guinea pig; L. tropica produces a similar disease in 
some strains of mice. When macrophages from mice sensitised 
to L. enrietti were activated and then challenged in vitro, Mauel 
and Behin*® found them to be resistant to L. enrietti. However, 
when similar procedures were used for activating guinea pig 
macrophages, L. enrietti was not killed. In contrast, activated 
guinea pig macrophages were highly resistant to L. tropica, but 
failed to resist challenge with L. enrietti. Thus, these leishmanias 
have developed quite specific, but unknown, mechanisms for 
eluding the destructive capability of macrophages from the 
species which they normally infect, while being susceptible to 
the killing mechanisms of activated macrophages from animal 
species which are resistant to infection by them. An elegant 
control in these experiments was the simultaneous infection of 
activated guinea pig macrophages with L. enrietti and Listeria 
monocytogenes, to ascertain whether the leishmanias survived 
by nonspecifically blocking the macrophage  cytocidal 
mechanisms”. The results obtained were surprising in that, in 
the same phagosomes, listeria were killed but the leishmanias 
survived. Thus, there is an extraordinary selectivity in the 
evolution of resistance to macrophage killing by Leishmania. 
(3) Escape from the lysosomes: In studies on the interaction of 
Trypanosoma cruzi with normal and activated murine macro- 
phages***° it was observed that within 2h virtually all try- 
panosomes were in phagocytic vesicles, and that lysosomal 
fusion almost invariably occurred (Fig. 2b). Resident unstimu- 
lated peritoneal macrophages were as effective as BCG- 
activated macrophages in killing and degrading a high propor- 
tion of the infecting organisms within the first 24 h. However, 
when infected cultures were examined at 72-96 h, a remarkable 
picture was seen. Resident macrophages were found to have 
large numbers of trypanosomes growing within the cytoplasm, 
and when the Thorotrast labelling technique was used, virtually 
none of these parasites could be found in a vesicle containing the 
lysosomal marker (Fig. 2c). They appeared to be able to escape 
from their precarious state within the lysosome, and take up 
residence in the cytoplasm, where the macrophage has no 
specialised mechanism for killing foreign invaders. In contrast, 
by 3-4 d after infection, macrophages nonspecifically activated 
by BCG had essentially killed and degraded virtually all of the 
parasites; only debris was seen (Fig. 2d). Recently, Noguiera 
and Cohn*' have been able to activate resident mouse macro- 
phages in vitro to kill T. cruzi using products of activated 
lymphocytes. 


Jamming the immune response 


One of the intuitively obvious adaptive mechanisms by which 
parasites could elude the normal host response would be by 
suppressing the immune response itself. Several organisms are 
known to use this method. For example, immunosuppression 
has been reported in hamsters infected with Leishmania dono- 
vani*”, mice infected with Toxoplasma gondii** and rats infected 
with roundworm, Nippostrongylus brasiliensis**. However, by 
far the most impressive and clinically important instances of the 
immune suppression of the host response occur in African 
trypanosomiasis***’, malaria** and kala-azar. In human 
sleeping sickness and malaria, elevated levels of IgM are 
characteristic, on occasion rising to 5 g per 100 ml*”. In spite of 
extraordinarily high levels of IgM, 5% or less of these immuno- 
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Fig. 2 a, Normal mouse peritoneal macrophages infected with 
epimastigotes of T. cruzi at a ratio of 1:1 after 2h. Note that 
parasites are in the process of being digested (arrow). x 2,500. b, 
BCG-activated macrophage infected with T. cruzi at a ratio of 
10: 1 after2 h. Thorium dioxide is seen in secondary lysosomes and 
fusion with parasite-containing vacuole (arrow). 2,500. c, 
Normal mouse peritoneal macrophage at a 1: 1 infection ratio after 
96 h. Trypanosomes are present in cytoplasm where division has 
begun to occur (arrow). There is no evidence of lysosomal fusion. 
x 4,000. d, BCG-activated mouse peritoneal macrophage after 
192h of infection with T. cruzi. There is no evidence of try- 
panosomes and some evidence of secondary lysosomes. X 2,000. 


globulins have been found to react specifically with antigens of 
Plasmodium falciparum or Trypanosoma gambiense, the 
parasites responsible for malaria and sleeping sickness in West 
Africa*’. In both diseases the responses of patients to salmonella 
antigens and tetanus toxoid, and animals to sheep erythrocytes 
(SRBC), are markedly reduced**. In this paradoxical situation 
there is a heightened production of antibodies to the parasites 
with depressed humoral immunity to other antigens. 

Several animal models have been developed to probe the 
mechanisms of this type of immunosuppression. For example, 
mice infected acutely or chronically with Plasmodium berghei 
malaria show a marked depression in development of antibody 
producing cells to SRBC in the Jerne plaque assay, the effect 
being more pronounced on the IgG plaques**. Even more 
striking suppression is seen in mice infected with Trypanosoma 
b. brucei*’. Perhaps even more impressive than the suppression 
of antibody production is the marked increase in the background 
of antibody plaque forming cells to SRBC, generally at least a 
log higher in infected than in uninfected animals. Thus, infection 
with plasmodia or trypanosomes causes a marked increase in the 
background antibody forming cells not only to SRBC but also to 
donkey, horse or TNP-coupled SRBC. The high background 
and lack of specificity are strongly reminiscent of the ob- 
servations made on mouse spleens treated 1-2d_ before 
immunisation with a polyclonal mitogen, such as endotoxin 
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(lipopolysaccharide, LPS)*°. There is an increase in immuno- 
globulin, an increase in polyclonal antibodies which account for 
the background, and a diminution in specific plaque-forming 
cells. These experiments suggest that one mechanism for induc- 
ing immunosuppression is a polyclonal mitogenic activity of the 
malaria and trypanosome parasites*’ causing many clones of B 
lymphocytes to undergo division and differentiation. Clearly 
Other mechanisms, such as suppression by T cells, may be 
operative as well’. 

Observations on the immunosuppression by parasites have 
implications beyond the survival of the specific parasite. It is well 
known that patients with sleeping sickness have an increased 
susceptibility to secondary bacterial infections, a problem 
recognised in some of the earliest studies on the disease. 
Children in the tropics with acute falciparum malaria also have 
high rates of bacterial infection; although it must be noted that 
many also have other parasitic infections, and frequently, pro- 
tein calorie malnutrition and avitaminosis as well. Nevertheless, 
antibody responses in children to tetanus toxoid from villages 
where malaria prophylaxis is carried out are higher than those 
from comparable villages where malaria infection is frequent*®. 
Furthermore it may not be coincidental that Burkitt's 
lymphoma” occurs mainly in geographical areas coincident with 
holoendemic malaria. It is not inconceivable that the malaria- 
induced immunosuppression could provide a favourable 
environment for development of lymphoma viruses. This 
possibility has received some experimental confirmation from 
the studies of Wedderburn in mice in which the incidence of 
lymphomas in mice infected with both malaria and murine 
leukaemia virus was dramatically higher than those receiving the 
virus alone*’. 


Subversion of the immune system 


While the above examples illustrate the ability of parasites to 
evade the immune system, there are at least two fascinating 
examples in which the immune system may be requisite for 
survival of the parasite. Babesia and Theileria species are 
protozoan blood parasites transmitted by ticks that can infect 
mammalian hosts. Babesia produces a malaria-like disease in 
cattle all over the world and Theileria parva causes a disease 
known as East Coast fever which affects cattle primarily in East 
Africa. Babesia Spp. occasionally produce disease in humans. 

It has recently been found that Babesia seems to require 
complement activation in order to penetrate the erythrocyte in 
which it grows. C3 or CS deficient mice or mice treated with 
cobra venom are protected from infection”. 

Unquestionably, the most fascinating case of subversion of 
the immune system is that of Theileria species. These parasites 
enter lymphocytes and transform them into proliferating 
lymphoblastoid cells***°. The intracellular parasite, in its large 
form called the macroschizont, divides by binary fission, and 
increases in number 10-fold every 3d until almost all the 
lymphoid cells are parasitised*’. During this process there is a 
marked lymphocytosis resembling the uncontrolled growth of a 
leukaemia or lymphoma. From about the tenth day of infection, 
increasing numbers of the macroschizonts break apart into a 
large number of microschizonts. In the process, host lympho- 
cytes are destroyed and smail infectious particles termed 
micromerozoites are released and invade red cells. There the 
parasite develops an intra-erythrocytic stage, after which there 
is a depletion of leukocytes and haematopoietic cells leading to 
death. In enzootic areas in East Africa, 40% of the calf crop may 
die from East Coast fever. 

The most extraordinary aspect is that when lymphoblasts 
obtained from cattle infected with Theileria are put into tissue 
culture, they develop into continuously growing lymphoblastoid 
cell lines with clonal replication of both parasites and cells**. 
Sporozoites from thé tick will transform normal bovine 
lymphocytes in vitro, thus Theileria species seem to be the only 
parasite other than oncogenic viruses capable of transforming 
lymphocytes into continuous growth. 
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Sceptics may argue that it is unlikely for a protozoan to induce 
neoplastic transformation of lymphoid cells, and that the 
parasite may be carrying an oncogenic virus. Yet it has recently 
been possible to cure the lymphoblastoid cells of the parasite 
using drugs™“” and they revert to small lymphocytes and stop 
growing. In any case, the continuous, persistently infected 
bovine lymphoblastoid cell lines, when transferred back to 
susceptible cattle, can engender protection to infection with 
Theileria parva or Theileria annulata in more than 80% of the 
instances“, and offer the possibility of a vaccine. 


Commentary 


Several important new programmes in research in parasitic 
diseases have been initiated since 1976, prompted by increased 
awareness of the urgent health needs of developing countries 
and a commitment that basic biomedical research can provide 
new means for intervening in at least some of these diseases. 
Among these initiatives are the UNDP/World Bank/WHO 
Special Programme for Research and Training in Tropical Dis- 
eases, the Great Neglected Diseases Program of the Rockefeller 
Foundation and the establishment of the International Lab- 
oratory for Research in Animal Diseases in Nairobi. 

Is there any reason to believe, in light of the subtle and 
sophisticated ways by which parasites elude immunological 
attack, that immunological approaches offer any promise? The 
tremendous advances in understanding basic cellular and 
humoral immune responses in model systems provide a basis for 
analysis of the mechanisms of natural and acquired resistance to 
parasites. The recent development of techniques to produce 
monoclonal antibodies by means of B-cell-myeloma hybrids 
(hybridomas) offers the possibility of identifying antigenic 
determinants, even minor ones, required for engendering resis- 
tance to infectious agents. Even if such protective antigens 
cannot be obtained in large amounts by cultivation of the 
parasites, as is the case for the blood form of the malaria parasite 
infectious for red cells or the common, non-varying metacyclic 
antigen found only on the insect form of the African try- 
panosomes, the monoclonal antibodies, together with recom- 
binant DNA technology, could be useful for selecting clones of 
transformed Escherichia coli or yeast expressing the protective 
antigens of parasites which could be used in vaccines. Finally, 
the recent developments in soluble and liposome adjuvents offer 
increased possibilities for safe and effective enhancement of 
immune responses in man. 

As in other areas in which basic scientific approaches are 
applied to disease-related problems, the study of immunity to 
parasites may provide a new and fundamental knowledge of far 
wider application than merely to the organisms or disease 
initially studied. In the early 1940s there was a major effort at 
the Rockefeller Institute to develop a vaccine against pneumo- 
coccal pneumonia. While Avery and his collaborators did not 
succeed in producing an effective vaccine, they did discover 
during these studies that DNA was the chemical basis of her- 
edity®’. Science too may have its parables. 

I thank Ms Yvonne Kress for providing the electron micro- 
graphs, and Drs L. Miller, J. Remington, M. Rifkin, M. P. 
Cunningham, J. Doyle and C. G. D. Brown for helpful dis- 
cussions. I am indebted to Drs Herbert Tanowitz and Murray 
Wittner for involving me in the world of parasites and for many 
stimulating discussions. 
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Magnetostratigraphy, biostratigraphy and 
geochronology of Cretaceous—Tertiary 
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Integrated magnetostratigraphic and biostratigraphic data 
for continental Cretaceous-Tertiary boundary sediments in 
Alberta allow a correlation with recognised sea floor 
magnetic anomalies 29 and 30. When compared with data 
from the marine Gubbio section in Italy, the correlation 
indicates that extinction of the dinosaurs on land was 
synchronous with foraminiferal extinctions in the sea which 
are equated with the Çretaceous-Tertiary boundary. We 
advocate that the base of anomaly 29 be tentatively accep- 
ted as the best worldwide physical approximation of the 
Cretaceous-Tertiary boundary. Eleven K-Ar dates on 
bentonite sanidines near this boundary yield a mean age of 
63.1 + 0.520) Myr. 


THE applicability of geomagnetic polarity reversals to world- ~ 


wide stratigraphic correlation of sedimentary rocks has become 
accepted in the past few years. Interest in this application of 
‘magnetostratigraphy’ is shown by the number of recent papers 
presenting slightly different polarity scales for the Mesozoic and 
Cainozoic'™, Limitation of the accuracy of these scales is largely 
due to the scarcity of good radiometric dates. 

The global demarcation of boundaries between major geo- 
logical time units is very important. The Mesozoic—Cainozoic 
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boundary has caused a good deal of interest because of the 
evidence of worldwide extinctions and rapid evolutionary rates 
at this time. The organisms affected ranged from the largest to 
some of the smallest of the marine fauna (marine reptiles, 
ammonites, Foraminifera), and also included the largest 
continental animals, the dinosaurs, as well as some land flora. 
The search for causes of such widespread biotic changes has 
brought to light a large number of plausible explanations*. The 
choice between sudden catastrophic extraterrestrial events 
(supernovae), and somewhat slower terrestrial processes (global 
climatic changes), is hampered by the lack of sufficiently 
accurate and universally applicable chronological data on the 
contemporaneity of marine and continental extinctions. Cor- 
relation of the geomagnetic polarity reversals recorded in sedi- 
mentary rocks can provide the necessary accuracy on a world- 
wide scale. Two notable studies have been reported; one on a 
marine section near Gubbio, Italy*®, the other on a continental 
section in the San Juan Basin of New Mexico, US”". 

Accurate geochronology of the Cretaceous—Tertiary boun- 
dary is difficult because of a lack of explosive volcanicity in those 
parts of the world which were accumulating a record of fine- 
grained sedimentary deposits at this time. One of a few places 
where such volcanicity was prevalent, producing isotopically 
datable volcanic bentonites and tuffs, is the northwestern US 
and western Canada. This area was a swampy coastal plain 
flanking the western shore of a late Cretaceous mid-continental 
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Fig. 1 Biostratigraphy, magnetostratigraphy and geochronology 
of the upper part of the Edmonton Group, Red Deer Valley, 
Alberta, B., Battle; W., Whitemud; H. C., Horseshoe Canyon; A., 
Ardley; N, Nevis; K.T., Kneehills Tuff; T, Thompson; C, Carbon. 
Cross-hatching denotes normal polarity intervals; dashed boun- 
daries are more tentative than the solid line boundaries. 


epeiric seaway with an active volcanic area further to the west. 
On this fluvial~deltaic lowland lived two of the greatest and the 
last of the dinosaurs, Tyrannosaurus and Triceratops. 

We report here a study of geomagnetic polarity and K~Ar 
dating compared with dinosaur occurrences and recently pub- 
lished palynologic studies, carried out on an essentially con- 
formable sequence of mudstones, sandstones, coals and volcanic 
ashes which encompasses the Cretaceous—Tertiary boundary. 
One aim of such a study is to obtain reliable dates from a section 
in which particular sea floor magnetic anomalies can be recog- 
nised, to provide data needed for improved temporal calibration 
of the older part of the marine sea floor anomaly sequence. 


Stratigraphy and palaeontology 


The Red Deer Valley of south-central Alberta has long been 
known as a prime collecting area for late Cretaceous dinosaurs’; 
more recently it has been looked at by geochronologists'° and 
palynologists''"'®. The 100-m deep valley exposes within a 
distance of about 50 km the entire thickness (some 350 m) of the 
largely Maestrichtian Edmonton Group of nearly flat-lying 
fluvial—deltaic sediments (Fig. 1). 

Detailed magnetostratigraphic analysis has been carried out 
on the upper 135m of the Edmonton Group, concentrating 
particularly on the interval near the Cretaceous—Tertiary 
boundary as defined by a sudden major palynofloral change a 
few metres above the highest occurrence of dinosaur remains. 
The palynofloral change includes the abrupt disappearance of all 
species of Aquilapollenites (at least 10) except A. spinulosus, as 
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well as the disappearance of Wodehouseia spinata, Cranwellia 
striata, Proteacidites sp., and others. They are replaced by such 
species as Wodehouseia fimbriata, Alnus trina and Carpinus 
subtriangula’*. An essentially identical palynofioral change 
takes place in Montana, Wyoming and the Dakotas at the Hell 
Creek (Lance)-Fort Union formational contact'*’*. In this 
region the microfloral change also takes place a few metres 
above the highest occurrence of dinosaur bones, notably Tri- 
ceratops. 

In the Red Deer Valley of Alberta the palynomorphic break 
occurs within a 2-m interval centred 1.5m above a 20cm 
bentonite near the top of the Nevis Coal seam. The strati- 
graphically highest known dinosaur remains still in place in the 
Red Deer Valley area are part of a scattered skeleton of a large 
carnivorous dinosaur in Sec. 10, Tp. 34, Rge. 22 West of the 4th 
Mer. This is the specimen first located by C.M. Sternberg in 
1946 and recorded in his field notes as a scattered and broken 
skeleton of ? Tyrannosaurus. He collected part of a skull of a 
Triceratops recorded as occurring 20 feet higher and about 200 
yards north of the tyrannosaurid. These specimens have been 
more recently classified as cf. Tyrannosaurus rex and Triceratops 
albertensis, respectively’” 

The elevation of the Tyrannosaurus skelton was apparently 
determined by Sternberg’s party with an aneroid barometer, and 
the stratigraphic position determined by fitting this elevation 
into a more completely exposed section about 1 km to the south. 
Unfortunately, an error must have been made and the skeletons 
were inadvertently placed too high (stratigraphically) with 
respect to the Kneehills Tuff and the Ardley Coal seam. The 
portion of the tyrannosaurid which is still in place has been 
relocated and its stratigraphic position redetermined by one of 
us (J.L.). It lies 10.5 m below the top of the Nevis Coal seam. 
One assumes that the 20 feet stratigraphic separation between 
the two skeletons recorded by Sternberg is approximately cor- 
rect inasmuch as the two sites are very close. The Triceratops is 
thus placed ~4.5m below the Nevis Coal and 6 m below the 
Cretaceous—Tertiary palynomorph break. This Triceratops skull 
position is still the highest that we know to have been recorded in 
Canada. 

In the Hell Creek Formation type area in east-central 
Montana at least three Triceratops skeletons have been re- 
covered from an interval reported to be 9-17 m below the top of 
the Hell Creek Formation’*. In the same area, two of us (J.L. 
and H.B.) found unreworked dinosaur bones within 4 m of the 
base of the Z coal which marks the palynofloral change and the 
Hell Creek—Fort Union contact. The position of the highest 
dinosaur bones in the type area of the Lance Formation in 
south-east Wyoming is shown to be about 3 m below the same 
palynomorphic change at a lignite taken to mark the base of the 
Fort Union Formation” 


K-Ar geochronology 


The portion of the stratigraphic succession near the sudden 
palynofloral change contains pyroclastic bentonite beds suitable 
for uncontaminated sampling. Four bentonite horizons (+17.5, 
+17, +11 and —1m from the palynofioral change) yielded 
transparent, unaltered sanidine of the requisite amount and 
purity for precise K-Ar dating. Duplicate bentonite samples 
were taken of three of the beds, and the sanidine separates were 
further split into two grain sizes to check on analytical 
reproducibility. Heavy liquid and magnetic separation pro- 
cedures, followed by hand picking, enabled sanidine separates 
of at least 99.5% purity to be obtained. 

Argon was extracted from the samples by flux—fusion in 
vacuo, mixed with pure **Ar isotope dilutant and purified by hot 
sponge titanium. Ar isotopic analysis was carried out on a 
Micro-Mass 6 gas mass spectrometer operating in the dynamic 
mode. Mass discrimination was determined by measurement of 
pure air argon in sequence with the Ar determinations in 
identical analytical conditions. Potassium was determined by 
isotope dilution using 99 + % enriched *'K as the tracer. Decay 
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Table 1 Analytical results from K-Ar dating of bentonite sanidine 








Sample, elevation (m), ke “Ar rad x100 Date* 
mesh size (p.p.m.) *°Ar total 40 Ar/K (Myr) 
73-1(17.5) +150 10.97 97.6 0.003726 63.0 
73-1(17.5) —150 9.68 96.3 0.003723 63.0 
75-102(17.5) -80 +120 11.03 96.5 0.003745 63.3 
75-100(17) —80 +120 10.82 94.8 0.003740 63.2 
75-100(17) —120+ 170 9.88 95.7 0.003710 62.8 
75-104A(11)-804+120 11.44 96.1 0.003725 63.0 
75-104A(11) -120+170 11.24 98.2 0.003704 62.7 

(0) Palynofioral Cretaceous~Tertiary boundary 

74-1(—1) ~80+ 120 11.46 97.8 ` 0.003726 63.0 
74-1(-1) ~120+170 11.54 97.5 0.003744 63.3 
75-400(—1) —80 + 120 11.57 96.7 0.003753 63.5 
75-400(—1) -120+170 11.34 96.0 0.003753 63.5 

* Constants: used: Ag = 4.962 x 107'° yr™!; A, = 0.581 x 107'° yr; 


39K = 93,2581 at.%: K = 0.01167 at.%: dee 6.7302 at.%. 


constants for “°K and natural potassium abundances used in 
computations are those recommended by Steiger and Jager’®. 

The analytical results are given in Table 1. Using 68 Myr for 
the age of the base of the Edmonton Group’’, the average rate 
of sedimentation for the Group is about 65 m per Myr; thus the 
upper bentonite horizons dated should differ in age from the 
lower horizon by about 0.25 Myr. This span is within the overall 
error of the K-Ar determinations, and the dates are averaged to 
give 63.1+0.5(20) Myr. Taking into account 20 errors (pre- 
cision) in the K-determination (+0.8%), the Ar-determination 
(+0.6%), the **Ar-spike volumes (+0.4%) and the decay 
constants (+1.7%), the K-Ar date for the horizon of 
palynofloral change in the Red Deer section is 63+2 Myr. 
Considering indeterminant sources of error, such as sample 
quality and analytical manipulations, the +2 Myr should prob- 
ably be at least +3 Myr. 

Careful optical assessment of sample purity showed essen- 
tially equal purity for fine- and coarse-grained splits of the 
sanidine samples. Yet the K content (see Table 1) is invariably 
lower for the fine-grained fraction. The fine-grained fraction 
may be naturally lower in potassium, but the possibility of 
undetectable lower-K ‘contamination’ remains. 
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Palaeomagnetic data 


Approximately 600 samples were collected from some 170 
stratigraphic levels (sites) covering 135 m of section. Normally 
three or four samples were taken at each site, occasionally more: 
Although the average vertical spacing is thus about 1 m, it varies 
from 3 m to 10 cm. Closer spacings are associated with polarity 
boundary levels, and were obtained after examination of preli- 
minary samples. Samples are one-inch cylinders obtained by 
percussion coring. 

The great majority of the remanence measurements were 
made with a Digico ‘complete results’ magnetometer, but a 
Schonstedt SM1 magnetometer was used for a few early 
measurements. Apart from the Kneehills Tuff and one other 
volcanic tuff bed, intensities of magnetisation were weak-— 
generally below 1.0x10~°e.m.u.cm™*. Routine alternating- 
field (a.f.) demagnetisation was carried out using the apparatus 
as described by McElhinny’*, Completely standardised demag- 
netisation steps were not used as the material was variable, but 
peak fields of 75 and 100 Oe were most commonly used. Direc- 
tional behaviour during progressive magnetic cleaning was 
highly variable, some specimens being relatively stable and 
others exhibiting large erratic angular changes. The least stable 
samples were eliminated by rejecting those associated with 
dé dH >0.5° Oe, which reduces the data set to 455. The 
remaining remanence vectors represent 155 stratigraphic 
horizons and have been analysed as follows. The virtual 
geomagnetic pole (VGP) corresponding to each direction was 
calculated and compared to the well-established Upper 
Cretaceous—Lower Tertiary palaeomagnetic pole for North 
America (80-40 Myr, 186°E, 73°N, N=11, k~51, ags=6° 
(ref. 19). The angular differences between this pole and each 
VGP are here called ‘polar angles’ and are represented in Fig. 2 
by the cosine of the polar angle. 

Even after rejecting the most unstable material, considerable 
scatter remains. However, this scatter is not simply random 
noise—it is evident from Fig. 2 that a stratigraphic zonation 
exists. We argue that the profile represents a sequence of normal 
and reversed magnetozones but that secondary magnetic 
components acquired during the Brunhes epoch mask, to vary- 
ing degree, the primary remanence of the reversely magnetised 
strata. An identical situation was recently described by Hill- 
house et al.”°. We adopt a modified version of their procedure 
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Fig.2 Magnetostratigraphy of the upper part of the Edmonton Group, and proposed correlation with sea floor magnetic anomalies (Kneehills — 
Tuff is stratigraphic datum as in Fig. 1). See text for geomagnetic polarity assignment procedure. R, reversed; I, indeterminate; N, normal; 
RDV, Red Deer Valley; SF, sea floor. 
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for assigning polarity, namely: if all the VGPs at a given site have 
polar angles less than 60° the site is regarded as normal. If at 
least one VGP at a site has a polar angle greater than 120° the 
site is reversed. All other sites are regarded as indeterminate. 
Hillhouse et al. point out that these rules deliberately seek out 
reversed horizons and this is consistent with the hypothesis that 
these zones tend to be eliminated by recent magnetic overprint- 
ing. Indeed, it is still possible that certain indicated normal sites 
consist of entirely overprinted material, whereas the same is 
very unlikely to be true for reversed assignments. The choice of 
60° as a cut-off value is arbitrary—we use it because it divides 
each palaeo-hemisphere in half. This procedure leads to the 
polarity profile shown in Fig. 2. 


Discussion 


In Fig. 2 we have attempted to match the Red Deer Valley 
magnetozones with numbered sea floor anomalies. Recently 
published polarity scales place the Cretaceous—Tertiary boun- 
dary near the base of anomaly 29 (refs 1-3). The fairly long 
normal polarity zone which embraces the Ardley Coal seam 
(Fig. 1) thus corresponds to anomaly 29. The other relatively 
long normal zone (which includes the Kneehills Tuff) is then 
equivalent to at least part of anomaly 30, and our data suggest 
that the reversed magnetozone between 29 and 30 contains 
several short normal intervals. 

It is more difficult to identify the short reversed interval which 
seems to be accepted as a diagnostic marker between anomalies 
30 and 31. We have strong indications of at least two compara- 
tively short reversals, either of which would seem to qualify. The 
lowermost reversal leads to the best relative time span for 
anomaly 30 versus anomaly 29 according to sea floor data’. 
Our measurements do not go low enough to enable us to use 
data from strata equivalent to anomaly 31. In the Gubbio 
marine section, the sampling interval of Roggenthen and 
Napoleone? allows several short reversals. The scale of the 
Lowrie and Alvarez® diagrams for the same section makes it 
difficult to assess their sampling interval, but the reversed zone 
they have located seems rather high in the section and may 
correspond to one of our two higher ones. 

The presented pattern may still be somewhat oversimplified 
because we have not placed much weight on several possible 
short polarity intervals which are represented by more than one 
site in the unscreened data and are likely to be real, but may 
represent local geomagnetic ‘excursions’. 

One or more short normal polarity intervals below anomaly 
29 seem to have shown up in other recently published results. 
Keating et al.” show a short normal in what may be this reversed 
zone at DSDP site 208. The data of Butler et al.’ from New 
Mexico could also be differently interpreted by re-assigning the 
normal magnetozone they have called 28 to anomaly 29. This 
would allow correlation of the short normal they have called 29 
with our short normal(s) in the reversed zone below 29 (Fig. 3). 
This re-assignment also removes the palaeontological dis- 
crepancies between the New Mexico, Alberta, and Gubbio, Italy 
sections with respect to the Cretaceous—Tertiary boundary and 
anomaly 29. Also, because the Cretaceous~Tertiary boundary 
in the Red Deer Valley is just below the base of anomaly 29 (Fig. 
1), this assignment would fit Powell’s”* placement of the boun- 
dary in the San Juan Basin in his Kimbeto Member of the Ojo 
Alamo Sandstone =‘upper conglomerate’ of Butler et al’. 
Alternatively, the boundary may well be as low as the uncon- 
formity at the base of the conglomeratic member, as suggested 
by others**”°. Whichever is correct, we agree with Butler et al. 
that the palaeomagnetic evidence suggests the time breaks in the 
section measured by them must be relatively short. 

Considering the rate of sedimentation of the Scollard Forma- 
tion to be representative of that of the Edmonton Group (about 
65 m Myr™'), one average metre represents about 15,000 yr. A 
check on the validity of this figure may be made using the 
approach of Kent™. The thickness of the reversed magnetozone 
between anomalies 29 and 30 in the Scollard Formation is 30 m. 
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Fig. 3 Suggested correlation of the Red Deer Valley section with 

the San Juan Basin section and the polarity time scale of Tarling 

and Mitchell. Dashed tie lines are correlations made by Butler 

et al’. Solid tie lines and anomaly numbers in brackets are 

correlations suggested in the text. Diagram modified from 
Butler et all’. 


This represents a time span of 470,000 yr according to the latest 
polarity time scale’, providing a calculated sedimentation rate of 
63.7 m Myr‘ or 15,700 yr m`. Thus the last dinosaur remains 
in Alberta were buried about 120,000 yr before the beginning of 
anomaly 29, and the discrepancy in time between the apparent 
dinosaur and palynofloral extinctions in this area is about 
90,000 yr. 

The marine foraminiferal extinctions marking the 
Cretaceous~Tertiary boundary in the Gubbio section in Italy 
occur at the base of the Globigerina eugubina zone which has 
been shown to be about 1.5 m below the base of anomaly 29 (ref. 
21). Using a mean value of 6.5 Myr for the time span of the 
Maestrichtian*®, the sedimentation rate for the Maestrichtian 
part of the Gubbio section is about 12m Myr’. The rate 
calculated for the reversed magnetozone between anomalies 29 
and 30 is 12.8 m Myr’! (ref. 26). Therefore, the time interval 
between the Cretaceous~Tertiary . boundary (based on 
foraminiferal changes) and the beginning of anomaly 29 was also 
about 120,000 yr. If our positioning of the base of anomaly 29 in 
the Red Deer Valley is correct, the foraminiferal Cretaceous— 
Tertiary boundary and the extinction of the dinosaurs are 
calculated to be very close in time. Uncertainties in sedimen- 
tation rates leave room for some deviation from exact synch- 
roneity. An error in sedimentation rate of as much as 25%, 
which seems highly unlikely, would produce a maximum 
difference of about 100,000 yr. Similar studies need to be made 
on the marine reptilian and ammonite extinctions, but our data 
indicate approximate synchroneity between at least some 
marine and continental faunal extinctions at the end of the 
Cretaceous, by whatever cause. 

As the evidence for dinosaur, foraminiferal and floral crises is 
present just below anomaly 29, it is advocated that the base of 
anomaly 29 be tentatively accepted as the best global physical 
approximation of the Cretaceous~—Tertiary boundary. 

We thank C. Singh for palynofloral identifications in our Hell 
Creek area samples. The study was supported by grants from the 
NRC and the Department of Energy, Mines and Resources of 
Canada. 
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In November 1978 a telluric crisis was recorded in the 
Republic of Djibouti, in connection with the opening of new 
distensive fractures in the Asal graben, the southernmost 
axis of the seafloor spreading in Afar. A short fissure 
eruption (7—14 November 1978) developed which allowed 
interesting observations of ridge-type volcanism and gas 
composition, and accurate measurement of seafloor 
spreading in Afar for the first time. 





IT has been known since the early seventies’ that the so-called 
‘Afar triangle’ can be divided into two quite different structural 
units: (1) the Red Sea—Gulf of Aden megastructure (NNW and 
WNW trends respectively) which belongs to the mid-oceanic 
ridge type and corresponds to the active boundary between the 
parting Arabic and African plates, temporarily emerged in Afar: 
and (2) the northern end of the continental Great Rift Valley of 
East Africa. 

The small Asal graben, approximately 40 km across and 
12 km long, located between Asal Lake (155 m below sea-level) 
and the Gulf of Tadjoura, is the southernmost axis of the present 
seafloor spreading in Afar’ (Figs. 1 and 2). The extremely young 
age of both volcanic products and tectonic manifestations 
(faults, uplifts) in the Asal graben’ suggested that a geodimetric 
network should be set up in that area. The network was posi- 
tioned by the Institut Géographique National in 1973 over the 
active axis to measure any increase in distance between the two 
drifting plates’. 


The fissure eruption 


On 6 November 1978, a series of more than 800 earthquakes 
was recorded by the Arta seismographic observatory, some of 
them reaching a magnitude of 3.3 and an intensity high enough 
to alarm people in the city of Djibouti (70 km away). The actual 
eruption started the next day and lasted exactly one week. 

A set of two dozen parallel normal faults was observed in a 
belt more than 1500 m wide in the axial area. Some of the faults 
reached 10 km long. The general fault direction was 300-320° 
(NNW), that is, parallel to the Red Sea tectonic trend. No 
significant lateral shifting was detected. The spacing between 
fault lips varied from a few tenths of a millimetre to more than a 
metre. The maximal throw observed was more than 0.5 m. The 
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whole set constituted a graben the depth and width of which can 
easily be determined by new geodimetric measurements. The 
increase in distance between the African and Arabian plates, 
roughly the sum of each fault width, can be determined exactly. 

This event supports the hypothesis that the seafloor spreading 
mechanism works by sudden jerks, occurring a few times per 
century, rather than by a continuous smooth distension’. 
Average rates of seafloor spreading in the Asal rift area? should 
be referred to in terms of 1.5 m per century rather than 1.5 cm 
per yr. 

The fissure eruption developed over a 0.75-km long segment 
of one of the normal faults, directly on the active axis. We called 
it ‘Ardoukoba’ (slope down, in Afar language) after the place 
name”. It was exclusively effusive and no actual explosions 
occurred: the only comparatively violent gas exhausting 
phenomena were lava fountains, which were generally 20- 
100m above lava level. Lava flows spread rapidly over the 
depression. A lava pool developed, together with the building 
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Fig. 1 Location of the Asal rift in the Afar depression. Black 
areas are zones of generation of new oceanic crust. 
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Table 1 Composition of the Ardoukoba gas samples (mol %) 
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% Total Po: 
H-O N, O+Ar CO, SO, HS CO H, cos C/S CO/CO, (atm) 
(mol % of the ‘dry’ gases) 
Precision t1% +1% +1% +1% +1% +10% +1% +10% i eas 
A92 62+3 45.0 11.0 8.3 35.3 2x10% 0.15 0.11 1074 0.24 18x107 1 
A89 59+7 50.9 12.8 6.8 993 6x10 O11 0.02 0.24 16x10 10°” 
to 
ABB ND 47.4 11.2 6.6 34,7 0 0.09 0.02 0.19 13x 107? 10 
G82 477 57.9 15.4 3.8 926 3x10? 0.16 0.06 5x10 016 42x107 10° ° 


Analysed by gas chromatography in helium with a catharometer cell. H; was detected in argon and H3S using a flame ionisation detector. HO was 
determined by weighing. Measurements were from flask samples from flowing lava at 1,070 °C. ND, not determined. 


up of a steep spatter rampart, 40 m high, erected on the frac- 
ture’s lips as an oblong crater. 

For the first few days of the eruption, the boiling lava pool had 
a nearly 2,000 m? surface, which was continuously overturned 
by the fountaining. The violence of the phenomenon prevented 
us from reaching the crater lip to sample eruptive gases and we 
had to wait for the last phase of the eruption before we could do 
so. A plume, the velocity of which was estimated at 10 m rae 
escaped from this crater. From 12 November the lava pool 
surface was restricted to 400 m’. The eruption ended on 14 
November with a short, more explosive phase. The total gas 
output for the duration of the eruption (six effective days) is 
evaluated as 6 x 10° m’. 


Sampling 
Gas samples were collected on the fracture on 13 November 
from lavas flowing out of the crater (temperature = 1,070 °C), 
Severe conditions restricted numbers of sampling to four only. 
More numerous (but less representative). samples were collected 
on 14 November from cracks in recent ceoling lava flows. Gases 
were collected in evacuated glass flasks, containing either an 
alkaline solution or P.O, dessicator, connected to a 1.5-m long 
silica pipe. The alkaline-type flask showed the gas to be 
considerably mixed with air. Therefore, we also used a tech- 
nique which allows the gas sample to remain in the same dilution 
as the plume, preserving the gaseous ratios. It was analysed with 
a high sensitivity (<1 p.p.m. for most gases investigated): the 
previously dehydrated gases are inspired by a peristaltic pump, 
stored in a Teflon bag and then immediately analysed by specific 
reactive ‘Drager’ tubes. 

Temperature measurements were taken simultaneously using 
a chromel—alumel thermocouple (+1 °C). Locations, tempera- 
tures and gas compositions are reported in Tables 1 and 2. 


Results 


Air was admixed with the magmatic gas found between the 
flowing lava and the upper solidified crust through which we 
sampled. Atmospheric values for N,/O,+ Ar ratios, calculated 
from the O, + Ar contents in the four glass flasks, assuming that 
all Ar comes from air contamination, yield an excess nitrogen 
which either corresponds to a true magmatic excess or reflects a 
partial oxidisation of the gas by atmospheric oxygen. 

The gases were found to be richer in sulphur than carbon. The 
C/S atomic ratio (0.2) is lower than that typical of high 
temperature basaltic gases sampled from central vents (1.5+ 
0.3)’. Otherwise, similar C/S ratios have been found in gases 
sampled from early degassed basalts in Hawaii” and particularly 
from comparable lava flows from Mt Etna”’® or the Surtsey 
eruption (1966-67 samples)'*. This lower ratio may be typical of 
a later degassing stage of the lava. Conversely the 14 November 
gas samples (evacuated flask samples and Teflon bag samples), 
collected from cooling lavas at sub-solidus temperatures are 
richer in CO, than in SO,, a feature more characteristic of gases 
exsolved from solidifying hot rocks. In these samples H-S is also 
rich relative to SO,. 





CO/CO; ratios are in the range 1.3-4.2 x 107”. Experimental 
data’? showed that: (1) the oxidation state of a high-temperature 
gas phase is consistent with the oxygen fugacity in the melted 
basalt; (2) the CO/CO, ratio is the most reliable redox ratio, 
compared to H,/H,0 or H,S/SO., and is more sensitive to 
oxidisation and to secondary gains or losses caused by conden- 
sations, reactions or additions. 

Under a pressure of latm and collection temperature 
(1,343 K) conditions, the oxygen partial pressure in equilibrium 
with CO and CO, can be calculated from: 

AGT Sio Pe.) 


orem e iaa 


log Po, = r 
08 Po = ASIST E poo, 


where AG? = —135,330+41.74T (calculated from standard 
thermodynamic data’’). 

Table 1 lists the four po, values obtained, and the mean 
oxygen partial pressure of the gas is found to be po,= 
10°°*° atm. This is in remarkable agreement with the po, value 
in the Erta Ale gases (Afar)’”, and consistent with the oxygen 
fugacities measured or deduced from mineral assemblages in 
basalts'*"°. 

Water vapour is generally the major gas present and often 
amounts to 80-90 mol % of the total, even in higher quality 
samples collected previously’. The interesting point in the 
present results is the relative deficiency in H20 content of the 
Ardoukoba samples. The measured H,/H.O ratio (about 107°) 
is not consistent with the mean po, calculated above: a po, of 
10°°* atm would lead to an equilibrium H,/H,0 ratio of about 
10°?. As water vapour clearly condensed inside the flasks during 
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Fig. 2. Position of the Ardoukoba lava flows in the Asal rift. 
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Table 2 Composition of gas samples and sublimates from cooling lavas 





CO, SO, H-S 
(p.p.m.) (p.p.m.) (p.p.m.) 

Precision +5-10% +5~-10% +10-15% 
W lava flow 2,000 230 5 
W lava flow 4,200 850 12 
W lava flow 4,000 600 11 
W lava flow 1,100 100 3 
W lava flow 1,500 120 
W lava fow 400 20 0 
W lava flow 600 50 1 
$ spatter 1,200 160 3 
E lava flow 800 80 2 
W base cone 1,400 160 5 
Crater rim 2,000 320 6 


HCI 
(p.p.m.) Sublimates 
+10-15% C/S CYS (wt %) 
22 8.5 0.09 s027 63.07 
30 4.9 0.03 
24 es 0.04 
9 10.7 0.09 Na 24.66 
15 11.9 0.12 
i aa - K 5.83 
4 11.8 0.08 
9 TA 0.05 Ca 0.48 
9 9.7 0.10 
10 8.5 0.06 Fe 0.61 
3 6.0 0.01 Cu 5.35 
yA z<z0.Íi 
B 


PONOA EENAA NA OET AO ananasom 


Sublimates were analysed using an EDS. (Five analyses of green and white sublimates.) Measurements were from Teflon bag samples (810-910 °C). 


sampling (temperature at the opened end of the sampling pipe 
reached more than 400°C), we can be certain that no water 
vapour was lost through the flask’s stopcock. We suggest two 
hypotheses to explain this discrepancy: (1) A partial oxidisation 
of the initial H, occurs (1 mol % calculated from H:/H20 = 
10°77), consistent with the partial deficiency in the O, contents 
when air contamination is calculated on the N, basis. (2) A 
preferential enrichment in H,O occurs by continuous adsorp- 
tion on the dessicator in excess during the few seconds the flasks 
were open. If this were so, the equilibrium H2O contents might 
have been about five times less than they were actually found to 
be in the samples. 

At present it is not possible to decide between these two 
hypothetical mechanisms, and they may have acted together. 
Also, the H,O content of the samples has to be considered as an 
upper limit to the water vapour fraction of these eruptive gases 
which therefore appear particularly anhydrous. 

The HCI content in samples from cooling lavas (Table 2) is 
surprisingly low as it has been shown from many voicanoes that 
similar gases from early degassed lavas are generally more 
chloride-rich than those from central vents. Atomic CI/S ratios 
in Ardoukoba gases are still lower than CI/S ratios in gases 
collected from the Erta Ale lava lake (0.17) or from lava flows of 
the oceanic Surtsey eruption (0,03-0.5)”*. 

From the proximity of highly saline waters in Asal Lake 
(NaCl > 350 g 1°‘), 2 km away, and of seawater in the Ghoubet, 
10 km away (Fig. 2), one could have expected a marine type 





Table 3 Chemical composition (wt % oxides) of the Ardoukoba lava 
and phenocrysts 





Lava 

flow Pyroclastite Olivine Pyroxene Plagioclase 
SiO, 48.01 48.01 37.55 51.22 46.55 
TiO, 1.21 1.09 — 0.2 —— 
ALO; 20.72 20.43 — 1.4 33.91 
FeO + Fe,0,* 8.90 8.59 —_ — — 
FeO -l _ 15.36 4.26 0.21 
MnO <0.1 <0.1 0.13 — — 
MgO 3.50 3.99 46.82 17.91 _ 
CaO 15.26 15.46 0.14 22.44 17.90 
NaO 225 2.29 — 1.43 
K,O <0.05 <0.05 _ = —- 
PPs <0.1 <0.1 = —_ — 
CrO, see nee me: 0.33 ee 
Total 100.2 


100.1 100 97.8 100 





Analyses were carried out using an energy dispersion spectrometer 
* Based on equimolar ratios. 


contamination of the magma and gases, the eruption point of 
which was situated about 100 m below sea level. 

In fact, the collected samples appear rather lacking in vapour 
and chloride poor. Moreover, microprobe energy dispersion 
spectrometer (EDS) analyses of incrustation deposits from 
around the fuming points (Table 2) show no anomalous sodium 
enrichment and show also that these sublimates are particularly 
depleted in chloride, boron and magnesium. 

The total lavas welled out by the eruption amounts to 16x 
10° m°, the average thickness of the 1.6 km? lava field being 
estimated at about 10 m. This highly fluid lava contains a high 
proportion of phenocrysts, mainly large crystals of plagioclase 
(bytownite) up to 4cm long, and far less olivine and clino- 
pyroxene. It is identical to the particularly plagioclase-rich 
basalts widely outcropping in the active part of the Asal 
graben’’'® (Table 3). 


Discussion 


Note that this short, but volumetrically important, eruption is 
similar to numerous recent ones, the evidence of which we 
observed in this area and throughout the whole northern and 
central Afar depression, and is probably representative of most 
of the fissure eruptions in rift areas. It is interesting as a 
reference for the so many, but invisible, submarine fissure 
eruptions. In particular, it is useful to compare the ratio of the 
massic gas and lava outputs with the volatile amounts trapped in 
fresh sub-oceanic basalts. 16 x 10°m? of solidified basalt with a 
density of 2.7 gcm™ yields 43 x 10° tons of lava discharged by 
the Ardoukoba eruption, and the mass of 6 x 10°m’ of emitted 
gas, the density of which could be considered to be ~0.25 g r 
at latm and 1,100°C, is 1.5x10° tons. Then, the mass gas 
output amounts for 3% of the lava production. This is rather 
small, when compared with the recently measured gas discharge 
from other volcanoes’’, which widely exceeds the initial volatile 
content the corresponding erupted magma could supply. 

This leads us to consider that the magmatic reservoir from 
which the Ardoukoba eruption developed may have been a 
closed system. The relative 3% massic gas to lava output is 
scarcely a few times the volatile content in sub-oceanic ridge 
basalts’*. 

This low gaseous output, the particularly low water vapour 
content, the apparent lack of marine contamination which might 
have been expected, the short duration of the eruption and the 
highly crystallised state of the produced lava, make us think that 
the magma intrusion which supplied the Ardoukoba eruption 
was quite narrow and probably close to the surface, and hence 
reduced the disturbance the eruption could have brought about 
in the geological surroundings. 
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Fluorine in Iceland 


and Reykjanes Ridge basalts 
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Unlike chlorine and bromine, fluorine is not appreciably 
outgassed from basalts erupted above 500 m depth along 
the Reykjanes Ridge and subaerially over Iceland. The 
mantle beneath Iceland seems to be twice as rich in fluorine 
as the asthenosphere source of normal ridge basalts south of 
61°N. 


A NE aA n aa anae 


OCEANS and atmosphere are generally accepted to have 
formed over geological time by the outgassing of volatiles from 
the Earth’s interior during volcanism’. But very little is known 
about the abundance, distribution and relative fractionation of 
volatiles in the mantle. Nor do we fully understand the nature of 
the processes of transport and release of volatiles to the Earth’s 
surface. The study of volatiles in lavas derived from the mantle is 
complicated by the tendency of such elements to be partly lost 
during the ascent of magmas, either before erupting at shallow 
depth under the sea or during subaerial eruption. Furthermore, 
volcanic gases collected near volcanic vents may not be juvenile, 
but partly or totally derived from fluids of meteoric origin. Thus, 
knowledge of the geochemical evolution of volatiles in the 
mantle has lagged behind that of the more refractory elements. 
The study of submarine basalts and basaltic glasses, pioneered 
by Moore’, has opened up new opportunities for the investiga- 
tion of volatiles. 

Unni and Schilling? have described the distribution of 
chlorine and bromine in basalts from the Reykjanes Ridge and 
Iceland, contrasting subaerial with submarine volcanism as 
affected by hydrostatic pressure. They found that both chlorine 
and bromine were drastically fluxed out from lavas erupted at 
depths of less than 500 m below sea level (approximately 50 bar’ 
hydrostatic pressure), coincident with the depth of extensive 
vesiculation of water observed in several instances’*~*. Chlorine 
and bromine degassing occurs although neither of the two 
halogens is saturated in the silicate melt in the pressure- 
temperature conditions of eruption’. Fluxing of sulphur and 
selenium has also been observed at this depth’®. Unni and 
Schilling? have considered the possibility of fluxing of chlorine 
and bromine as due to a strong tendency for these two volatiles 
to separate into the aqueous fluid phase relative to the melt 
during vesiculation, in accordance with the experimental parti- 
tion data of Kilinc and Burnham’. However, the amount of 
water actually exsolving seemed to be insufficient, and CO, 
(and/or SO) was invoked as an additional possible major flux 
carrier for outgassing chlorine and bromine. 
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Fluorine, although another member of the chemically related 
halogen group, might be expected to behave differently in’ a 
silicate melt~aqueous fluid system. Its smaller ionic radius, 
1.34 A compared with 1.81 A for chlorine and 1.96A for 
bromine, permits fluorine to substitute easily for OH” in hy- 
drous minerals or melts'®°. The few experimental data available 
for partitioning of fluorine and chlorine between silicate melts 
and a co-existing H,O fluid phase at high temperature and 
pressure”’'’ suggest partition coefficients of 3:1 for fiuorine in 
favour of the melt, but less than 1:30 for chlorine. The existing 
data are for granitic-type melts. As far as we know there is no 
corresponding data for melts of tholeiitic composition. 

We report here the fluorine content of basalts from the 
Reykjanes Ridge—Iceland profile previously analysed by Unni 
and Schilling’ for chlorine and bromine. This part of the Mid- 
Atlantic Ridge, as it shoals from 1,380 m to its subaerial expres- 
sion in the south-west neo-volcanic zone of Iceland, affords.an 
excellent opportunity to study the behaviour of volatile ele- 
ments as a function of hydrostatic pressure. Locations and 
depths from which the samples were dredged are shown in Fig. 
1. This area also spans from rare earth’? and isotope data’*"* 
two apparently separate and distinct mantle sources of magma 
with a zone of mixing between them. Furthermore, it has been 
shown? that chlorine and bromine variations along the Reyk- 
janes Ridge-Iceland profile fit quite well a predictive model 
compounded from a curve of the distribution of large ion 
lithophilic trace elements (LILE) from two different adjacent 
mantle sources and their mixing, and a curve representing the 
degassing of a volatile from lavas derived from a single homo- 
geneous mantle source as a function of decreasing hydrostatic 
pressure above 500 m of depth. The abundance of fluorine in the 
same basalt samples should not only reveal the distribution of 
fluorine along the Reykjanes Ridge and its extension beneath 
Iceland, but also yield useful information relevant to degassing 
mechanisms of the three halogens and their relative frac- 
tionation during degassing. 


The fluorine profile 


Fluorine was determined by a specific ion electrode procedure 
adapted from the method of Ingram’* for fluoride in silicate 
rocks, combined with the procedure of Huang and Johns"* for 
fusion and preparation of sample solutions. The method was 
standardised against the literature values of Flanagan’’ for the 
rock standards AGV-1 and JB-1, and was reproducible to +15 
p.p.m. in the relevant concentration range. The samples are 
fresh basalts dredged from the axis of the ridge’’, and analyses 
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were carried out on powders prepared for the most part from the 
variolitic zone of pillows, and a few from glasses from pillow 
rims. A summary of individual fluorine concentrations in pillow 
basalts from the Reykjanes Ridge and Iceland is given in Table 
1, where they are compared with the chlorine values of Unni and 
Schilling’ determined on the same samples. 
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Fig. 1 The Reykjanes Ridge and Iceland, showing depth 

contours and sample locations. Cruise numbers are: @, TR 101; 0, 

TR 41; C1, GLJ; and A, TR 100; and subaerial samples are desig- 
nated by W. 


The variation of fluorine content with latitude (Fig. 2) shows a 
progressive increase of fluorine towards Iceland. The fluorine 
profile resembes those of refractory incompatible trace element 
ratios such as [La/Smlgr (Fig. 2a), or of isotope ratios'*'* of 
°7Sr/*°Sr or 7°°Pb/?™ Pb and 7°°Pb/*°*Pb. Furthermore, fluorine 
variation does not seem to be related in any simple way to Al, 
Mg, or Ca variation in these basalts along the Reykjanes Ridge- 
Iceland profile. Nor is it related to silica content, which remains 
constant at.50+0.3% in submarine samples and drops to 47- 
49% over Iceland (data not shown). Indices of major element 
fractionation such as 2Fe/2ZFe+Mg and Na,O/CaO pass 
through a maximum over the Iceland shelf coincidental with the 
en echelon displacement of the ridge axis'*’°, whereas fluorine 
continues increasing towards Iceland. These observations rule 
out the possibility of explaining the fluorine increase towards 
Iceland as being due to increasing fractional crystallisation or 
decreasing degrees of partial melting of a single mantle source 
toward Iceland (see for example refs 12, 20-22 for discussions 
on the subject). 

In marked contrast to the other volatiles Cl, Br, S and Se, 
fluorine does not show any appreciable degassing above the 
apparent 500 m critical depth of extensive vesiculation of water 
vapour observed in several instances***”* (Fig. 2). Although 
fluorine follows the same trend as chlorine up to 63°N at depths 
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greater than 500 m, the fluorine content of basalts in the north- 
ernmost section of the profile remains high while chlorine 
decreases due to progressive degassing with decreasing depth of 
eruption’. The failure of fluorine to degas is further emphasised 
in Fig. 3, which compares variation of fluorine with variation in 
lanthanum, a refractory element; potassium, a less refractory 
element; and chlorine, a volatile element. For both lanthanum 
versus fluorine and potassium versus fluorine the Iceland field 
(subaerial) overlaps with the trend for the Reykjanes Ridge. But 
in the case of chlorine versus fluorine, the Icelandic field has 
moved down along the chlorine axis and is quite distinct from the 
Reykjanes Ridge basalts, because of the loss of chlorine during 
subaerial eruption’. 

The relative fractionation of fluorine with respect to chlorine 
in the Reykjanes Ridge basalts is shown in Fig. 2, using Cl/F 
ratios from Table 1. The ratio increases on approaching land, 
apparently due to enrichment of the larger ion in the Iceland 
mantle source compared with the LILE-depleted asthenos- 
phere. But at depths less than 500 m and in subaerial samples 
the ratio drops drastically because of the loss of chlorine with 
concurrent water vesiculation. From a maximum value of 1:1 
the CI/F ratio drops to about 0.1, or by approximately an order 
of magnitude. 





Table 1 Fluorine content of Iceland and Reykjanes Ridge basalts (pillow 
| interiors)* 


SN Rete tetra At AER AA thar emer afer rp aber AAA RAIA RAHA E r ais: 


Lat Long Distancet Depth F Cit 


Station (N) (W) (km) (m) (p.p.m.)(p.p.m.) CHF 
Iceland 
IC-17 64°47 2’ 20°42.7' ~139 +400 248 45 0.18 
IC-1] 64°16.75' 21°07’ -~ 64 +150 2il 24 Qil 
IC-36 64°12.6' 20°01,2' — 59 +250 155 30 0.19 
IC-57 6355.8 22°26,.5' — 29 + 72 270 99 0.37 
IC-62 63°58.7' 21°58’ ~ 23% +140 193 60 0.31 
1C-47 63°58’ 21°44.5' — 22 +460 214 64 0.30 
IC-458 63°54,8' 22° 20' — 14 + 70 248 93 (0.38 
TR 101 
15D-13A 63°34.7' 23°42.2' 33 33 233 128 0.55 
i8D-1 §3°28.1' 23°51’ 49 43 251 172 068 
11D-2 63°16,3’ 24°12.4’ 78 75 230 173 0.75 
12D-7 63°12.9' 24°16’ 86 258 270 199 0.73 
14D-5C 63°11.2' 24°27.6' 91 345 261 232 0.89 
6D-9 62°59 ,7' 24°41 ,9' 118 400 222 170 0.76 
3D-1A 62°47.5' 25°09.6' 147 620 179 152 QRS 
35D-3A 62°42' 25°12.3’ 160 580 176 185 1.05 
2D-1,2 62°37.4' 25°20 172 633 217 226 109 
1D-2 62°35.6’ 28°27.5' 176 618 206 211 1.02 
22D-1 62°22.4’ 22 50.7 208 715 153 166 1.08 
23D-1 62°21,3' 25°36.8' 210 655 169 116 0.70 
34D-6 62°16.1' 26°08 .4’ 221 500 151 96 0.64 
24D-6C 62°05’ 26°17.8' 248 692 1&2 5i 0.28 
27D-1 61°44’ 26°52.9' 298 600 120 t40 1.17 
29D-5A 61°05.9' 27°52.7' 390 810 86 85 099 
30D-10A 61°O5.9' 27°54.2' 390 792 82 65 0.79 
31D-9C 60°44’ 28°54.2’ 440 710 86 16 019 
33D-6A,B 60°27 .4’ 28°53.1' 482 923 137 36 0.26 
TR 41 
D46-1 61°22’ 27°24" 352 650 124 67 0.54 
D22-1 60°01 2’ 29°28,5' 543 978 126 64 05i 
D20-3 60°O1.2' 29°20.8' 543 948 254 108 0.42 
D18-2 §9°59.7' 29°32.5' 545 1040 99 62 063 
D38-2 39°59, 1’ 29°31.5' 547 925 132 71 0.54 
GLJ-10 58°52, 30°56.7' 705 1383 9R 70 «(0.71 
TR 100 l 
26D-10 57°41 32°34’ 885 1380 180 69 0.43 
23D-10 §4°15’ 35°24’ 1340 880 127 28 0.22 





* Our precision for F analyses of standards AGV-1 and JB-1 were 439+ 19(1¢) 
and 365+ 9(1o), respectively. Corresponding recommended values are 435 + 20 
and 360 (ref. 17). 

+ Distance SW along the Reykjanes Ridge Axis; taken equal to zero at the SW tip 
of the Reykjanes Peninsula. 

ł Cl values from Unni (ref. 46). 


Yet, despite the evidence suggesting absence of degassing of 
fluorine from the Reykjanes Ridge basalts, fluorine is often 
found to be present in volcanic gases and emanations. 


Nature Vol. 279 3 May 1979 


Measurements of the F/C] ratio in gases from Hawaiian vol- 
canoes range from 0.3” to 0.0037*. Moreover the incidence of 
fluorine poisoning in grazing livestock following a major 
Icelandic eruption has been directly correlated with wind direc- 
tion, distance from the eruption vent, and thickness of tephra 
layers’’. Thorarinsson”® describes measurements of 350 p.p.m. 
fluorine in ash particles less than 0.06 mm in diameter compared 
with 50 p.p.m. in an 0.25 mm fraction, such enhancement has 
been interpreted” as indicating adsorption of gaseous HF on the 
surface of the ash during its eruption. Thorarinsson*® has esti- 
mated that at least 3 x 10* tons of fluorine were discharged with 
the tephra of the Mt Hekla eruption in 1970. 
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Fig.2 Comparison of the F profile (b) with the La/Sm enrichment 
factor ratio (a), CI (c), and the CI/F ratio (d). © are anomalously 
low in Cl (and also Br) but not in F or refractory elements. 
Morphologically, they are rounded vesicular basalts (not pillows), 
and represent probably lava erupted subaerially, subsequently 
eroded by wave action during subsidence (or submergence). The 
low Cl and Br, but not F nor LILE contents, seem to corroborate 
our observations made previously on ship. 


Our evidence for the lack of any substantial fluorine degassing 
at eruption depths of less than 500 m along the Reykjanes Ridge 
would seem paradoxical. This is not the case. A simple cal- 
culation using the Rayleigh distillation equation”® predicts that, 
if a maximum of 0.5-1.0% H,O vapour exsolved, the chlorine 
and fluorine concentrations of the vapour would be of the order 
of 5,000 p.p.m. and 70 p.p.m. (assuming vapour-melt partition 
coefficients of 30 and 0.33) respectively. The F/CI ratio in the 
vapour would be 0.014, thus well within the range observed on 
land*’**. The fluorine content of the remaining magma would 
have increased only by 1 p.p.m. maximum, which is well within 
the analytical uncertainties. 
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The lack of appreciable outgassing of fluorine along the ridge 
may to some extent be further tested by comparing variation in 
fluorine with variation in a refractory lithophilic element which 
might vary coherently with fluorine. Data from the area of the 
Mid-Atlantic Ridge encompassing the Azores platform, a 
section well below the 500 m critical depth of degassing, indicate 
that fluorine and strontium, or fluorine and phosphorous do not 
fractionate appreciably relative to each other during partial 
melting or fractional crystallisation’®”*°. The two ratios remain 
constant despite clear evidence from *’Sr/*°Sr data®'*? of a 
change in mantle source beneath the Azores. Figure 4 shows 
variation of the F/Sr and F/P ratios with distance along the 
Reykjanes Ridge—Iceland profile. 

Equations for least-squares best-fit slopes are: 


F/P = 3.28 x 107? d+0.289 
F/Sr= 1.22 107* d+1.75 


where d, the distance in km south-west along the Reykjanes 
Ridge axis, is set equal to zero at the south-west tip of the 
Reykjanes Peninsula on Iceland. In other words, both ratios 
remain essentially constant along the profile. The subaerial data 
are insufficient to establish any significant loss of fluorine. Even 
if the sample IC-17 (anomalously high in fluorine content) is not 
considered, the small drop in F/Sr and F/P ratios over Iceland 
would suggest a maximum loss of only 5-10%. We conclude 
from this and from the CI/F ratio profile that unlike chlorine and 
bromine, fluorine does not appreciably degas from lava erupted 
subaerially or above the 500m depth. A comparison of the 
maximum and minimum C1/F ratios would indicate a relative 
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Fig. 3 Comparison of F variation with La (refractory), K (less 
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fractionation of these two elements of at least a factor of 10 in 
the shallow water and subaerial basalts. 

Yet, the Rayleigh distillation calculation previously discussed 
predicts only a 25% drop in the Cl/F ratio due to vesiculation of 
a maximum of 0.5-1% water vapour. The CI/F ratio could be 
further reduced to 33% of the maximum observed, if up to 50% 
of the melt underwent shallow depth fractional crystallisation at 
the same time as vesiculation occured. A fluorine bulk crystal- 
melt partition coefficient of 0.02 was used in the calculation”®. 
Note also that these calculations are based on fluid—melt parti- 
tion coefficients for granitic melts’''. Unless in the case of 
basaltic melts such vapour—melt partition coefficients are 
significantly reduced for fluorine and increased for chlorine, 
vesiculation of a major gas phase other than H,O, such as CO, 
would have to be invoked to account for the major Cl/F drop at 
less than 500 m depths, as suggested by Unni and Schilling’ for 
chlorine alone. A corollary of the chlorine outgassing 
mechanism proposed for lava erupted above 500 m depth or 
subaerially is that emmanated volcanic gas counterparts should 
have a Cl/F greater than unity. This seems to be corroborated by 
the Cl/F ratios of volcanic gases, which though quite variable, 
are usually greater than unity, and often greater than 10 (refs 23, 
24, 33, 34). The preferential affinity of fluorine for the melt 
compared with chlorine might suggest a different structural 
model for the solubility of fluorine as opposed to chlorine in 
silicate melts, although Burnham’s’” solubility model would not 
support this. 


Fluorine content of the two mantle sources 


As previously inferred, the fluorine distribution in the Reyk- 
janes Ridge~Iceland basalts is consistent with Schilling’s 
model’? of two mantle sources for this region, one depleted in 
LILE and one more enriched, with an intermediate zone of 
mixing between them. The fluorine content in the section 
between 54° and 61°N (deep sea) averages 114+ 24 p.p.m. (10), 
which may be taken as characteristic of mid-oceanic basalts 
derived from a LILE-depleted asthenospheric source. North of 
63°N and including seven Icelandic tholeiites from the south- 
western neo-volcanic zone, fluorine averages 232+ 32 p.p.m. 
(10), with more scatter in subaerial than submarine samples. 
Fluorine between 61° and 63°N grades between the two levels in 
a manner grossly consistent with the mixing of two sources. 
These results suggest a 2-3 fold relative enrichment of fluorine 
in the mantle source of basalts from the Iceland platform over 
the source of the ridge south of 61°N. 

An estimate of the fluorine content of the two mantle sources 
of this region may be made by assuming: (1) partial melting of 
25-30% over the entire area to produce the magmas, and (2) a 
reasonable partition coefficient for fluorine between solid and 
melt during partial melting. Estimates of a fluorine partition 
coefficient can be made in two ways, considering that no 
experimental values are available. First, fluorine varies nearly 
coherently with strontium in the processes of partial melting and 
fractional crystallisation’®*°. The strontium partition coefficient 
between basaltic groundmass and a number of minerals present 
as phenocrysts measured by Philpotts and Schnetzler” varies 
greatly, depending on the nature of the phenocrysts. Assuming 
that the two mantle sources under consideration were originally 
composed of a lherzolite containing 60% olivine, 20% ortho- 
pyroxene and 20% clinopyroxene, the bulk partition coefficient 
for strontium (and hence also F) between such an assemblage 
and the melt (Ds) would be about 0.04 (Dr = Ds, = 0.60 x 
0.01+0.20 x 0.1+0.20 x 0.06). 

Second, although the mineral phases of the mantle are specu- 
lative, judging from the fluorine value determined by Huang and 
Johns'® for the geochemical peridotite standard PCC-1, a 
fluorine value of 13 p.p.m. would be anticipated for a residual 
peridotite which has been depleted in LILE by partial melting. 
Since D is defined as Cp/C,, where Cr is the concentration in 

the solid residue after partial melting and C, the concentration 
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in the melt, then, assuming 13 p.p.m. for Cr and a minimum of 
100 p.p.m. F for C, in the melt, a partition coefficient (D;) of a 
maximum of 0.13 would be obtained, which is not far from the 
partition coefficient for fluorine calculated from a lherzolite 
mantle model using strontium as an analogue. 

The use of a reasonable partition coefficient of 0.06 for 
fluorine would suggest a fluorine content of 74+ 10 p.p.m. for 
the Iceland mantle source, and 36+9 for the LILE-depleted 
asthenosphere, assuming a degree of melting of 25-30% and 
using the partial melting equation of Schilling and Winchester’’. 


Latitude 
65°N 60° SSN 
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Fig. 4 Variation of F relative to a, P; and b, Sr along the 
Reykjanes Ridge~Iceland profile. See text for equation of line by 
linear regression. 


Fluorine in basaltic glasses 


We have also examined the possibility of fluoride exchange with 
seawater, either during submarine basalt formation at the time 
of quenching, during subsequent cooling of the pillow lava, 
during low temperature weathering, or during hydrothermal 
circulation. For this purpose the fluorine content of fresh glasses, 
glasses altered to various degrees, and a palagonite were 
compared with pillow interiors (mostly sampled within the 
variolitic zones). The samples were either from the same basalt 
pillow or from other pillow fragments recovered from the same 
station. 

Table 2 summarises our results for fluorine in 15 glasses and a 
sample of palagonite removed from the glassy rim of a pillow 
basalt from dredge haul TR101-27D, and compares these 
concentrations with fluorine values of pillow interiors from 
Table 1. Five of the 15 glasses matched rock fluorine within 
analytical error and two more were only slightly higher. The 
others were enhanced in fluorine by a factor of 1.3-3.0, and the 
enrichment is not apparently related to depth of eruption, 
latitude or the quantity of fluorine in the corresponding crystal- 
line samples. In no case was fluorine in glass significantly lower 
than in the more crystalline pillow interior. Several glass samples 
from one station showed highly variable enrichment in fluorine 
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content (TR101-27D). A similar increase in content in 
quenched glassy rims over more crystalline interiors has been 
observed for several volatiles other than fluorine, such as 
sulphur®®, “Ar (ref. 39), and H,O (ref. 5). 





Table 2 Fluorine content in Reykjanes Ridge basalts (glass rims) 





semanas 





Distance* Depth F ince Fence F,/F, 

Station (km) {m} (p.p.m.)  (p.p.m.) 
TR 101 
11D-2G 78 75 458 230 1.99 
11D-s.g.4 344 (230)§ 1.49 
35D-2g 160 580 172 176 0.97 
35D-3g 236 (176) 1.34 

1D-10g 176 618 230 (206) 1,12 
22D-2¢ 208 715 154 (153) 1.01 
27D-1g 298 600 172 120 1.43 
27D-13g 364 {120} 3.03 
27D-glass 160 (120) 1.33 
27D-palagonite 436 (120) 3,63 
30D-22 390 793 202 (82) 2.46 
30D-i2g 232 (82) 2.83 
TR 41 
D22-s.g. 543 978 142 (126) 1.16 
D20-s.g. 543 948 251 (254) 0.99 
D18-s.g. 545 1040 93 (99) 0.94 
D36-s.g. 547 925 138 (132) 1.05 
Average 1.54 +0.70{ 1er) 


POOO ONEAN NA NOONA ORERE e aoaaa nattinatt naa 


Samples were collected with RV Trident during cruise TR 41 and TR 101. 

* See Table 1. 

t Pillow interior (mostly variolitic zone). 

ts.g., Station glass (loose glass found in the dredge haul). 

§ Rock values in parentheses are from a different pillow within the same station, 


The cause of fluorine enhancement in some of these glasses is 
uncertain. There are several possibilities: (1) Incorporation of 
fluorine from seawater either during quenching or later by 
low-temperature weathering, would seem unlikely. The fluorine 
content of seawater is only 1.3 p.p.m. (ref. 40) while the content 
in pillow interiors is 82-270 p.p.m. Equilibrium of the glass 
with seawater would tend to reduce fluorine in the glass, if 
the partition coefficient previously discussed were to apply. 
(2) Entrapment of bubbles rising from the melt, as proposed by 
Moore and Schilling’ for sulphur enhancement in glasses, might 
be considered. However, in the case of fluorine this explanation 
also seems unlikely, as first, we have shown that fluorine is not 
appreciably degassed from vesiculating lava and hence is not 
mobilised during vesiculation (see the previous calculation on 
distillation of fluorine), and second, the observed fluorine 
enhancement was not related to hydrostatic pressure. (3) Flu- 
orine could have been lost from pillow interiors, rather than 
enriched in the glassy rims. The mechanism of Corliss*’, by 
which incompatible elements are concentrated in residual 
interstitial liquid in a crystalising melt—to be subsequently 
removed by hydrothermal waters circulating through micro- 
cracks and fissures, is supported by finding fluorine as one of the 
elements enhanced in interstitial melts from the Alae Lava Lake 
of Hawaii*”. Fluorine data on hydrothermal solutions such as 
found in the Galapagos Region® could be a test of this possi- 
bility, when available. Clearly, more information is needed to 
resolve the question of high glass/rock ratios for fluorine. 


Conclusions 


Fluorine does not outgas like chlorine and bromine from sub- 
marine lavas erupted at a depth of less than 500 m, the depth of 
rapidly increasing vesiculation. While fluxing by vesicle-forming 
major volatiles, such as H:O and/or CO, seems to explain the 
outgassing of chlorine and bromine at shallow depth, such a 
mechanism is ineffective in removing appreciable quantities of 
fluorine. Our observations of outgassing of halogens and relative 
fractionation of chlorine and fluorine during intense vesiculation 
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at depth shallower than 500 m are also consistent with experi- 
mental partition data for the relative distribution of fluorine and 
chlorine between silicate melts and a co-existing aqueous phase. 
The proposed outgassing model is also consistent with the 
contrasting Cl/F ratios less than unity in outgassed lavas and 
greater than unity in volcanic gas counterparts usually reported. 
The contrasting outgassing behaviour of fluorine and chlorine 
(and bromine) emphasises the need of establishing whether a 
distinct structural model for the solubility of fluorine in silicate 
melts as compared with chlorine and bromine is required. 

The distribution trend of fluorine in basalts from the Reyk- 
janes Ridge and Iceland profile is consistent with the hypothesis 
of two mantle sources and their mixing for the origin of basalts of 
this area. The mantle source of the Iceland basalts seems to be 
enriched by approximately a factor of two over the source of the 
ridge basalts erupted south of 61°N. 

An explanation for our finding of fluorine enrichment in some 
glass samples over more crystalline pillow interiors (variolitic 
zone) will require further information. 

O’Hara** has considered extensive and long-lived 
contamination of Icelandic magma chambers by previously 
erupted basalts which may have been hydrothermally altered by 
circulating seawater. We cannot comment on this mechanism 
from our fluorine data which does not include hydrothermally 
altered basalts. However, we note that the *°’Pb/?°*Pb versus 
206pb /?4Pb trend previously observed for the Iceland—Reyk- 
janes Ridge profile’* does not point towards estimated lead 
isotope ratios for seawater*”, as would be expected if the O'Hara 
model were to be applicable to this region. 

We thank P. Aldrich and G. Nappi for assistance. This work 
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The naturally occurring t-haplotypes of the mouse exhibit a 
set of peculiar genetic properties, including strong suppres- 
sion of crossing over in the segment of chromosome 17 
between the loci of T and H-2. Study of the genetics of 
mutant haplotypes suggests that the observed effects on 
meiosis and embryonic development may be due to an 
altered form of intercalary DNA (iDNA\) in the relevant 
chromosomal region (band 17B). 


THE t-haplotypes of the mouse’~* occur commonly in the wild 
and thus must be considered part of the usual mouse genome. 
Furthermore, they are located near to the major histocom- 
patibility complex (H~2 complex) on chromosome 17, thereby 
inviting speculation concerning any possible evolutionary or 
other genetic significance of this close association’®. Their 
properties include homozygous lethality and various effects 
when heterozygous, including enhancement of the effect of the 
mutant gene for brachyury, T, sterility or segregation distortion 
in males, and strong crossover suppression in chromosome 17. 

The nature of the genetic change in t-haplotypes remains 
unknown. They are thought to involve some kind of 
chromosomal changes, but there is no evidence for major struc- 
tural rearrangements such as inversions’, and no indication that 
rDNA is involved”. We suggest here that t-haplotypes involve a 
change in moderately repetitive DNA (iDNA) intercalated 
between the structural genes in the segment of chromosome 17 
occupied by the haplotypes, extending approximately from the 
locus of brachyury, T, to the H-2 complex (Fig. 1). This sugges- 
tion arises from a study of the retention, loss or alteration of the 
various properties in ‘mutant’ t-haplotypes which have been 
derived from naturally occurring ones by crossing over or other 
means, and we regard it as a development of our earlier sugges- 
tions that t-haplotypes involved ‘heterochromatin’ (ref. 9) or 
changes in interstitial heterochromatin’®. 

Heterozygotes for brachyury T typically have short tails, but 
t-haplotypes interact with T, so that T/t heterozygotes are 
tailless. When homozygous, naturally occurring t’s are lethal or 
semi-lethal during embryogeny, and fall into six lethal comple- 
mentation groups, with partial complementation between 
groups in terms of viability’. Surviving t"/t” males (where t* and 
t are from different groups), and also males homozygous for 
semi-lethals, are sterile. Furthermore, males heterozygous for a 
single t-haplotype, that is, +/t or T/t, although fertile, transmit 
t to the offspring with an abnormal frequency, usually having a 
large excess of t-carrying young. In addition, natural t-haplo- 
types strongly suppress crossing over in both sexes in the seg- 
ment of chromosome 17 extending from T to H-2. 

A further characteristic is that of mutating to other forms, 
with loss or occasionally gain of one or more of the other 
properties. This ‘mutation’ is usually, but not always, accom- 
panied by crossing over within the region of strong crossover 
suppression. Correlation of the genetic properties of the various 
mutant haplotypes with the apparent position at which the 
crossover occurred has made it possible to map factors underly- 
ing the various properties. The most extensively studied batch of 
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mutant haplotypes is derived from the haplotype tê (Fig. 1), 
which belongs to the t° complementation group™™. Less 
detailed results with mutants from other haplotypes suggest that 
they may be broadly similar to tê (refs 14-16). 

Lethal t-haplotypes are usually maintained in balanced lethal 
stocks, using crosses of Ttf/t*+ x Ttf/t‘+, both T/T and t/t 
being lethal. In such stocks mutant t’s are occasionally found 
which have lost the lethality and are viable when homozygous. 
In all cases this loss of lethality is accompanied by crossing over 
between T and tf. This suggested the existence of a lethal factor 
(the LS-factor), located near the locus of tf, and lost whenever 
the wild-type allele of this locus is lost (Fig. 1, for example, 
haplotypes t"? and t"). This was confirmed by the finding in 
linkage tests of the complementary type of crossover (t™” and 
t", Fig. 1)". Mutant t’s of this kind are lethal either when 
homozygous or in compound with tî, but they do not produce 
taillessness when heterozygous with T; thus, T/t*" and T/t*® 
are short-tailed like T/+. This leads to the interpretation that 
the T-interaction effect is due to a factor located near the locus 
of brachyury. Further study of the two complementary types of 
mutants revealed that all the viable mutants were male fertile, 
and t"’” and t"’®, which retained the lethality, also retained the 
male sterility of tê. It thus seems that a factor for male sterility is 
close to that for lethality’®. For simplicity, the two factors are 
shown as one in Fig. 1 (the LS-factor), but it is possible that they 
are separable. 

The next factor to consider is segregation distortion in males. 
Mutant viable haplotypes are of two main kinds (Fig. 1): those 
with normal ratio (t"*) and those with a low transmission ratio 
from males (t"”). This suggests that a factor for low ratio might be 
located between T and tf. This concept was confirmed by the 
discovery of the mutant low’’, later renamed t™ (ref. 10), which 
arose by crossing over in a stock carrying t"’’. It has the property 
of causing a low transmission (<50%) from males of the 
chromosome on which it lies, but it is viable when homozygous, 
and does not modify the effect of T, t'°” is thus regarded as a 
middle-piece of t-chromatin carrying the abnormal ratio factor, 
designated the A-factor, but not the T- or LS-factors. The 
finding (mentioned below) of further t'°’-type mutants in the 
present work confirms this interpretation. In males carrying t'” 
and another t* with an abnormal transmission ratio, either high 
or low, the two haplotypes t’*” and t* are transmitted with equal 
frequencies. Thus, the first requirement for abnormal trans- 
mission is that the A-factor should be present and heterozygous. 
However, the A-factor alone gives a low ratio. The high ratio 
seen in naturally occurring haplotypes seems to depend on other 
parts of the t-chromatin. Thus, it has been suggested that the 
spaces between the T-, A- and LS-factors are occupied by 
abnormal t-chromatin of some kind, and that the high trans- 
mission ratio of natural t-haplotypes is due to the presence of the 
A-factor and interaction of this factor with all parts of the 
t-chromatin®'®. 

A further property of natural haplotypes so far unexplained is 
suppression of recombination over the segment of chromosome 
17 from T to H-2. Mutant haplotypes which arise by recom- 
bination between T and tf usually permit recombination in this 
region, although still with some suppression. Such weak 
suppression could be due to partial loss of the crossover- 
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suppressing property over the whole T-H-2 segment, or mutant 
haplotypes might still suppress crossing over strongly over their 
own (reduced) length and allow free recombination elsewhere. 
If the latter explanation were correct, double heterozygotes for 
two complementary and overlapping mutant haplotypes (for 
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Fig. 1 Diagrammatic representation of the structure of the t°- 
haplotype, of various mutant haplotypes derived from it, and of the 
corresponding normal segment of mouse chromosome 17. The 
centromere is depicted to the left in black. Some relevant known 
loci in the normal chromosome are brachyury, T; quaking, qk; 
hybrid sterility, Hst-1; fused, Fu; knobbly, Kb; tufted, tf; and H-2. 
In the t-chromatin the postulated T-int-, A- and LS-factors are 
hatched and the intervening stretches of altered chromatin are 
stippled. 


example, t"? and t"’’, Fig. 1) should exhibit strong crossover 
suppression, even though each haplotype separately permits 
recombination. Conversely, in double heterozygotes for non- 
overlapping haplotypes (for example, t™ and t*'®, Fig. 1), cross- 
ing over should occur freely in the segment of normal chromatin 
between the two stretches of t-chromatin. We have already 
presented evidence that in the double heterozygotes for t"’® and 
various viable T-end mutants, such as t"’, t"® and t™'', consider- 
able crossing over in the relevant segment can occur’. 

To test the overlapping haplotypes, animals heterozygous for 
t and t"’” were bred. These particular haplotypes were known 
to overlap as both included the A-factor. The recombination 
between T and tf in these doubly heterozygous animals was then 
compared with the value in animals carrying t"'’ only, and 
therefore having normal chromatin over part of the relevant 
distance (Table 1). In animals carrying only t"'’, the T-tf 
recombination is considerably enhanced (the normal value is 
about 8%), apparently an effect of the translocation 
T(1; 17)190Ca with which t"”’ is inextricably associated. In the 
double heterozygotes t"’/t"’’, however, recombination was 
strongly suppressed and was less than one-tenth of that in single 
t"’” heterozygotes (1.5+0.6 compared with 18.1 +0.9%, Table 
1). The interpretation was that both t"? and t"’’ suppressed 
crossing over strongly over their own length, and thus, as the two 
haplotypes overlapped, recombination was strongly suppressed 
over the whole distance from T to tf. 


39 


Other evidence 


Hammerberg and Klein’* showed that the crossover-suppres- 
sing effects of t-haplotypes extended beyond tf, approximately 
to the H-2 complex but little, if at all, beyond this. Thus, it is 
assumed that t-chromatin extends to H-2, but the absence of 
mutant haplotypes with breaks between tf and H-2 prevents a 
similar study of the basis of the crossover suppression in this 
segment. However, both t"’’ and t*'® retain the H-2 haplotype 
of tê, from which they were derived, even though they had been 
crossed to other stocks carrying other H-2 genes for many 
generations before their H-2 genotype was tested’*. This is 
consistent with the idea that each t-haplotype suppresses 
crossing over for its own length, and that t” and t®'* extend 
distally as far as H-2, but it is not critical evidence. 

There is little evidence concerning crossover suppression 
by mutants derived from natural haplotypes other than t. 
Bennett’? bred animals doubly heterozygous for t”, a viable 
mutant with low transmission ratio derived from t° (ref. 15), and 
t'**. As t has a low ratio it must have included the A-factor 
(thus resembling t”? in Fig. 1) and must have overlapped t. 
Bennett found no recombination between t™ and t'*’, suggesting 
that t", like the t°-mutants, suppresses crossing over throughout 





Fig.2 a, Giemsa-stained chromosome 17 bivalents at pachytene. 
Examples of the synchronous and asynchronous synapsis observed 
in the large, pale 17B band in, left to right, +/+, T/+ and +/t° 
animals. Note also that in +/t® there is no detectable heterozy- 
gosity in the bivalent in length or staining intensity, 6, Synap- 
tonemal complexes and the diagrammatic interpretation of 
quadrivalents they form in T/+ and +/t** T138 heterozygotes. 
Chromosome 17 and its translocated segments are shown as the 
continuous line, chromosome 9 and its segments as the broken line. 
Both quadrivalents show equivalent synapsis in the region of the 
17B band (arrowed). The synaptonemal complexes were freed and 
fixed using the method described by Tres*” but were then sedi- 
mented on to glass slides and stained with aqueous silver nitrate 
before viewing with the light microscope. 


its own length. Pizarro and Dunn” showed that t***, a viable 
mutant derived from t***, decreased recombination in the T-tf 
interval and increased it in the tf-H-2 interval. This is consistent 
with the suggestion that t”** suppressed crossing over strongly 
over its own length, leading to a compensatory increase in 
recombination in the adjacent segment. 
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Table 1 The effect of overlapping t-haplotypes on T-tf recombination 
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Sex of Offspring Recombination 
Parents heterozygote T+ Ttf ++ +tf Total (% tse.) 
Tet?) + /+tf x +tf/+tf 9 399 79 84 352 914 17.8+1.3 
3 327 86 73 377 862 18.3+1.3 
Teh) + /t E x ttf +t Q 70 se 2 81 153 1.3+0.9 
3 93 2 3 79 177 2.81.2 
Tpi T+tf Te? + Te ef Total 
+ (tt?) t tf x Tet /+tf Q 21 fo ee 17 38 
8 44 a — 4i 85 
Combined data RC Total 
(087) + E Q 2 191 1.0+0.7 
3 5 262 1.9+0.8 


Animals were classified for tail length within a few days (usually 1 day) of birth and for tufted, tf, at about 4 weeks. Any doubtful animals were kept 
and genetically tested. For the third group of crosses only the T-carrying offspring are shown as the remainder provide no linkage information. The 
seven recombinant animals in the crosses involving t!7 74"? were all genetically tested and shown to carry recombinant haplotypes. Both Ttf animals 
proved to be Tit”)tf/+tf. The 5++ animals all gave tailless offspring when crossed to T/+ (that is, they carried the T-int factor). Two permitted 
recombination between T and tf, and were shown to be due to chiasmata proximal to and distal to the overlap region; the remaining three are still being 


tested. RC, recombinant offspring. 


Thus, the available evidence, though not conclusive, is 
entirely consistent with the suggestion that in any t-haplotype, 
whether natural or a derived mutant consisting of proximal, 
central or distal region, crossover suppression is co-extensive 
with the t-chromatin. 


Chiasma formation 


In principle, crossover-suppression observed among the pro- 
geny may be due either to failure of chiasma formation or to 
normal chiasma formation with elimination of the products of 
crossing over. 

Because at meiosis the chromosome 17 bivalent cannot be 
unequivocally identified, this question has been studied in t- 
haplotypes by marking the chromosome with translocations. In 
mouse translocation heterozygotes, if there is a chiasma in each 
arm of the multivalent then a ring is observed at meiotic 
metaphase I. If one arm lacks a chiasma then a chain con- 
figuration is formed, and if two arms lack chiasmata there 
may be either a chain-of-three plus univalent, or two unequal 
bivalents. Forejt?’ studied the configurations formed at first 
meiotic division in males heterozygous for T(9; 17)138Ca, 
T(1; 17)190Ca and T(8; 17)43H. In each case animals carrying 
t? had a lower mean number of chiasmata in the translocated 
chromosomes than did their T/+ siblings. The reductions were 
0.27, 0.25 and 0.45 chiasmata per multivalent in T138, T190 
and T43, corresponding to map distances of 14, 13 and 23, 
respectively. Thus, they were approximately of the right order, 
as the recombination in T138 heterozygotes is reduced by about 
9% when the haplotype tê is present”. 

Because of the importance of this point, we have repeated 
Forejt’s work, using T138 and three other t-haplotypes, A 


and t”. Meiotic configurations in males heterozygous for 
T138Ca and a t-haplotype were compared with those in litter- 
mates or other close relatives heterozygous for T138 and T/+ 
(Table 2). In each case the number of chiasmata per multivalent 
was significantly lower in males carrying tf, t’* or t*** than in 
their T/+ relatives. For t® and t”* the reductions were 0.23 and 
0.21 chiasmata per multivalent, respectively, quite close to the 
value found by Forejt for t’?. With t° the difference was 
greater, about 0.39 chiasmata, but as only two t°? males were 
studied, little importance can be attached to this point. 

Our main conclusion is that, as a reduction in number of 
chiasmata in T138 multivalents is produced by four different 
t-haplotypes, t®, t'’, t% and t™??, then the crossover suppression 
caused by t is due to reduced chiasma formation, rather than 
elimination of products of chiasmata. 

In other organisms factors which lead to chiasma suppression 
have been classified as asynaptic or desynaptic, according to 
whether synapsis fails or whether synapsis occurs normally but 
chiasmata do not form”. It would be valuable to know whether 
t-haplotypes should be considered as asynaptic or desynaptic. 
We attempted to study chromosome pairing in chromosome 17 
of males with or without t by light microscopy of pachytene 
preparations. These studies revealed that the large pale Giemsa- 
staining band 17B pairs asynchronously even in normal (+/+ or 
T/+) animals and may be found unpaired when more proximal 
and distal bands are closely apposed (Fig. 2a). This is relevant as 
t-chromatin is thought to be located in this band (see below). 
However, there was no difference in pairing between +/ tê or 
+/t" and T/+ animals, either in these Giemsa-stained 
chromosomes or in synaptonemal complexes observed by light 
microscopy, using T138 as a marker of chromosome 17 (Fig. 
2b). Thus, chiasma suppression in t-haplotypes is probably of 


Table 2 Multivalent configurations and chiasmata at first meiotic division in male mice heterozygous for T138Ca and various t-haplotypes 
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No. of No. of cells with configuration No. of 
Haplotype males RIV ChIV ChHH +I 201! Total chiasmata Difference 
t”” 3 734 221 3 397 1,355 3.25 
Ttf 5 1,353 571 8 320 2,252 3.46 0.21 
p 2 453 161 3 414 1,031 3.04 
Ttf 4 1,244 291 9 400 1,944 3.43 0.39 
tê 7 2,176 570 22 1,189 3,957 3.24 
Ttf 5 1,860 452 16 503 2,831 3.47 0.23 


Males were bred by crossing Ttf/t+ x T138/T138. Testis preparations were made by the method of Evans et al.** and stained with toluidine blue. 
Observations were made of cells in diakinesis-metaphase I using coded slides. RIV, ring of 4; ChIV, chain of 4; ChIHI + I, chain of 3 + univalent; 20H, 


no multivalent configuration. 
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the desynaptic type, but further work, probably involving elec- 
tron microscopy, is needed to confirm this point. 

The chiasma suppression of t-haplotypes is typically studied in 
heterozygotes, having normal chromatin on the homologous 
chromosome. It would be valuable to know whether chiasmata 
are also suppressed when t-chromatin is present on both 
homologues. Does the abnormality involve mutual recognition 
of t-chromatin and normal chromatin, or is the low chiasma- 
forming property of t-chromatin autonomous? 

Crosses intended to test this point are in progress but have 
been inconclusive. Similarly, the crossover haplotypes derived 
from the t"’/t"'’ heterozygotes are being studied to determine 
whether any have resulted from chiasmata in the overlap region. 
To date, two t'’*” type mutants have been found (which give no 
information on chiasma position) and one each of mutants 
resulting from chiasmata proximal to and distal to the overlap 
region. It seems likely that chiasmata are suppressed at least to 
some extent, when t-chromatin is homozygous as well as when it 
is heterozygous, but further work is needed on this point. 


Location and extent of altered chromatin 


Genetically, the crossover-suppressing effect of t-haplotypes 
extends from the T to H-2 loci, but apparently not far beyond 


a Mouse Chromosome 17 
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H-2 (ref. 18). There is little evidence about the effect proximal 
to the T-locus. 

Cytogenetically, part (and perhaps all) of the t-chromatin lies 
in band 17B, the large band in chromosome 17, which stains 
lightly with Giemsa. The evidence for this comes from the 
relative location of translocation breaks and genetic markers 
(Fig. 3a). Translocations T(1; 17)190Ca and T(16; 17)43H have 
breaks in band 17B (refs 25, 26), and T(9; 17)138Ca in band 
17D (ref. 25) (Fig. 3b). Genetically, the T138 break is 3cM distal 
to H-2 (ref. 27) and that in T43H is very close to H-2K (ref. 28). 
Thus, it seems probable that the H-2 complex, and hence the 
distal end of t-chromatin, lies near the distal end of band 17B. 
The locus of tf (near the centre of the t-chromatin) apparently 
lies distal to the T190 break, and hence also in 17B (ref. 29). The 
position of the brachyury locus is less certain. Bennett’ reported 
that the brachyury allele, T"’, which involves a deletion extend- 
ing from T to qk, was cytogenetically detectable as a shortening 
of the A2 band. However, we have been unable to confirm this. 
In preparations made from 12-day embryos, some T"’/t"”’ and 
others +/t"’, no consistent differences between the pairs of 
chromosome 17 were detected (Fig. 4). Hence, it is not clear 
whether the T locus lies in band 17A2, or whether it too lies in 
17B. Thus, the stretch of altered chromatin in t-haplotypes 
probably occupies the whole of band 17B and may extend 
proximally into the 17A bands. 
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Fig. 3 a, Genetic (left) and cytogenetic (right) maps of mouse chromosome 17. In the genetic map the segment thought to be occupied by 

t-haplotypes is shaded. The approximate positions of the breakpoints in T190Ca, T43H, and T138Ca are shown by arrows. The genetic positions 

were determined by pedigree analysis; the evidence for the cytogenetic positions is shown in 6. Gene symbols as in Fig. 1 and also Ir-1, immune 

response-1; Ss, serum serological (factor C4 of complement); Tla, thymus leukaemia antigen; thf, thin fur. b, G-banded normal and translocated 
chromosomes showing breakpoints (arrowed) in T190Ca, T43H and T138Ca heterozygotes. 
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Nature of the genetic changes 


Although the exact mechanism remains unknown, it seems that 
t-chromatin alters the function of the chromosome at meiosis in 
such a way that chiasma formation is reduced. Moreover, as 
previously known, chromosome function in development is 
altered by t-chromatin, leading to embryonic lethality, 
modification of tail length and effects on spermatogenesis. In 
considering the type of change in the DNA which could produce 
such effects, it seems that major structural changes, such as 
inversions, are ruled out, as are long-range position effects 
acting from only one or two points. Such position effects could 
not explain the way in which effects on recombination change 
with length of haplotype, nor the fact that not only proximal and 
distal ends but also central fragments (t'"’-mutants) can retain 
t-properties. It seems that some change repeated along the 
altered stretch of DNA in band 17B must be involved. DNA of 
higher organisms is though to have five levels of organisation”: 
(1) unique sequences, including structural genes for proteins; (2) 
repeated genes coding for some types of RNA and protein for 
which multiple coding sequences are required; (3) moderately 





Fig.4 Above, three G-banded homologous pairs of chromosome 

17 from +/t"? embryos and below, three from T”? /t"? embryos, 

showing no detectable heterozygosity in length or staining of the 
pale A2 band (arrowed). 


repetitive sequences interspersed with the coding DNA 
(IDNA); (4) highly repetitive DNA, other than satellite DNA; 
(5) satellite DNA having highly repeated sequences and located 
in large blocks of chromatin. 

We postulate that in t-chromatin it is the moderately repeti- 
tive DNA, that is, level (3) of organisation, in the chromosomal 
segment occupied by each haplotype, that is altered. The struc- 
tural sequences in this segment seem to be present and normal. 
The evidence for this is that there are various known loci in the 
region occupied by t-haplotypes, such as the loci of qk, Kb and 
tf, for which t-chromatin seems to behave in a similar way to 
wild-type. Thus, t/qk, t/Kb, and t/tf phenotypically resemble 
+/qk, +/Kb, and +/tf, respectively. Therefore, one must 
assume that t-chromatin includes normal structural sequences 
for these loci. Conversely, a change in the iDNA could account 
for the observed phenomena. Such sequences are believed to be 
involved in the ‘fine-tuning’ of gene expression®’, and in meiotic 
crossing over’'. We postulate that t-chromatin differs from 
normal in such a way that chiasma formation is impaired, and in 
development the function of different structural loci is or is not 
materially altered, according to their dependence on the par- 
ticular change in ‘tuning’, which might, for instance, involve an 
alteration in timing or rate of transcription. Many of the effects 
might be quantitative, but if a processing gene’ was affected 
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then polypeptide structure might be altered. The lethality would 
result from one or more profoundly affected structural loci, the 
T-int effect from a slight effect on the T locus, whereas loci such 
as qk, Kb and tf, are not detectably affected. 

Because the relevant sequences are repeated, any change in 
them need not necessarily be an alteration in the sequence, but 
might instead be an altered number of repeats, or a combination 
of these factors. Each naturally occurring t-haplotype, such as t°, 
t*', and t** must be considered as potentially having its own 
particular type of altered iDNA. Hence, the T-int-, A- and 
LS-factors would potentially exist in allelic forms, according to 
the haplotype from which they were derived. 

The means by which naturally occurring t-haplotypes arise 
from wild type is problematic. For repetitive sequences some 
mechanism, not yet understood, may exist by which a change can 
occur throughout a chromosome segment, such as mouse 
chromosome 17B, in a single event. On the other hand, it is not 
certain that t-haplotypes do arise in a single event. In the 
laboratory, short stretches of t-chromatin found in mutant 
haplotypes are indefinitely stable. Therefore, it is possible that in 
the wild, short stretches arise and become elongated by unequal 
crossing over until they reach a length at which they have a high 
transmission ratio, by which they are then maintained in the wild 
population. The high transmission, combined with deleterious 
effects (lethality and sterility), gives the impression of a ‘parasitic 
gene’ (ref. 33), and this in turn raises the possibility that 
incorporated viral genomes may in some way be involved in 
t-haplotypes. However, any explanation along these lines would 
be purely speculative. 

Finally, if t-haplotypes are viewed as alterations iniDNA they 
acquire a new significance in studies of mouse genetics. Such 
DNA forms a significant part of the genome and if, as postu- 
lated, it affects gene expression, it would be expected to have 
important effects on the phenotype. Little work has so far been 
done on this question: t-haplotypes may provide a suitable 
system for future work. 

We thank M. D. Burtenshaw and B. B. Brown for assistance in 
scoring meiotic configurations in T138Ca heterozygotes, and G. 
Wilkins for photography. 
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Fragments of hepatitis B virus DNA isolated from Dane 
particles have been inserted into the Escherichia coli 
plasmid pBR322 and cloned. Cells carrying the hybrid 
plasmid synthesise antigenic material that reacts 
specifically with antisera to hepatitis B viral antigens. 


AA a AAAA AAAA AAA AA AAA ie aaar a aana aaam eaan 


INFECTION with hepatitis B virus (HBV) is widespread in man. 
Between 3 and 15% of healthy blood donors in Western Europe 
and the, US show serological evidence of past infection and 
about 0.1% are chronic carriers of the virus. In many African 
and Asian countries the prevalence is much higher and the 
majority of the adult population have been infected, while 
5-10% of the population are chronically infected’. Most 
infections are subclinical and are followed by apparently 
complete recovery with the development of virus-specific anti- 
body. However, a significant proportion of infections (probably 
1-5%) may produce chronic sequelae including persistent 
infection, chronic hepatitis of various types, cirrhosis and 
possibly primary liver cancer. 

Plasma from some blood donors and patients infected with 
HBV contains 42-nm spherical particles (Dane particles)’ which 
have serological and biochemical properties, suggesting that 
they are the infective virions of hepatitis B. These have an outer 
envelope containing the hepatitis B surface antigen (HBsAg) 
and an inner core (diameter 27 nm) bearing a second unrelated 
antigen, the hepatitis B core antigen (HBcAg). Within the core is 
a double-stranded circular DNA molecule of molecular weight 
~2 x 10° which has a large variable gap in one strand, and an 
endogenous DNA-dependent DNA polymerase activity that 
can fill in this gap in in vitro reactions’. There is some evidence 
that the total virus genome length may be around one-third 
greater than the 2x 10° daltons found in single molecules in 
which case productive infection of a cell may require simul- 
taneous infection by at least two genetically different particles’. 
A third antigen, the hepatitis B e antigen (HBeAg), which is 
probably also virus-coded, is found free in the plasma of some 
infected individuals and possibly also in association with Dane 
particles. Passively or actively acquired antibody to HBsAg 
(anti-HBs) confers some immunity to subsequent HBV chal- 
lenge, and prototype vaccines composed of purified inactivated 
HBsAg prepared from the plasma of infected carriers are being 
evaluated*. However, the virus cannot be grown in tissue culture 
and normally infects only man and apes. This means that 
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molecular studies of the virus and its genome have been based 
on the limited amounts of material obtainable from the plasma 
of infected individuals. Such studies could be advanced 
considerably by insertion of HBV DNA into a bacterial plasmid 
or phage to allow its production in quantity from cloned, purified 
single molecules. Such clones would also be useful for studies of 
the expression of HBV gene products in bacterial cells, and for 
large-scale production of HBV DNA and viral antigens for 
diagnostic purposes and, possibly, vaccine production. 


Restriction of HBV DNA 


The published information on digestion products of HBV DNA 
(Dane particle DNA) with restriction endonucleases”® is limited 
and so additional analyses of this type were carried out before 
attempting cloning experiments. The amount of HBV DNA 
available was limited (about 90 ng from 5 ml of plasma), so the 
DNA was first labelled with 7P in the endogenous DNA poly- 
merase reaction’. DNA from bacteriophage A was then added as 
a carrier to titrate the restriction enzyme and to provide 
reference fragments of known size. The digests were analysed by 
electrophoresis in agarose gels and the results of some of these 
experiments are shown in Fig. 1. 

The heterogeneity of the undigested labelled HBV DNA 
(tracks 6 and e) precluded a detailed analysis of the restriction 
digests. The multiple bands of rather similar size could be due in 
part to the presence of linear and circular forms of otherwise 
similar molecules, in part to differing degrees of repair synthesis, 
although repeated DNA preparations from the same plasma 
sample gave reproducible patterns; the heterogeneity could also 
represent a true molecular dispersity from a mixed population of 
virions. HBV DNA preparations from several individual donors 
were all heterogeneous and differed slightly from each other (an 
example is included in Fig. 1; tracks a, b andc compared with d, 
e and f) both before and after digestion with various restriction 
enzymes. Heterogeneity has also been observed by Landers et 
al in the products of the endogenous polymerase reaction 
which comprised two principal radioactive components 
representing linear and circular molecules with additional minor 
components due to incomplete repair. Examination of the HBV 
DNA (Fig. 1, tracks b and e) by electron microscopy showed 
that the population contained circular molecules of MW ~ 
2x 10° and linear molecules ranging from 0.5 to 10x 10°. The 
linear molecules represented about three times the concen- 
tration of circular molecules and only a few of them had a MW 
around 2 x 10°, the majority being between 0.5 and 1 x 10°. The 
heterogeneity observed on electrophoresis was, therefore, not 
due to circular and linear forms of similar length and few, if any, 
of the linear molecules were labelled in the polymerase reac- 
tions. 
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Fig. 1 Autoradiographs of restriction enzyme digests of HBV DNA after electrophoresis in agarose gels. Examples of HBV DNA isolated from the plasma of two 


blood donors are shown, the samples in tracks a, b and c from one donor being directly comparable with those in tracks d, e and f from the other: the sample used for 
the digests in tracks d, ¢ and f was also used for all the other digests shown, and also for the preparative experiments for cloning. In addition to the autoradiographs, the 
figure includes examples, indicated by primed letters, of the gels stained with ethidium bromide to reveal fragments of the A* DNA included with the HBV DNA in the 
restriction reactions. HBV DNA was prepared from Dane particles isolated by two cycles of ultracentrifugation from clarified plasma obtained from individual 
HBsAg-positive blood donors essentially as described by Landers er al.*. The single-strand gaps in the DNA molecules were repaired and the DNA radioactively 
labelled in reactions with the endogenous DNA polymerase in which *H-dCTP and *H-dTTP (22 and 30 mCi umol', respectively; Radiochemical Centre 
Amersham) or “*P-dGTP (300 mCi y,mol”') were included®. The released core particles were further purified by sedimentation through 30% w/v sucrose solution 
and DNA was isolated by treatment with proteinase K (Boehringer~-Mannheim, 2 mg mi~’ in 0.6% SDS) followed by phenol extraction and dialysis. Restriction 
enzyme digests (37 °C. 1.5 h) were carried out in 10 mM Tris-HCl, pH 7.5, 10 mM MgCl, 10 mM 2-mercaptoethanol, 40 mM NaC} after addition of phage A DNA 
(0.5-1 ug per reaction) and the reactions were stopped by heating at 70 °C for 5 min. The samples were then applied to 1% w/v agarose gels** in 0.04 M Tris-acetate, 
pH 8.2 for electrophoresis (35 mA, 8 h). Gels were stained with ethidium bromide and photographed under UV light** and then either placed in alkali to denature 
DNA fragments for transfer to cellulose nitrate membrane filters’* or dried on Whatman 3MM paper for autoradiography. The MW of the fragments of HBV DNA 
was estimated from their electrophoretic mobility’* with reference to fragments of A* DNA in digests with R. EcoRI and R. HindIII included in the same gel**. These 
results are included in Fig. 2 which gives a provisional map of some of the restriction targets relative to each other 


Digestion of HBV DNA with REcorRI or R.Bgill changed 
the pattern of the major bands only slightly (Fig. 1 tracks c, f and 
g) whereas digestion of the DNA with these two enzymes 
together (track h) gave a radioactive fragment, MW 0.75 x 10° 
as the principal component, with little of the original DNA 
remaining. This is consistent with the introduction of a single 
break in circular molecules by either enzyme alone to give intact 
linear molecules; when the two enzymes acted together two 
fragments were formed, the smaller containing the entire 
labelled region. On digestion with R.Kpnl (track i) almost the 
whole group of bands was displaced down the gel corresponding 
with the loss from each of a fragment of MW ~ 0.4 x 10° but no 
corresponding radioactive fragment was found. This suggests 
that HBV DNA may contain at least two targets for R.KpnI 
located outside the region repaired in the reaction with DNA 
polymerase and spanning a sequence common to all the mole- 
cules. The alternative explanation requiring cleavage of circular 
molecules at a single target to give linear molecules is less likely 
in view of the behaviour observed in the R.EcoRI and R.Bgill 
digests. R.Haelll furnished a spectrum of fragments with a 
range of sizes (track r) in a pattern broadly similar to that 
published**. Digestion of HBV DNA with R.Aval and with 


R.BamHI gave several radioactive fragments (tracks j and g); a 
major product of the R.Aval digest had a MW of 0.88 x 10°, 
while radioactive fragments of 1.2 x 10° and 1.8 x 10° occurred 
in the R.BamHI digests; in other digests with R.BamHI smaller 
fragments were also observed. These results, together with the 
principal radioactive products found in various digests with pairs 
of restriction enzymes (for example, R.EcoRI and R.Aval, 
track a or d) are summarised in Fig. 2. Within the constraints 
imposed by the dispersity of the HBV DNA preparations used, 
they provided the approximation of relative positions of restric- 
tion targets as shown. 

The results imply that, in most molecules, the single-stranded 
gap repaired by the endogenous DNA polymerase lies within a 
relatively constant region of the DNA sequence; Landers et al. 
similarly concluded, from an analysis of R.Haelll digests after 
different polymerase reaction times, that DNA repair took place 
largely within the same one-third to one-half of the total DNA 
sequence, although initiation of DNA repair could occur at 
variable sites within this region. 

Digests of HBV DNA with R.EcoRI or R.BgiIl offer the 
possibility of cloning the entire HBV genome, while major 
fragments might be cloned from digests with R.BamHI, R.Kpnl 
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or R.Aval, or from various double digests. For structural studies 
of the HBV genome it is desirable to clone the entire DNA 
molecule, but clones covering a range of fragments could well be 
more useful for attempts to demonstrate the expression of HBV 
sequences in E. coli, Micromethods based on radioimmunoassay 
can be applied to individual bacterial colonies or phage plaques 
for the detection of specific polypeptides’. As many eukaryotic 
genes will not be expressed in prokaryotic cells it appeared 
desirable to insert HBV DNA fragments within a prokaryotic 
gene so as to produce a fused polypeptide; for this purpose the 
R.Pst target in the E. coli plasmid pBR322 has been used 
successfully“. 


Cloning of HBV DNA fragments in pBR322 


HBV DNA isolated from Dane particles from a single HBsAg 
positive, HBeAg positive donor (serotype adyw ) was labelled to 
a low specific radioactivity with °H in a repair reaction with the 
endogenous polymerase in order to facilitate its handling. This 
preparation was then variously digested with R.EcorRI, 
R.BamHI, R.Beglll, R.KpnI and R.Aval. Portions of the 
R.EcoRI and R.BamHI digests were used for insertion at the 
respective sites of appropriately restricted pBR322 DNA by 
annealing and ligation with T4 DNA ligase. The fragments from 
the other restriction enzyme digests and the remainder of the 
R.EcoRI and R.Bam digests were treated with polynucleotide 
terminal transferase for addition of 3’ oligo (dC) sequences’. 
These fragments were annealed to pBR322 DNA to which oligo 
(dG) sequences had been attached after cleavage with R.Pst. 
The DNA preparations were then used to transform competent 
cultures of E. coli HB101 and transformants were screened for 
the acquisition of HBV sequences on the following basis. Cells 
transformed with recombinants made using the R.Pst site in 
pBR322 retained their resistance to tetracycline, but became 
sensitive to ampicillin. Cells transformed with recombinants 
made using the R.BamHI site in pBR322 became sensitive to 
tetracycline, but retained their resistance to ampicillin, while 
cells transformed with DNA cloned using the R.EcoRI site 
remained resistant to both antibiotics’? and were detected by 
colony hybridisation'’ with **P-labelled DNA from Dane 
particles. The presence of HBV DNA sequences in colonies 
where antibiotic resistance and sensitivities indicated the 
insertion of additional DNA into the plasmid was confirmed by 
colony hybridisation. 


Characterisation of pBR322—~HBV hybrids 


Plasmid DNA isolated from cell cultures that had been treated 
with chloramphenicol to amplify plasmid production’? was 
analysed by gel electrophoresis before and after digestion with 
restriction endonucleases. 

DNA fragments from several of the gels were transferred to 
cellulose nitrate filters for hybridisation’’ with HBV DNA 
labelled with **P by the endogenous polymerase reaction. 
Examples of these results are shown in Fig. 3 and some of the 
characteristics of the cloned segments are given in Table 1. The 
hybridisation observed with appropriate fragments does not 
establish conclusively that the cloned sequences were HBV- 
specific, for the cloned DNA and **P-labelled probe had been 
prepared from the same plasma sample. Thus contaminating 
non-viral DNA fragments that had been cloned inadvertently 
would also have been detected if the same non-viral DNA 
sequence was labelled by the endogenous polymerase; however, 
in other experiments such **P-labelled probes hybridised with 
DNA from HBV-infected liver tisue, but not with DNA from 
normal human liver. Furthermore, preparations of *’P-labelled 
DNA made from Dane particles purified from four different 
blood donors gave the same patterns when hybridised against 
restricted DNA fragments from the recombinant plasmids, thus 
strengthening the view that the cloned sequences were in fact 
HBV DNA. 

The results presented in Fig. 3 are examples taken from the 
large number of recombinant colonies obtained from the trans- 
formation experiments and relate to colonies described below. 
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EcoRI 


Fig.2 The size and approximate relative order in the HBV genome of some 

of the major fragments in various restriction enzyme digests (Fig. 1) of HBV 

DNA. The site for R.EcoRI is taken arbitrarily as a reference point for the 

circular map. The shaded area indicates the region labelled with **P in the 
endogenous repair reaction. 


Expression of HBV sequences 


A population of the colonies carrying putative recombinant 
plasmids, selected on the basis of drug resistance and sensitivity 
characteristics, was screened for the production of HBV 
antigens. Three test systems were used in the solid phase method 
of radioimmunoassay described by Broome and Gilbert’ which 
uses polyvinyl disks coated with IgG from specific antisera. 
These disks are placed in contact with cells producing antigen 
which binds to the IgG surface. When subsequently incubated 
with '**I-labelled IgG from the same antiserum, the bound 
antigen retains the label and can be detected readily by 
autoradiography. The sera used were anti-HBs (human and 
hyperimmune animal sera), anti-HBc (human sera containing 
HBsAg and HBeAg and selected on the basis of a high anti-HBc 
titre) and anti-HBc and anti-HBe together (human sera 
containing HBsAg and high levels of anti-HBc and anti-HBe). 

Clear positive results were obtained in the two test systems 
containing anti-HBc. Of some 350 colonies tested, 13 gave 
intense spots on autoradiography with the anti-HBc + anti-HBe 
antibodies (Fig. 4a). Most of these colonies remained strongly 
positive when re-tested in both the anti-HBc and anti-HBc+ 
anti-HBe assay systems (Fig. 4b). None of the clones giving a 
negative response in the initial screening was subsequently 
positive, but some clones that were positive initially gave a 
negative result after subculturing, which probably reflects 
instability of some of the hybrid plasmids. All of the clones that 
were positive in the anti-HBc+anti-HBe system were positive 
when tested with anti-HBc alone, implying that none was 
producing detectable levels of HBeAg. If lysis of the bacterial 
colonies with phage A before radioimmunoassay was omitted, 
only a very faint outline of the positive colonies was discernible 
(Fig. 4c). This is consistent with the presence of the antigen as a 
periplasmic polypeptide fused to the major part of B-lactamase 
(penicillinase) as anticipated. The sensitivity of this assay was 
shown to be comparable with that attainable with the same 
reagents in a solid phase microtitre well assay’* by titration of 
10 ul samples (diluted progressively from 1 in 400) of semi- 
purified HBcAg from human liver’. 

The immunological specificity of the reactions was confirmed 
by the following observations. Replicate assays with different 
anti-HBc sera identified the same positively reacting clones. The 
positive reactions in the HBcAg assay were abolished if the 
polyvinyl disks were coated with normal human IgG instead of 
specific anti-HBc IgG, or if the normal human serum used as 
diluent for the '*"I-labelled antibody was replaced by anti- HBc- 
positive serum from a different donor (by competition with 
excess unlabelled anti-HBc), or if '**I-anti- HBS replaced I- 
anti-HBc in the assay with the anti-HBc coated disks. Finally, | 
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Fig. 3 Electrophoretic separation in agarose gels pHBV-66 invite as 
of restriction enzyme digests of recombinant nA ws ne PHBV-139 
plasmids comprising pBR322 and HBV DNA chee aT a a E E ST EM i I D t wap TT a % @ 4 


sequences. The examples shown are of plasmids 
(Table 1) that elicit production of antigenic 
material that reacts specifically with antibodies to 
HBcAg (Fig. 4). The left-hand panels show DNA 
fragments revealed by staining with ethidium 
bromide and photography under UV light. After 
photography, gels were soaked in alkali for dena- 
turation of the DNA fragments which were then 
transferred to cellulose nitrate membrane filters’? 
for hybridisation with *’P-labelled HBV DNA 
and autoradiography; the right hand panels show 
the corresponding radioautographs. HBV DNA 
(~0.5 ug) labelled with *H was prepared from 
40 ml clarified blood plasma from a donor with a 
high titre of HBsAg, serotype adyw as described 
in the legend to Fig. 1 and ref. 6. In one experi- 
ment 0.5 ug E. coli DNA was added as a carrier, 
but in a second the carrier was omitted. The DNA 
was divided into six portions for various restriction 
enzyme digests. Portions of R.EcoRI and R. BamHI digests were incubated with pBR322 digested with the same enzyme in reactions with T4DNA ligase** (1 U ml"', 
10 °C for 3 h followed by storage at 0 °C) in 66 mM Tris-HCI pH 7.2, 10 mM MgCl», 40 mM NaCl, 0.2 mM EDTA, 0.1 mM ATP, 10 mM 2-mercaptoethanol. The 
remainder of the R.EcoRI and R.BamHI digests as well as R.Kpnl and R.BgilIl digests were used in terminal transferase reactions, but with the exception of the 
R.KpnI digest the samples were first incubated with phage A exonuclease (1.5 h at 0°C in 50 mM Na glycinate, pH 9.5, 5 mM MgCl, 50 ug ml~' bovine serum 
albumin (BSA) followed by phenol extraction and recovery of the DNA by ethanol precipitation) to remove the 5’ single-stranded projections left by the restriction 
enzymes. Poly(dC)sequences were attached to the 3' termini by incubation with polynucleotide terminal transferase’ (250 U ml‘ for 10-20 min at 27 °C) in 15 pl 
100 mM potassium cacodylate, pH 7.0, 1 mM CoCl,. 1 mM dCTP, 50 pg ml ! BSA, and the reactions stopped by addition of excess EDTA. An approximately molar 
equivalent of pBR322 DNA digested with R.Pst and incubated in similar reactions with dGTP instead of dCTP (from Dr J. van den Berg) was then added and the 
samples diluted to 50 yl for annealing in 50 mM Tris-HCl, pH 7.5, 100 mM NaCl, 5 mM EDTA, heated to 60 °C and gradually cooled to room temperature over a 
period of about 5 h. Aliquots of the solutions (10 wl) were then incubated with competent cultures (0.1 wl) of E. coli HB101 prepared as described by Lederberg and 
Cohen?’ and incubated overnight at 37 °C on L-agar plates containing tetracycline (20 pg ml” ') or ampicillin (50 pg ml‘). Colonies were subcultured on to Millipore 
filters supported on appropriate agar plates to test their resistance or sensitivity to the two antibiotics and for colony hybridisation'' with *’P-labelled HBV DNA 
from Dane particles. Colonies giving positive hybridisation reactions were grown in liquid culture and then shaken overnight at 37°C after addition of 
chloramphenicol (170 pg ml~') to amplify the number of plasmids within the cells which were then collected by centrifugation and treated with lysozyme and 
EDTA". The resulting spheroplasts were lysed with Triton X-100 and the plasmid recovered by equilibrium centrifugation in CsCl solution (0.95 g per ml lysate) 
containing ethidium bromide (200 pg ml~'). The plasmid bands were collected, extracted with propan-1-ol saturated with aqueous CsCl, dialysed, and samples 
digested with restriction endonucleases as described in the legend to Fig. 1. The results shown are from the following hybrid plasmids: pHBV-66 in tracks a, b, ¢ and d 
in which a is the undigested plasmid and b, c and d are digests with R. Pst, R.Kpnl and R.BamH1I, respectively; pHBV-110 in tracks e, f, g and A, in which e is the 
undigested plasmid and f, g and A are digests with R.Pst, R.BamHI and R.BamH1+ R.EcoRI, respectively; pHBV-139 in tracks j, k, l, m and n, in which j is the 
undigested plasmid and k, /, m and n are digests with R. Pst, R.Baml, R.EcoRI, and R.BamH I + R.EcoRI, respectively. Tracks į and p show reference digests of A* 
DNA with R.EcoRI+R.HindIII2* which also contained “P-labelled undigested DNA from Dane particles. The primed letters identify the samples on the 
autoradiograph, made on Kodak X-omat H X-ray film with an intensifying screen, of the cellulose nitrate filters after hybridisation with HBV DNA. 





absorption of the radioactive anti-HBc with semipurified 
HBcAg'*, by overnight incubation at 4 °C followed by centri- 
fugation to remove the excess antigen, abolished the positive 
result in the radioimmunoassay. Thus the detection of an as yet 
unidentified HB V-specific antigen by interaction with its specific 
antibody present in the sera of HBV-infected individuals 
remains a formal possibility, but it is unlikely, and the results are 
wholly consistent with the observed activity being that of 
HBcAg. The HBcAg polypeptide detected in the colonies, 
however, is unlikely to be identical with that occurring naturally 
for the cloning experiment was such as to produce polypeptides 
linked to B-lactamase*. However, it has not been established 
that this is the case and it remains possible that translation of 
GB-lactamase sequences could be terminated and followed by 
reinitiation, but against this is the occurrence of clones that do 
not exhibit HBcAg activity, but which contain HBV DNA 
fragments similar to those that do. The point will be clarified by 
DNA sequence determination, which is in progress. All of the 13 
HBcAg-positive clones had been made using the R.Pst site in 
pBR322, five with fragments from R.BamHI digests of HBV 
DNA and eight from R.Kpnl digests. Not all of the plasmids 
have been isolated for analysis, but the three illustrated in Fig. 3 
were all from cells giving positive reactions for HBcAg. The 
smallest fragment of HBV DNA in these plasmids (Table 1) was 
about 0.95 10° daltons, but others with an HBV fragment 





Table 1 Some properties of the plasmids shown in Fig. 3 








Targets for restriction enzymes 
within the HBV sequences 


MW of fragment 
excised by R.Psr 


Hybrid plasmid x10~° R.EcoRI R.BamHI  R.Aval 
pHBV-66 1.2 + 4 ‘ 
pHBV-110 0.95 + + 
pHBV-139 1.16 — + 4 





In all the plasmids, the site for R.BamHI within the HBV sequence is located 
about 0.7 x 10° daltons from the R.Psr site near the R. EcoRI site. 


about half this size also gave positive reactions for HBcAg; 
values reported’ for the MW of the naturally occurring HBcAg 
range from 17,000 to 80,000. 

In an equivalent assay for HBsAg, similar, but faint positive 
reactions were obtained with four clones which are being 
analysed further. One might expect detection of expression of 
serological activity to be more difficult with HBsAg than with 
HBcAg as its protein moiety is markedly hydrophobic and hence 


Fig. 4 Autoradiographs showing the detection by radioimmunoassay’ of 
bacterial colonies expressing HBcAg. a, Four HBcAg-positive colonies 
amongst 52 colonies examined on one plate. b, The result obtained when 
initially positively reacting colonies, together with a random selection of 
colonies giving a negative reaction, were subcultured from stock plates and 
re-tested. c, A duplicate of b in which lysis of the colonies with phage A 
before radioimmunoassay was Omitted. Colonies of the bacteria were grown 
at 37 °C overnight on Millipore filters supported on nutrient plates contain- 
ing tetracycline (to maintain selection for the plasmid). The cells were lysed 
by imprinting the filters for a few minutes on a lawn of bacteria confluently 
lysed with a virulent derivative of phage A and then incubating further for 
several hours at 37°C. Polyvinyl disks coated with anti-HBc + anti-HBe 
specific human IgG (60 ug ml~') were placed face down on the colonies, 
which had obviously lysed, and incubated at 4 °C for 3—4 h. The disks were 
then removed and washed thoroughly and vigorously to remove the 
considerable quantity of adherent viscous bacterial debris. Finally the disks 
were incubated overnight at 4°C with homologous ‘**I-labelled IgG 
(10° c.p.s. per peg, 2x 10* c.p.s, per ml), washed thoroughly and autoradio- 
graphed on Kodak Blue X-ray film exposed for 2d with an intensifying 
screen. 
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tends to remain associated with lipid'®, and some experiments 
(but not others) suggest that carbohydrate residues on HBsAg 
glycoprotein may be required for full serological activity'’"*, 


Conclusions and further implications 


A large number of hybrid DNA molecules comprising pBR322 
and various fragments of the HBV genome have been cloned 
and propagated in E. coli. It thus becomes possible to produce 
HBV DNA in the quantities required for detailed structural and 
sequence analysis and location of the various coding sequences 
in the viral genome. Such analysis with DNA from several 
independent isolates and clones will explain the basis of the 
heterogeneity found in DNA from Dane particles. The DNA 
will also be useful for further genetic manipulation related to 
studies of expression and as a source of a highly radioactively 
labelled probe for hybridisation experiments for both diagnostic 
purposes and fundamental studies. 

When inserted within a normal coding sequence of the E. coli 
plasmid the DNA from hepatitis B virus, which normally infects 
only man and apes, can be expressed to give serologically active 
translation products. This suggests that at least the region of the 
HBV genome coding for the amino acid sequence necessary for 
serological activity probably does not contain inserted 
sequences, or ‘introns’, which have now been found in a number 
of eukaryotic and viral genes'**’, for it is widely believed, 
although not proved, that E. coli cannot process transcripts of 
these sequences. None of the hybrid plasmids so far examined 
contains a target for R.EcoRI within the HBV sequences. It was 
thus possible to insert the entire plasmid into a derivative of 
bacteriophage A using this restriction site and plaques of the 
recombinant phage gave positive reactions in the disk radio- 
immunoassay (results not shown), The HBV sequences may well 
prove more stable when propagated within the phage genome, 
especially as a lysogen, and appropriate exploitation of the 
phage regulatory systems should permit significantly increased 
yields of the antigens from E. coli, raising the possibility of large 
scale antigen production for diagnostic purposes and develop- 
ment of vaccines. The insertion of HBV DNA into a phage A 
derivative has been described very recently by Fritsch et al.**. 
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A 3-s delay in an optical burst from 
X-ray burst source MXB1735 — 44 


THE discovery of optical bursts from the X-ray burst source 
MXB1735 — 44 was reported in a previous article’. One burst 
event was detected in both X rays and optical light. We showed 
(in Fig. 1 of the earlier article) that the optical burst is delayed by 
«1.5 relative to the X ray burst. We concluded that to within 
the accuracy of the SAS 3 quick-look data timing (+1), the 
onset of the optical burst was coincident with that in X rays. A 
few months after the completion of our earlier paper, SAS 3 
production data became available. We here report a re-analysis 
of the arrival times of the X ray and optical bursts based on these 
data which contain the universal time to an accuracy of <5 ms. 
We now find (as shown in Fig. 1) that the optical burst is delayed 
significantly by 2.8 s. 

The optical observations were performed using the 1.5-m 
telescope at the Cerro Tololo Interamerican Observatory and a 
red-blocked RCA 31034 photomultiplier tube which had an 
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effective bandpass including the transmission of the atmosphere 
of 3,100-5,500 A (FWHM). The absolute time, which was 
maintained to within 10 ms of UT by monitoring WWV , and the 
optical data in 100-ms integrations were recorded on a digital 
tape. Simultaneous X-ray observations were made with the 
horizontal tube detectors aboard the SAS 3 observatory’. The 
three energy channels of interest are 3-6 keV, 6-12 keV and 
8-19 keV which have time resolutions of 0.42s, 0.83s and 
0.83s, respectively. The X-ray production data are assigned 
absolute times in a three-step process. First, real time X-ray data 
and timing data from the spacecraft clock are tagged with the 
absolute time at the NASA ground station in Quito, Ecuador, by 
recording them simultaneously with the output of a UT caesium 
clock. Second, in the production analysis at Goddard Space 
Flight Center the real time data are used to assign UT to the bulk 
of the data which are played back from the on-board tape 
recorder. Third, corrections for the variable VHF propagation 
time from the satellite to the ground station are made using a 
satellite ephemeris based on four days of radar-Doppler track- 
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ing data. Atmospheric propagation delays limit the accuracy of 
the absolute timing of the production data to +5 ms of UT. 

In the burst event shown in Fig. 1, the optical burst was 
delayed by 2.8 s relative to the 3~6-keV X-ray burst and =2.0 s 
relative to the 6—19-keV burst. Defining the moment of detec- 
tion as the time of the first bin in which there is a =3o increase 
above the mean background counting rate, the burst was detec- 
ted first in the 3-6-keV band at 08.22.20.2 UT. The higher- 
energy X rays were delayed by =1 s and the optical pulse was 
delayed by 2.8+0.5s. The +0.5-s uncertainty (~20) in the 
optical delay was derived by examining alternative binning 
schemes for the optical and the X-ray data which have 
fundamental time resolutions of 0.1 s and 0.42 s, respectively. 
One sigma gaussian error bars are shown in Fig. 1. Also, the 
exact Poisson statistical significance of the first bin to exceed 30 
in each bandpass is given. The dotted line in Fig. 1 shows that the 
optical data are equally consistent with a 3-s linear rise to 
maximum from the time the burst was first detected or with a 3-s 
delay followed by an abrupt rise to maximum. The optical burst 
has about twice the duration of the X-ray burst. About half of 
the total optical burst flux was detected at a statistical 
significance of 4.00 during the 7-s interval from 08.22.25.5 to 
08.22.32.5 UT, well after the X-ray flux had ceased. 

The higher energy X-ray pulses are delayed ~1 s relative to 
the 3-6 keV pulse and decay ~1s sooner. The X-ray data are 
consistent with a black body emitter which is heated in ~1s, 
reaches a peak temperature ~30 x 10° K and subsequently cools 
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Fig. 1 X-ray/optical burst from the X-ray burst source 
MXB1735 — 44. The event was detected first in 3-6-keV X rays, as 
marked by the vertical dashed line, and ~2.8 s later in blue light. 
The background counting rates and their approximate (N?) 
uncertainties are indicated by horizontal dashed lines and error 
bars, respectively. The exact Poisson statistical significance of the 
first bin to exceed a 3g detection threshold is also given. The dotted 
line shows that the optical data are equally consistent with a 3-s 
linear rise to maximum from the time the burst was first detected or 
with a 3-s delay followed by an abrupt rise to maximum. A large tail 
is apparent in the optical data (see text). a, Optical 3,100-5,500 A; 
b, 3-6 keV; c, 6-12 keV; d, 8-19 keV. 
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in ~1 s. This agrees with detailed studies of the X-ray spectra of 
several burst sources which show that the burst emission near 
maximum is best fitted by a 25~30 x 10° K black body**. 

The optical pulse is probably produced by the reprocessing of 
the X-ray pulse into light in an accretion disk or in the pho- 
tosphere of an optical companion. The ~3-s delay of the optical 
pulse may then be attributed to one or both of the following 
effects: (1) light travel time in the system and (2) the time 
required to reprocess X rays into light. (We neglect propagation 
delays due to the interstellar medium which are probably negli- 
gible as shown by simultaneous optical and X-ray observations 
of the Crab pulsar®.) For relatively neutral matter, in the outer 
portion of an accretion disk (R = 1 light s) or in the photosphere 
of a companion star, the reprocessing time for the bulk of the 
photon flux would be small (<1 s). This is a consequence of the 
soft (~30 x 10° K) black body spectrum of the burst radiation 
discussed above. Two-thirds of the photons are below 8 keV 
(~40% of the energy) and would be photoelectrically absorbed 
by C, N and O at small optical depths’. The third of the photons 
above 8 keV (~60% of the energy) would be reprocessed more 
slowly’, and might contribute to the observed optical tail dis- 
cussed above. 

If the optical pulse originates in the atmosphere of a stellar 
companion, then it will be delayed due to light-travel time by an 
amount 


AT =L/c[1—cos ¢ sin i] 


where L is the average distance of the X-ray star from the 
photosphere of the companion and ¢@ and i are the orbital phase 
and inclination angles, respectively. We have assumed that the 
orbit is circular and that the stellar radius is not too large 
compared with the binary separation. For any ij and over the 
range of œ for which a significant portion of the heated pho- 
tosphere is visible (120° < @ = 240° for large į and the full range 
of œ for small i)®, AT =3 s gives: 


1.5 light s 1 <6 light s 
OF 


The model predicts an observable modulation (225% for 
i= 15°) of the delay time at the orbital period. As we noted in 
our earlier paper’, the lack of photometric variability 
(<0.1 mag) in the steady optical source”'° argues against this 
model and suggests that an accretion disk may contribute 
significantly to the optical luminosity and/or shield much or all 
of the stellar surface. 

Alternatively, the optical pulse could be produced in the outer 
portion of an accretion disk (R ~2~3 light s). In this case the 
time delay would show at most a small modulation at the orbital 
period (see DQ Her in refs 11, 12). It may also be variable, if for 
example, the burst emission is beamed or if there are changes in 
the structure of the disk. 

The optical pulse might also originate in the fully ionised inner 
portion of an accretion disk (R <1 light s) which is not shielded 
from the compact source and in which the reprocessing time is 
long. The results of steady-state calculations for uniform density 
models scaled to high densities’*'* and for models of X-ray 
illuminated atmospheres extrapolated to high fluxes’ suggest 
that irradiated matter within ~1 light s of the compact source 
will be thick to Thomson scattering and thin to photoelectric 
absorption. In these conditions the burst X rays which are not 
reflected from the disk will undergo many Thomson scatterings, 
and the bulk of the optical photons will be produced at large 
optical depths. Detailed calculations are required to estimate 
how these and other reprocessing effects would determine the 
delays, widths, rise times and intensities of optical bursts. 
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Experimental folding in ice 
and the resultant c-axis fabrics 


FOLDS are commonly observed features of naturally deformed 
rocks'and glaciers”’. Many different materials* have been used 
to model naturally occurring fold patterns. The deformation 
experiment described here used ice as an analogue for quartz in 
quartz-rich rocks by deforming a sample with an initially planar 
layering or anisotropy. This deformation is compared with 
samples of unlayered isotropic polycrystalline ice (Fig. 1a). Ice is 
convenient to use in the laboratory because of its relative ease of 
deformation at readily controlled temperatures. When used to 
model the behaviour of quartz-rich rocks, ice is a realistic 
analogue because both ice and quartz have: (1) hexagonal 
crystal structures; (2) exhibit similar optical properties; (3) form 
polycrystalline aggregates; and (4) deform using common crys- 
tallographic slip planes, particularly the (0001) basal planes””. 
In our experiments, a sample of multilayered ice consisting of 
plates of fine-grained ice sandwiched between layers of coarser 
ice (Fig. 1c) was deformed in a plane strain apparatus. The 
c-axis orientations of the grains were initially random and 
therefore the composite sample resembled the structure of many 
naturally occurring quartzites’. The experimental technique 
described here makes it possible to explore the relationship 
between initial anisotropy on folding and fabric development. 

Cylinders of polycrystalline ice were prepared from a mixture 
of sieved ice-crushings and distilled water (details of the method 
will be published elsewhere). The ice contains equant grains of 
essentially uniform grain size with randomly orientated c-axes. 
The grain size can be controlled and for these experiments 
cylinders with grain sizes of 1 mm (fine grained) and 2mm 
(medium grained) were produced. An irregular distribution of 
small air bubbles between 0.1 and 0.2mm diameter were 
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Isotropic 





Anisotropic 


Fig.l a, Anisotropic block of fine-grained ice with circular strain 
markers. b, The isotropic sample after 21% shortening and the 
strain markers are now ellipses. c, The planar fine- and medium- 
grained layers in the anisotropic block, separated by the films of 
frozen water, d, The anisotropic ice after 36% shortening. Voids 
have developed between layers (black), and air bubbles are more 
elongate (fine lines) in the hinge region of the fine-grained layers. 
Only a few elliptical strain markers have been preserved on this XZ 
face after deformation. 


present at an estimated concentration of 10 mm~* 


boundary areas, in parts of the fine-grained ice. 

Each cylinder was cut into plates ~6 mm thick and also a 
block ~50x*50x60mm. A composite layered block of 
comparable dimensions was made from the two sets of plates. 
After being cut flat on a Leitz microtome, the surfaces of each 
plate were coated with a 1% solution of polyvinyl formar 
(Formvar) dissolved in ethylene dichloride and allowed to dry 
for 12 h. The surfaces were then frozen together with a film of 
distilled water to produce an anisotropic block of alternate fine- 
and medium-grained layers (Fig. Ic). 
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Fig. 2 Displacement-time curves for blocks of fine-grained (a) 
and medium-grained (b) isotropic ice shortened by 27% and 
anisotropic ice (c) shortened by 36%. 
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Strain markers consisting of circular grooves 5 mm diameter, 
0.4 mm deep and 0.3 mm wide, were inscribed at 10 mm centres 
on the XZ faces of the three blocks. (Here the extension 
direction is X, the direction of no length change Y, and Z is the 
shortening direction). The blocks were then deformed in a plane 
strain apparatus similar to those described by Kamb”, and Budd 
and Matsuda’. The layers in the composite block were parallel to 
the YZ plane. The load on the layered block was 83 kg and that 
on the isopropic samples 150 kg and so the initial stresses were 
0.4 MPa and 0.6 MPa respectively. During loading and unload- 
ing the temperature was typically —10°C, and for the defor- 
mation it was controlled to —1.00+0.05 °C. The displacement- 
time curves of the fine-grained and medium-grained isotropic 
ice are of a similar decelerating form, whereas the more lightly 
loaded anisotropic sample deformed at an increasing rate after 
20% shortening (Fig. 2). This is presumably attributable to 
buckling and increasing instability of the layers. 

The isotropic ice deformed homogeneously on a scale greater 
than a few grain diameters. The numerous small amplitude 
undulations (parallel to Y) that formed on the YZ faces of both 
the fine- and medium-grained samples are the only inhomo- 
geneities observed, and have amplitudes and wavelengths of the 
order of the average grain size. The uniform distortion of the 
circular strain markers into a set of ellipses suggests that exten- 
sion in the X direction was uniform. The bubbles in the fine- 
grained sample were elongated parallel to the strain ellipses. 
Grain sizes were uniform and boundaries were slightly irregular. 
Occasional deformation bands developed in individual grains as 
sharply delineated, wide lamellae. The c-axis orientation 
patterns of deformed fine- and medium-grained isotropic 
samples were similar (Fig. 3a and b), and were found not to vary 
throughout each sample. The majority of c-axes are distributed 
between the 25 and 45° cones centred about the shortening axis. 
This pattern is also consistent with other plane strain experi- 
ments with shortenings of greater than 40% (unpublished data). 





Anisotropic 


Fig. 3 c-axis patterns of preferred orientation. (a) and (b) show 

the fine- and medium-isotropic ice shortened by 27%. (c) and (d) 

show the fine and medium layers in the anisotropic ice shortened by 

36%. The data are plotted on the lower hemisphere equal area 

projection and the superimposed small circles are at angles of 25° 

and 45° to the shortening axis Z. The number of c-axes is shown 
adjacent to the projection. 
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Fig. 4 Microstructure in the folded fine- and medium-grained 

layers of the anisotropic ice. An interlocking grain aggregate in the 

fine layers is in marked contrast to the large grains of the medium 
layers. 


The anisotropic specimen deformed inhomogeneously and 
large symmetric sinusoidal folds were produced in the medium- 
and fine-grained layers (Fig. 1d). The folds are disharmonic and 
their axial surface lies approximately perpendicular to the 
direction of shortening. Folds in the outer layers are parallel and 
penetrative, and their hinge lines make a 20° angle to Y (in the 
XY plane). Fold amplitude and sense of closure change in the Y 
direction in the central portion of the block, where dilation voids 
also appear between layers. The thin ice films used to bond the 
fine- and medium-grained layers together have also been folded. 
partly in conformity with adjacent fine- and medium-grained 
layers. However, adjacent to the voids the ice films display 
minor folding where axial surface orientations vary from 
perpendicular to parallel to the shortening direction. 

The strain distribution within individual layers is inhomo- 
geneous with the strain ellipses being distributed about the axial 
surface of the major folds. Where an original circle lay across the 
boundary between a fine- and medium-grained layer it was 
either significantly elongated in the fine layer or displaced 
parallel to the layer boundary. The small air bubbles in the 
fine-grained layers are elongate and describe a symmetric fan- 
like pattern. 

In the anisotropic ice sample the relative grain size difference 
between adjacent layers has been preserved. Grain shapes are 
quite irregular and grain diameters have increased (Fig. 4). In 
the fine layers the average grain size is 1.5 mm, and in the 
medium layers grains vary from 2.5 to 4.5 mm. Nearly every 
grain contains undulose extinction or deformation bands. The 
c-axes in both the fine and medium layers (Fig. 3c and d) are 
distributed throughout the projection with a strong maxima 
parallel to the shortening direction. Such a pattern is a significant 
departure from the small circle distribution of the isotropic 
samples. An axial distribution analysis’ of the anisotropic 
samples suggests that there is no relationship of c-axis orien- 
tation to relative position in the fold. The pattern of c-axes is 
consistent with some patterns recognised in natural’ and 
experimentally deformed'' polycrystalline aggregates of quartz 
and also natural ice'’. 

Folding induced by an initial layering produces a different 
fabric from a homogeneously deformed polycrystalline aggre- 
gate. This effect on fabric development has not been considered 
in other experimental studies of either ice or quartz, nor in any of 
the computer simulations of fabrics'*'*. The displacement of 
strain markers between layer boundaries, the variable axial- 
surface orientations associated with the minor folds, and their 
partial parallelism to the layer boundaries, suggest that during 
the deformation there has been some degree of layer boundary 
slip. Therefore buckling and flattening proceed simultaneously 
with layer boundary slip and a component of plane strain. This 
compares markedly with the isotropic samples where the 
deformation is strictly a homogeneous plane-strain defor- 
mation. It is the layering then that is crucial in determining the 
deformation path of any point in the material. 
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Thiocyanate in 
Red Sea brine and its implications 


THE Oparin—Haldane hypothesis about the origin of life has 
provided a rational theoretical model for laboratory research. 
Almost thirty years of experiments have supported this hypo- 
thesis. Verification of the hypothesis in terrestrial environments, 
however, has not been documented. Some environments such as 
thermal springs in the Kuril Islands have been reported to have 
possible chemical precursors but lack of sterility and other 
factors have not made it possible to establish evidence for 
natural, terrestrial abiotic synthesis’. We identify here the 
Atlantis H Deep brine as a promising site for searching for 
chemical precursors, report finding thiocyanate in the brine and 
suggest a relationship between chemical evolution and the 
evolution of the Earth’s crust. 

We have recently suggested’ that the Red Sea brines, located 
at the bottom of the sea in the rift valley of an active axis of 
spreading global plates, might be a fruitful place to search for 
terrestrial evidence of abiotic synthesis of life precursors’. The 
Atlantis H Deep brine (21°22' N, 38°05’ E) was thought to be 
especially promising because: (1) it has been reported sterile’; 
(2) it has a methane enrichment 10° times normal seawater’; (3) 
it has no free oxygen (O,)*; (4) it is unusually warm (63 °C) (D. 
A. Ross, personal communication); and (5) it has been reported 
as a ‘reducing’ environment’. 

During Cruise 93, Leg 19 of the RV Atlantis II in spring 1977 
the Atlantis I Deep brine was identified by seismic profiling and 
depth recording revealing a brine of about 200 m thickness at a 
depth of 2,000 m. Water samples were collected using 101 and 
301 Niskin samplers set at 7 m intervals from 14 m above the 
bottom to 225 m above the bottom at Station 87. Our samples 
were subsequently stored in sealed, sterilised, brown, opaque 
Nalgene bottles and thymol crystals were added to half to ensure 
continuous sterility. Sterility of the samples taken at this station 
from the brine has been confirmed (R. Cuhl, personal com- 
munication). 

Aliquots (5 cm*) of Bottle no. 1 (301) from Station 87 were 
chromatographed using butanol/ammonia/water on Whatman 
no. 1 paper’. The R, of known thiocyanate was 0.25 in these 
conditions. Strips of 4cm length corresponding to the R; of 
known thiocyanate were cut, eluted with 5 cm’ of distilled water 
and flash evaporated to their original volume. Aliquots of 
0.5 cm? were tested for thiocyanate using 0.3 cm’ 0.1 M cupric 
chloride solution and 0.5 cem? of a ferric nitrate/nitric acid 
reagent. Thiocyanate produces a wine red colour with these 
reagents and a spectrophotometric absorbance peak at 4,600 A 
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(ref. 8). (This analytical method was developed to measure 
thiosulphate by adding cyanide to produce sulphite and thio- 
cyanate. The reagents are added to produce a ferric thiocyanate 
complex. The thiosulphate concentration corresponds to the 
absorption of the complex. We used this method as a direct 
measure of thiocyanate. Thiosulphate without cyanide produces 
no spectrophotometric absorbance with these reagents.) 

The Atlantis H Deep brine samples were analysed against a 
‘null’ brine of 5M NaCl, 0.2M KBr and 0.02M KHCO, on a 
Zeiss ZFM 4/v4QIit/PMQII spectrophotometric system and a 
Unicam SP80 recording spectrophotometer. The spectra of the 
samples were scanned from 4,300 A to 6,000 A and compared 
with the spectrum of known ferric thiocyanate complexes with 
respect to general shape and the absorption ratios at several 
wavelengths. Aliquots (5 cm?) were chromatographed, eluted 
and concentrated to one-tenth the original volume and 
analysed. Results of the direct analysis confirm a thiocyanate 
concentration of 2.4 107° M (mean of 12 spectrophotometric 
analyses, standard deviation = 1.2) in the Atlantis II Deep brine. 
No thiocyanate was detected in a control sample of Red Sea 
water. 

In four experiments, a known amount of thiocyanate was 
added to the brine to determine whether this would increase the 
spectrophotometric absorption corresponding to the amount 
added. This was confirmed in all four experiments. Results of 
these experiments yield a mean thiocyanate concentration of 
2.8x10°°M (range 2.3-4.0x10°°M) in the brine. This 
concentration is significant from the point of view of prebiotic 
chemistry. 

Some samples were also treated with NaSO; before analysis 
to test for the presence of cyanide ions® but none were found. All 
cyanide, however, would be expected to convert to thiocyanate 
since the underlying sediments through which the brine flows are 
rich in elemental sulphur and sulphides such as pyrite, chal- 
copyrite, sphalerite and marcasite”'’ making the environment 
similar to conditions for the commercial preparation of thio- 
cyanate from cyanide. 

What is the origin of the thiocyanate in the Atlantis II Deep 
brine? No marine organisms are known to release cyanide or 
thiocyanate into the marine environment. Both cyanide and 
thiocyanate have been reported from geothermal springs’. 
Hydrogen cyanide may have been formed abiotically and 
released from within the ridge system after which it reacted with 
sulphur or sulphides to form thiocyanate. We think this is the 
most likely source of the thiocyanate. 

The important role of hydrogen cyanide and its related chem- 
ical species in the prebiotic synthesis of purines, pyrimidines and 
amino acids is well-documented from Miller’? to Ferris and 
Joshi'*. The discovery of thiocyanate in a sterile, natural ter- 
restrial environment such as the Atlantis II Deep brine is 


consistent with our suggestion that there may be a relationship — 


between the evolution of the Earth’s crust at spreading axes and = 
the origin of life. While the presence of thiocyanate in a sterile © 
brine does not equivocally demonstrate the abiotic origin of the ie 
cyanide from which the thiocyanate may derive, it suggests that | ~ 
further analysis of the Atlantis H Deep brine should be under- 
taken to assess the character of organic molecules present.. 
Previous analysis of hydrocarbons in the brine has indicated 
pronounced enrichment in methane, ethane and low molecular 
weight paraffins’. Abiotic synthesis of amino acids in this 
environment is plausible. 

Criteria for determining whether amino acids were formed 
biotically or abiotically include the D and L enantiomer ratio, 
the ‘°C and '’C ratio and the type of amino acids present”. As 
the brine has a high temperature, the D and L enantiomer ratio 
may not be a useful criterion. Amino acids such as a-amino- 
isobutyric acid, a-amino-n-butyric acid, N-ethylglycine, N- 
methylalanine, norvaline and sarcosine in amounts similar to 
those found on the Murchison meteorite would suggest an 


abiotic origin. We intend to search for amino acids in the _ 


Atlantis II Deep brine and will use these criteria in our evalua- 
tion. 
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Origin of 
carbonatites by liquid immiscibility 


THE existence of carbonatite magmas has been generally 
accepted’, but their origin remains uncertain. The more 
favoured petrogenetic models include: (1) direct partial melting 
of the upper mantle?™*; (2) fractional crystallisation of CO2-rich 
alkaline silicate magma®; and (3) separation of an immiscible 
carbonate melt from an initially homogeneous CO,-rich alk- 
aline silicate magma’ ‘”. Experiments have shown all of these 
processes to be feasible’ ’, and each may generate the geo- 
chemical characteristics of carbonatite, such as enrichment in 
rare earths and other incompatible trace and minor ele- 
ments'''!?, and low *’Sr/**Sr ratios'*. Here we discuss the role of 
immiscibility, and report new experimental data which demon- 
strate for the first time that liquid immiscibility does occur 
between silicate and carbonate liquids of the compositions 
found in nature. 

While previous experimental work suggests that high concen- 
trations of Na,O are required for immiscibility”'*"*, the great 
majority of analysed carbonatites are rich in CaO with Na,O as 
only a minor constituent, seemingly ruling out a role for 
immiscibility in their genesis (for example, mean of 12 Kenyan 
alvikites CaO = 50.83, NaO =0.48 wt% ref. 9, p. 317). 
However, it has been argued that the present-day compositions 
of most carbonatites are not representative of the original 
magmas but have lost large quantities of alkali oxides during 
fenitisation and due to leaching by meteoric waters™™®?®, This 
view is supported by the study of inclusions in minerals from 
carbonatites, which show that alkaline CO,-rich fluids were 
present at high temperatures’ *’. It is significant that the only 
carbonatite which has been observed at the time of eruption, the 
natrocarbonatite of Oldoinyo Lengai, Tanzania*'**, contains 
about 30 wt % Na,O (Table 1). This lava has retained its alkalis 
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Fig. 1 Spheres of carbonate in silicate glass, The diameters range 

up to about 2mm. The small pits seen in the carbonate are 

probably CO, vesicles. Starting material was 15% carbonate plus 
85% nephelinite, run conditions 2 kbar, 1,000 °C for 18 h. 


because it reached the surface and quenched, precluding feni- 
tisation processes, and because it was sampled before it had been 
leached. Xenoliths of plutonic carbonatite from the same vol- 
cano are CaCo;-rich s6vite**. The main aim of the present study 
was to investigate the possibility of an immiscibility relationship 
between the Oldoinyo Lengai natrocarbonatite and the 
contemporaneous silicate magmas. 

Two synthetic carbonatite compositions were made up, one a 
simplified version of the Oldoinyo Lengai lava, and the other 
richer in CaCO; (Table 1). These were mixed and ground in 
various proportions with two powdered silicate lavas from 
Oldoinyo Lengai, a phonolite and a nephelinite (Table 1). 
About 0.7 g samples of dried powder were sealed in noble-metal 
tubes and run at pressures from 0.7 to 7.6 kbar and tempera- 
tures from 900 to 1,250°C in argon-filled internally heated 
pressure vessels. Selected run data are given in Table 1. 

In general, charges which were not of extreme composition 
(that is, very close to either silicate or carbonate starting 
materials) showed characteristics on quenching consistent with 
the coexistence of two melts at the pressure and temperature of 
the experiment, Silicate melts quenched to glasses, which were 
separated by smooth, sharp menisci from carbonate melts, 
which quenched to crystalline aggregates. The actual geometry 
of the association depended on the proportion of carbonate in 
the starting mixture, and the temperature and pressure of the 
run. Where the proportion of silicate greatly exceeded that of 
carbonate, globules of carbonate were observed in silicate glass, 
see, for example, Fig. 1. Where there was a moderate to high 
proportion of carbonate, however, (=40 wt %), a central ovoid 
slug of silicate glass normally occurred, flanked by ends of 
carbonate. Depending on temperature, a small number of 
globules of one phase was observed in the other, but at 
temperatures = 1,000 °C almost complete separation of melts 
took place. 

Where a significant amount of crystals are present in the 
silicate melt the physical separation of the two melts is not so 
perfect. In 50/50 original mixtures of silicate and carbonate the 
final geometry of the charge was still a central lozenge of silicate 
glass with two end cappings of carbonate but significant amounts 
of carbonate globules occurred throughout the silicate glass. The 
larger volumes of carbonate remain essentially silicate-free, 
however, and it was easy to hand pick a silicate-free carbonate 
fraction. This was analysed by wet chemical methods. The 
silicate glass was analysed by electron microprobe, Microprobe 
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analysis of the carbonate fraction using a defocused beam 
generally gave broadly comparable results with the wet chemical 
analysis, but was considered less reliable because of the instabil- 
ity of the carbonates. However, it did allow some supplementary 
data to be obtained on elements which were not analysed wet 
chemically. 

Several features suggest that the phases we have analysed 
represent equilibrium immiscible melts and are not just the 
result of the failure of the starting mixtures to homogenise. 
These include: (1) scanning electron microscope study of the 
charges shows that the meniscus between the melts is sharp on a 
submicron scale; (2) the silicate glasses are compositionally 
homogeneous throughout the slugs; (3) spheroids of silicate 
glass, ~ 100 um diameter, in the quenched carbonate melts have 
compositions identical to those of the main silicate slugs; (4) 
spheroids of quenched carbonate liquid in the silicate glass, a 
few tens of pm diameter, yield microprobe analyses which are 
comparable to the wet chemical analyses of the main carbonate 
fraction, bearing in mind their instability in the electron beam. 
We have also carried out reversal type experiments to test for 
gross metastability. In the first instance, two melts were held at 
conditions where the miscibility gap is narrow (high T, low P), so 
that the silicate dissolved large amounts of carbonate. The 
homogeneous silicate-glass fraction was removed and re-run in 
conditions where the miscibility gap is wide (low T, high P) and it 
exsolved small spheres of carbonate. Second, it was found that 
silicate glass containing a few spheroids of carbonate (~0.1 mm 
diameter), produced at high P and low T could be homogenised 
by re-running at low P and high T. These experiments demon- 
strate that the carbonate melt would readily dissolve, or exsolve 
from the silicate melt in the conditions of interest in this study. 

The main characteristics of the immiscibility field encoun- 
tered in this study are shown in Table 1 and Fig. 2. The 
components of Fig. 2, SiO,+Al,O;, Na,.O+K,0, CaO, 
represent ~90% of the CO,-free portions of both melts. Most of 
the data are for one temperature, 1,100 °C, but for three pres- 
sures, 0.7, 3.0 and 7.6 kbar. Conjugate melts at both 0.7 and 





Table 1 Starting materials and run products 


1 2 3 4 $ 6 7 8 


$102 41.93 2.00 4446 4.5 52.88 - 52.23 0.16 
TiO; 0.92 ~ 0.73 NA 0.93 ~ 0.71 0.18 
ALO, 15.55 ~ 1468 0.40 19.89 ~ 17.41 0.5 

Fe,0; 6.41 i — -~ 4.07 - -~ =- 

FeO 2.28 E 5.41* 2.30* 1.58 = 2.99* 1.54* 
MgO 1.28 1.00 1.05 0.92 0.45 = b.d. 0.76 
CaO 10.89 33.32 11.13 31.59 2.67 16.69 1.96 21.82 
Na,O 10.26 16.66 11.07 16.35 10.63 33.38 13.28 27.00 


K,O 4.95 555 5.73 5.16 4.91 8.34 6.95 5.53 
P20; 0.54 100 0.23 1.21 O11 1.00 bd. 1.01 


CO,» 2.39 3547 NA NA 015 35.59 NA NA 
F NA 2.00 NA NA NA 2.00 NA NA 
CI NA 3.00 0.48 NA NA 3.00 0.19 NA 
Others 2.28 ~ = - 1.77 - - = 

Totals 99.68 100.00 94.97 62.44 100.04 100.00 96.72 58.50 





1, Nephelinite BD119, Oldoinyo Lengai. Analysis includes HO% = 
0.80, HO = 0,85. 

2, Synthetic high-CaCO, carbonatite. 

3, Immiscible silicate melt produced by melting equal weight mixtures 
of 1 and 2 at 7.6 kbar, 1,100 °C. (@ in Fig. 2.) 

4, Carbonate melt in equilibrium with 3. (@ in Fig. 2.) 

5, Phonolite BD50, Oldoinyo Lengai. 

6, Synthetic carbonatite, a simplified mean of Oldoinyo Lengai lavas, 
with Na,O:CaO:K20 = 4:2:1, 

7, Immiscible silicate melt produced by melting equal weight mixtures 
of 5 and 6 at 3 kbar, 900 °C. (* in Fig. 2.) 

8, Carbonate melt in equilibrium with 7. (* in Fig. 2.) 

NA, not analysed; b.d., below detection limits of energy dispersive 
microprobe (~0.3 wt %), 
Analysts: T. Jensen, carbonate run products, I, Freestone, silicate run 
products, D. G. Powell, lavas. 
* Total iron as FeO. 
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K20+Na 0 





SiO7*AlgO4 CaO 


Fig.2 Miscibility gap between carbonate and silicate melts. Con- 
jugate melts are shown for 0.7 kbar, 1,100°C (W); 3.0 kbar, 
1,100 °C (x); 7.6 kbar, 1,100 °C (@); and 3.0 kbar, 900 °C (*). The 
boundary between the one-liquid and two-liquid fields has been 
drawn for each pressure and 1,100°C. Conjugate liquids at 
0.7 kbar and 7.6 kbar are joined by tie-lines. The liquids furthest 
from the CaO apex were produced from mixtures of phonolite and 
CaO-poor carbonatite, those closer to the CaO apex were 
produced from mixtures of nephelinite and CaO-rich carbonatite. 
P, Oldoinyo Lengai phonolite; N, nephelinite; L, natrocarbonatite. 


7.6 kbar are joined by tie-lines. The data points for each pres- 
sure are joined by curves which represent the isothermal, iso- 
baric phase boundaries between the one-liquid and two-liquid 
fields (Fig. 2). The data indicate that the miscibility gap closes 
towards the CaO apex; this is supported by data on other 
systems, for example, immiscibility was not found in NaAI$i0,- 
CaCO,-H;0 at 1 kbar (ref. 6). Therefore, we have extrapolated 
the field boundaries and shown the closure as dashed lines (Fig. 
2). Comparison of the boundary curves shows that increasing 
pressure expands the miscibility gap. The inclusion on Fig. 2 of a 
run at 3 kbar and 900°C shows that decreasing temperature 
expands the two-liquid field in a manner analogous to increasing 
pressure. It is stressed, however, that the effect of changing P or 
T is not just a simple narrowing or widening of the gap but 
complicated changes in composition take place including rota- 
tion of the tie-lines. 

The compositions of Oldoinyo Lengai phonolite (P), nephel- 
inite (N) and carbonatite (L) are also shown in Fig. 2. The 
position of the tie-lines suggest that the natrocarbonatite is 
likely to have been immiscible with a phonolitic magma at high 
pressures and temperatures. Nephelinite melt, on the other 
hand, was consistently found to be immiscible with carbonate 
melts much richer in CaO than the Oldoinyo Lengai lava (Table 
1, Fig. 2). Therefore the experimental study supports the view”? 
that the Oldoinyo Lengai carbonatite exsolved from a CO,-rich 
phonolitic magma. 

Most natural carbonatite compositions lie close to the CaO 
apex of Fig. 2, and it seems unlikely that the tie-lines could 
rotate sufficiently for phonolitic or nephelinitic magmas to be 
conjugate with carbonate melts so poor in Na,O, even at very 
high pressures. If these carbonatites did originate by immisci- 
bility, then significant loss of alkalis must have occurred at some 
stage in their development, as proposed above. The failure of 
many experimentalists to observe immiscibility during experi- 
ments on CO,-rich systems at pressures to 30 kbar*’*”’, or to 
confirm the presence of immiscibility which had been tentatively 
identified”*’’, is because the compositions studied were poor in 
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NaO, and plotted in the one-liquid field of Fig. 2. However, the 
compositions of many mafic and ultramafic alkaline igneous 
rocks, such as melanephelinites, melilitites, kimberlites and 
alnoites, also project into this field, suggesting that the cor- 
responding magmas are unlikely to exsolve carbonate melts at 
crustal pressures, although immiscibility in the mantle remains a 
possibility. 

The experimental work was undertaken at Manchester Uni- 
versity within the experimental petrology group which is 
financially supported by the NERC. We thank Dr J. Esson and 
T. Jensen for arranging the analysis of the carbonates. The 
analyses of the lavas were carried out at the University of St 
Andrews during the tenure of a NERC grant to J. B. D. 
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Variation in apatite composition in 
ijolitic and carbonatitic igneous rocks 


WE present here evidence that apatite crystals formed in alk- 
aline magmas during the early stages of both the ijolitic 
(pyroxenite > ijolite > urtite) and carbonatitic (s6vite > alvikite) 
differentiation series’ have similar chemical compositions, but 
that with subsequent crystal differentiation in both series, the 
compositions of the apatites can change progressively along two 
separate paths. The evidence of a bifurcating pattern of apatite 
compositions from the various rock types studied is not in accord 
with the theory’” that carbonatites are the ultimate product of 
fractional crystallisation of the ijolitic series. The evidence 
suggests that ijolite and sévite are the crystalline products of 
conjugate immiscible liquids. 
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Any wet chemical method of apatite analysis relying on 
mineral separation techniques introduces the possibility of 
contamination’, and hence many published apatite analyses 
must be considered suspect. Electron microprobe (EMP) 
analysis, however, can provide good quality data, and minor 
chemical variations can be used as reliable indicators of frac- 
tionation processes’. Our data show greater variation in chem- 
ical composition than was previously indicated®. 

The means of 115 EMP analyses of apatites in Table 1 are 
taken from five associated rock types from two adjacent well 
documented strongly alkaline igneous complexes’. Very similar 
analytical data have been obtained from other igneous and 
sub-volcanic complexes in this west Kenyan-east Ugandan- 
north Tanzanian Tertiary magmatic province. It seems that the 
apatites from any one particular rock type and texture all have 
the same chemical composition, no matter which igneous 
complex they are taken from in the province. Apatites, like 
other igneous minerals, seem to reflect chemically the nature of 
the liquids from which they were precipitated. 

The five rock types mentioned under Table 1 provide good 
representatives of the ijolitic and the carbonatitic differentiation 
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Fig. 1 Variation diagram for apatites from ijolitic (—-O—) and 

carbonatitic (~—A-——) rocks. Oxides and fluorine plotted in wt %: 

La in p.p.m. Eo, is sum of Na, Ce, La, Sr oxides. Arrows show 

direction of differentiation. P, pyroxenite; I, ijolite; U, urtite; S, 
sdvite; A, alvikite. 
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Table 1 EMP analyses of apatites (means) 





i 2 
{n = 20} (n = 33) 

wt % s.d. wt % s.d. 
SiO, = 065 0.08 0.56 0.18 
P30. 39.46 0.30 40.43 0.50 
CaO 54.50 0.41 54.84 0.64 
SrO 0.61 0.10 0.89 0.13 
Ce,0, 0.03 0.03 0.12 0.02 
LaO, 0.01 0.01 0.17 0.02 
NaO 0.08 0.03 0.04 0.06 
F 2.07 0.19 3.16 0.27 

97,41 100.21 
less O =F 0.87 1.33 

96.54 98.88 


3 4 5 
{n = 5) (n = 30) (n = 24) 
wt % s.d. wt % s.d. wt % s.d. 
0.60 0.05 0.30 0.15 1.91 0.37 
40.38 0.29 39.75 0.55 36.97 0.70 
53.00 0.16 53.78 0.55 51.34 0.50 
1.85 0.37 0.74 0.09 0.83 0.11 
0.35 0.04 0.21 0.06 1.49 0.20 
0.20 0.02 0.27 0.07 0.67 0.09 
0.04 0.01 0.10 0.03 0.10 0.15 
3.23 0.29 3.06 0.32 3.42 0.41 
99.65 98.21 96.73 
1.36 1.29 1.44 
98.29 96.92 95.29 
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Analyses were carried out on a Cambridge Mark V Electron Micro-Probe Analyser at 15 kV and specimen current of 20 nA and counts obtained 
were corrected for dead-time and ZAF using a modified MAGIC IV program. 


1 From alkali pyroxenite, Usaki, West Kenya (U 1122). 
2 From ijolite, Usaki, West Kenya (U 1256). 

3 From urtite, Usaki, West Kenya (U 79). 

4 From sévite, North Ruri, West Kenya (N 43). 

§ From alvikite, North Ruri, West Kenya (N 179). 


series. The pyroxenite is a product from an earlier partly cumu- 
lative stage in the ijolitic differentiation series than is represen- 
ted by ijolite. The ijolite (comprising mainly nepheline and 
aegirine~augite) is the approximate plutonic equivalent of a 
nephelinitic magma, whilst the urtite (largely composed of 
nepheline) is the fractionation product. These three represent a 
typical sequence of the ijolitic magmatic differentiation series as 
recognised at most ijolite intrusive complexes'”. The sévite is 
the earliest and main member of the carbonatite series, and the 
alvikite is the second member of the series derived from the 
sévite by magmatic differentiation’. 

The structural formulae of the five mean apatite analyses 
(Table 2) are calculated on the basis of 10 ions in the calcium 
position® rather than to 26 anions. This allows an estimate to be 
made, by difference, of the carbonate content of the apatite, 
based on the assumption that CO; groups substitute for PO, 
groups in the lattice’. 

The substitution inferred of P by Si in notable amounts 
is real because most of the apatite crystals analysed from silicate 
rocks were single crystals mounted in resin, and that the apatite 
crystals were checked for lack of inclusions such as sometimes 
exist in these crystals’®. The increasing proportion of Si with 
differentiation in the carbonatitic apatites is in keeping with the 
fact that free silica is commonly developed in late-stage car- 
bonatites'. The reliability of the estimate of the hydroxyl 
content is less certain, although the F determinations in Table 1 
have a good precision and Cl was below the detection limit 
(100 p.p.m.). The elements Mg, Fe and Mn were also sought but 
were below the minimum detection limit (all near 200 p.p.m.), as 
was Ba (500 p.p.m.). 


The distinctions between the silicate and carbonate differen- 
tiation series, which are reflected in the chemical variations of 
the apatites, are best seen in Fig. 1. Figure la-d show the 
divergence of the two trends, e and g show that grouping of 
some elements produces parallel trends but still shows the 
proposed common parentage, and f shows that the apatites from 
the silicate rocks can exhibit more extreme fractionation than 
those from the carbonatites: a situation which could not arise if 
the carbonatites were a fractionational crystallisation product of 
the ijolitic magma. Two further significant features of all the 
plots in Fig. 1 are that both trends have a common starting 
position, and that this position is near that for ijolite and s6vite 
which are themselves considered to be the sub-volcanic materi- 
als most closely related to the parental compositions of the two 
differentiation series. 

The close similarity in composition of the apatites from both 
ijolite and sévite shows that the relationship between the two 
liquids from which these two rocks crystallised could have been 
that of a pair of liquids in equilibrium with each other. It has 
already been suggested that the ijolitic and carbonatitic rock 
series are related by liquid immiscibility’’’ but, as far as we 
know, this is the first time that liquid immiscibility has been 
shown to be possible in natural alkaline igneous rocks based on 
the occurrence of one mineral phase, apatite, being in equili- 
brium with two liquid phases. This test for liquid immiscibility 
was recognised by Bowen’? when he stated “Not only are they 
(the immiscible pair of liquids) in equilibrium with each other 
but they both must be in equilibrium with any additional phase”’. 

The variable distribution of major and minor elements in 
apatites within ijolitic and carbonatitic alkaline igneous rocks 
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Table 2 Ions on basis 10 (Ca, REE, Sr, Na) for apatite analyses in Table Í 





1 2 
Si 0.11 0.09 
a 5 67f 578 A 
Ca 9.92 9.89 
Sr 0.06 0.09 
Ce 0.00510.00 0.00510,00 
La 0.00 0.01 
Na 0.02 0.01 
F 1.11 1.68 
(COs) 0.22 0.15 
(OH) 0.89 0.32 
(O,OH,F) 26.39 26.58 


3 4 5 

0.10 0.05 0.34 

375.97 576 5.81 i 

9.77 9.87 9.74 

0.19 0.07 0.09 

0.02 710.00 0.01 710.00 0.10 710.00 

0.01 0.02 0.04 

0.01 0.03 0.03 

1.76 1.65 1.91 

0.03 0.19 0.13 

0.24 0.35 0.09 
26.88 26.52 26.56 
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show that their respective differentiation trends follow two 
independent paths, both emanating from magmatic composi- 
tions which could have been in equilibrium with each other. This 
relationship is consistent with liquid immiscibility rather than 
crystal fractionation as the governing petrogenetic process. 

We thank R. N. Wilson for technical help, Drs M. J. Norry and 
A. R. Woolley for constructive criticism, and the NERC for 
financial support. 
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First results from the Reykjanes 
Ridge Iceland Seismic Project 1977 


PALAEOGEOGRAPHIC reconstructions of the North Atlantic 
area, based on plate tectonic principles’, suggest that Iceland is 
of pure oceanic origin as Greenland and Europe (including 
Rockall Plateau) seem to have been closely connected before 
56 Myr BP (magnetic lineation 24). Oceanic origin is also 
suggested by the location of Iceland astride the axis of the 
Mid-Atlantic Ridge, by its surface geology and by the young age 
(16 Myr) of its oldest rocks. Further evidence comes from 
refraction seismic investigations* yielding a layering of the 
Icelandic crust resembling the typical oceanic crust in velocity 
values, but with greater thickness of individual layers. A 
remarkable result was the discovery of a layer with P-wave 
velocities close to 7.2 km s™' at a depth of 8~15 km, which was 
interpreted as the top of an anomalous upper mantle below 
Iceland. According to studies of teleseismic travel time resid- 
uals”*, as well as apparent velocity measurements of P-arrivals 
from Mid-Atlantic Ridge earthquakes’, this anomalous mantle 
may extend to 240 km depth. A very different model, however, 
has been derived from more recent long range refraction seismic 
measurements’. It is characterised by a more or less continental 
deeper crust and a normal upper mantle with a P-wave velocity 
of 8.0 km s~' at a depth of 50-60 km below Iceland. This model 
could also account for the low apparent velocities given by 
Francis’ and, if true, would require drastic modifications of 
current ideas of seafloor spreading. It has been used as an 
argument against the possibility of any significant amount of 
drift at the latitude of Iceland’. Geophysical evidence from 
Reykjanes and Kolbeinsey Ridges'®’’, on the other hand, 
strongly favours an oceanic origin of the surroundings of 
Iceland. Earlier refraction seismic measurements on the crest 
and western flank of the Reykjanes Ridge '™™ indicate a system- 
atic change of crustal structure with age and a crustal structure 
typical of oceanic basins has been found some 200 km south- 
east of the ridge'*. All the marine refraction work so far has 
shown anomalously low mantle velocities (7.2-7.8 km s~') but 
very little information is available on the structure of the oceanic 
_ upper mantle itself because of the limited range of the seismic 
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profiles. In 1977 an 800-km long seismic refraction profile was 
shot across Iceland and along the southeastern flank of the 
Reykjanes Ridge (Fig. 1). The main purpose of the experiment 
was to resolve the structure of the crust and upper mantle to 
greater depth than previously possible and to study the tran- 
sition from the oceanic to the Icelandic structure. This experi- 
ment was planned and carried out by an international working 
group (Reykjanes Ridge Iceland Seismic Project, RRISP). 

The experiment described here was a joint land—sea project 
with a number of shotpoints on sea and land giving a set of 
reversed and overlapping profile segments and large obser- 
vational distances. Figure 1 shows positions of shots and 
receivers. Nineteen shots with charges from 0.4 to 4.0 tons were 
fired and recorded on land by up to 42 mobile stations of 
MARS-66 type’’ from Germany, 12 automatic stations from 
the Soviet Union and 35 direct recording stations of the Icelan- 
dic short period seismic network. The shots at A to F were 
recorded by the MARS-66 stations on the main line running 
from Heimaey at the southern coast mostly through the neo- 
volcanic zone towards the north-east. Shots G and H were 
observed along the southeastern coast to give a reference profile 
in the older part of Iceland. In the marine part ocean bottom 
seismographs’* and anchored telemetric buoy systems with 
ground hydrophones’’ recorded series of smaller shots (50- 
250 kg). The shots were spaced 1.8km apart and could be 
recorded to 150 km range. In addition to the 800-km long main 
line observed 110 km east of the ridge crest three more refrac- 
tion lines were observed at sea, one parallel and closer to the 
ridge axis and two perpendicular to it. Most of the marine 
profiles were covered also by sparker, gravity, total magnetic 
field and narrow beam echo sounder measurements. 

We shall concentrate on the results obtained on the main line. 
Figures 2 and 3 are examples of a marine and a land profile 
segment respectively. The upper part of Fig. 2 shows the record 
section (reduction velocity is 6 km s”*) obtained by shooting into 
the bottom hydrophone of buoy AB1 from the south-west. First 
arrivals can be fitted by three straight lines indicating a well 
defined layering of the crust. From this and the reversed line we 
obtain the model shown in the lower part of Fig. 2. Apart from 
small dips of the sea bottom and basement the layers are 
horizontal. The velocities and layer thicknesses are within the 
range of typical oceanic values. It is not known whether the 
velocity of 7.7 kms™' represents anomalous mantle or crustal 
layer 3b. From the records of OBS B101, however, which show 
first arrivals with apparent velocities of 8.3 kms! at distances 
greater than 90 km, it is evident that normal upper mantle is 
present at greater depth. 

The upper part of Fig. 3 shows a typical land record section. It 
was obtained for shotpoint E and reduced by 7kms'. The 
record sections for shots D, F, G and H look very similar. There 
are distinct differences in travel time and apparent velocity 
within the first 100km reflecting crustal heterogeneity but 
apparent velocities at greater distances are rather uniform and 
close to 7.0kms~'. Clear first arrivals can be traced up to 
distances of 300 km, whereas later arrivals are difficult to cor- 
relate. Wave groups with apparent velocities around 8 kms"! 
which would indicate a normal upper mantle below Iceland can 
not be found. This holds also for records of the more distant 
shots A and B. In spite of charges of 4 and 2 tons, fired from RV 
Meteor in optimum water depth, only weak first arrivals were 
obtained from these shots at the recording sites in Iceland. As far 
as correlation of these arrivals is possible, again apparent velo- 
cities only slightly greater than 7.0 kms™' are obtained. On the 
other hand, if apparent velocities between shotpoints A, B and C 
are calculated for individual stations in Iceland one obtains 
values as high as 8.4 or even 9.0 kms” '. This is further evidence 
that, contrary to Iceland, the 10 Myr old Reykjanes Ridge on 
the seaward continuation of the profile has a well developed 
lithosphere. From the records of shot C, which give apparent 
velocities close to 8.0 kms™' for some stations near the south 
coast but 7.0kms~' for more distant stations, it becomes 
evident that the transition from the normal lithosphere of the 
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Reykjanes Ridge to the anomalous deep structure of Iceland 
takes place near the southern shelf edge. The lower part of Fig. 3 
shows our latest model with the corresponding ray paths for 
shotpoint E as calculated by a ray tracing method’. The cal- 
culated travel time curve has been superimposed on the record 
section and fits the observed arrivals well. Although the evalua- 
tion is still in progress and modifications of the model are to be 
expected, we feel confident with the conclusion that the P-wave 
velocity of 7.0 kms™' is reached below Iceland in 10-15 km 
depth. There is no room for a 30-km thick layer with velocities 
from 6.5 to 7.0 kms ' which could be interpreted as continental. 
In depths below 10-15 km the velocity increases only slightly 
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and velocity reversals cannot be ruled out. This anomalous layer 
must extend to depths greater than 60 km, as a normal upper 
mantle at 50-60 km depth” would produce travel time segments 
with apparent velocities close to 8 kms ', which have not been 
observed in the record sections. 

On the other hand, it is known from surface wave studies” 
that the top of the asthenosphere is to be expected at about 
60 km depth below the flank of the Reykjanes Ridge. It seems 
therefore most natural to interpret the anomalous layer below 
Iceland as a diapiric updoming of the asthenosphere and the 
term ‘anomalous mantle’ seems quite adequate. Further evi- 
dence for this interpretation comes from the observation of 
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Fig.2 Record section of the line AB1-AB2 recorded at the ground hydrophone of buoy AB1 and reduced by 6 kms” *. The travel time curves 
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shear waves. The evaluation of both P- and S-waves, gives a 
normal ratio (1.76) for the P- to S-wave velocity in the 
uppermost 10-15 km, but a highly anomalous value (2.0) at 
greater depth, which may indicate a partially molten state of the 
pone mantle. This is also supported by magnetotelluric 

ata”. 

In conclusion, Iceland is not simply an uplifted part of the 
Mid-Atlantic Ridge, but rather a deep-seated anomaly. Yet it 
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looks much more like an extremely active part than an obstacle 
to seafloor spreading in the North Atlantic. 

We thank all who made this experiment possible including 
many helpers from participating countries and the crew of RV 
Meteor. Iceland State Broadcasting Service made com- 
munication possible, Stefan Sigurmundson helped to organise 
field work and Geophysikalisches Institut, Karlsruhe, made its 
computer available for digitising the MARS-66 recordings. 
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Fig. 3 Record section on the main RRISP line from shotpoint E towards south-west, reduced by 7 km s”'. The travel time curve is the one 

calculated for the model in the lower part and only few of the calculated rays are shown. The model is defined by lines of equal velocity, indicated 

by the numbers inserted, and by linear vertical interpolation between neighbouring isolines. The depth range below the 7.0kms — isoline is 
interpreted as anomalous mantle. 
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Transport of molecules 
in concentrated systems 


TRANSPORT of molecules in concentrated systems is of 
fundamental importance in medicine, biology and technology, 
for example, transport within cartilageneous tissues, the release 
and distribution within the body of encapsulated drugs and 
transport of reactants in the production process of plastic 
materials. These systems are usually multicomponent in nature. 
In all these processes the transport of substances often has a 
regulatory role as a rate determining step. An understanding of 
the transport process of macromolecules in multicomponent 
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Fig. 1 Reduced diffusion coefficient (Dapp/ Do) of bovine serum 

albumin (BSA) (component 1) as a function of the concentration of 

Dextran T 500 (component 2; molecular weight 5 x 10°). D, is the 

diffusion coefficient of BSA in the absence of added dextran (B. N. 
P. and J. D. Wells, unpublished observations). 


systems is therefore essential, Although problems of this type 
have been treated in a few theoretical’ 7 and experimental” ° 
studies, the understanding of these systems is incomplete, espe- 
cially for concentrated solutions. It is known from studies of 
diffusion in binary systems that a number of features of the 
transport process appear that do not show up in more dilute 
systems” ™ =. We present here new data for macromolecular 
systems which show that the diffusion rate of one macromole- 
cule can be ‘paradoxically’ increased considerably by adding a 
sufficient amount of a suitable second macromolecular 
component. An interpretation of this effect is advanced in terms 
of an extension of existing theories of concentrated solutions. 

The following discussion will be restricted to one homogenous 
phase, ignoring, for the moment, transport across phase boun- 
daries such as membranes. The results apply, however, to 
transport inside a living cell or in the region between cells or 
inside a membrane. 

The rate of diffusion transport?! (diffusion flow, J) in a 
binary system (solute + solvent) is determined by the value of the 
diffusion coefficient, D, and by the gradient in solute concen- 
tration, c, according to the relationship 


= —D gradc (1) 


For a given concentration gradient (in living matter a steady 
state situation is often prevalent) the flow rate is determined by 
the numerical value of D. This coefficient depends on the 
thermodynamic as well as the hydrodynamic properties of the 


system according to the expression”? 
k- T 
D(c) =~ + Q(c) (2) 
fle) 


where Q(c) is a thermodynamic quantity, essentially the deriva- 
tive of the virial expansion for the osmotic pressure, and f(c) the 
frictional coefficient, a hydrodynamic parameter which is a 
measure of the flow resistance exerted by the medium on the 
solute. k is the Boltzmann constant, and T absolute tempera- 
ture. When concentration increases both the ‘thermodynamic 
factor’ O(c) and the ‘hydrodynamic factor’f(c) usually increase 
and it is the interplays*between these two quantities that deter- 
mines the concentration dependence of D. The numerical values 
of Q and f and their functional form in terms of c depend on 
solute—solvent system, on the size and conformational proper- 
ties of the macromolecular solute as well as on temperature and 
pressure. For macromolecules, Q is often the dominant factor 
and both the diffusion coefficient and the thermodynamic driv- 
ing force may change by powers of 10 when the concentration is 
increased from infinite dilution to, say, 10% by weight”. 

In multicomponent systems the situation is more complex due 
to the coupling of flows and the possibility of thermodynamic 
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interaction between solutes”. In a ternary system (solute 1+ 
solute 2+solvent), for instance, there are two independent 
flows, J, and Jz, and four diffusion coefficients related through 
the Onsager reciprocal relationship, thus leaving three of them 
as independent quantities. However, if in such a ternary system 
the concentration of solute 1 is low and if the interest is focused 
on how the rate of transport of this solute is affected by suc- 
cessive additions of solute 2, expressions of the general form (1) 
and (2) can still be used” as good approximations of reality. D is 
then to be interpreted as an apparent diffusion coefficient, Dapp, 
governing the flow of component 1. 

Dpp depends on both the thermodynamic and the hy- 
drodynamic interaction between solutes. Although there is a 
lack of systematic studies of thermodynamic interactions, 
certain osmotic pressure and light scattering data’*** obtained 
for ternary systems indicate that in the case of two different 
chain polymers the interaction ts strong (large excluded volume 
effects) and increases considerably with increasing concen- 
tration of one or both of the solutes (successively higher order 





Ie, Dextran 10 {g mi‘) 


Fig. 2 Reduced diffusion coefficient (Dapp/ Do) of poly- 

vinylpyrrolidone (PVP) (component 1) as a function of the concen- 

tration of Dextran T 10 (component 2; MW = 10x 10"), @, PVP 

360(M,, = 3.2 x 10°): V, PVP 40(M, = 4 x 10°). (B. N. P. and R. G. 
Kitchen, unpublished observation). 


terms in the viral expansion gain importance). The frictional 
properties of multicomponent macromolecular systems are less 
known. From some sedimentation and diffusion 
results 2714162428 and general knowledge about binary 
systems one may conclude, however, that the frictional 
coefficient will increase markedly on addition of the second 
solute, but less so for intermediate concentrations than does the 
thermodynamic factor (see below). 

Recent experiments’’ on the diffusion of one macromolecule 
(component 1) in dilute form in a solution containing increasing 
amounts of a second macromolecule (component 2) up to very 
high concentrations have revealed the following features. If 
component 1 is a compact globular particle (for example, bovine 
serum albumin (BSA)) diffusing in a solution containing dextran 
{component 2), a smooth decrease in D,,, is observed (Fig. 1). 
These results are in agreement with earlier work” '*. However, if 
both solutes are chain polymers, then a marked difference in 
behaviour is observed (Fig. 2). In this case, the diffusion rate of 
polyvinylpyrrolidone (PVP) first decreases with increasing cz, 
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Fig.3 Variation in Dapp of PVP (M, = 3.2 x 10°) (component 1) 

as a function of c3/c2* for various dextrans (component 2) of 

different molecular weight. ©, Dextran T 10(MW = 1.0 x 10°); 0, 

Dextran T20 (MW ~2.0x 10°); A, Dextran T 70 (MW = 7.0 x 

10°; +, Dextran T 150 (MW = 15,0 x 10°). c2* is calculated using a 

modified version?’ of a relationship as given by Simha and Zakin . 
(B. N. P. and G. Checkly, unpublished observations). 


then increases markedly; D,,,, can reach very high values some- 
times of the order of 45 times the value in the absence of 
component 2. Then D,,, reaches a maximum and decreases at 
still higher values of cz. These results point out the regulatory 
influence of the second solute on the diffusion rate of the first. 

These results seem to be in accord with the general view of 
diffusion in multicomponent macromolecular systems as dis- 
cussed above, with the following qualitative explanation. The 
diffusion rate is governed by an interplay between ‘ther- 
modynamic’ and ‘hydrodynamic’ factors. Component 1 is 
present in high dilution and, up to a certain but fairly low value 
of cz, the addition of component 2 mainly affects frictional 
properties and the diffusion rate of component 1 is lowered. 
When c, has been raised sufficiently the thermodynamic inter- 
actions between the different macromolecules will, in the case of 
the linear polymers, rapidly become very strong due to large 
excluded volume effects and will dominate over the increase in 
friction. This explains the very steep increase in the D,,, curve 
against c2. Continued addition of component 2 finally gives a 
situation where close packing of the encompassed-volume- 
spheres of the solute molecules occurs. For dense hexagonal 
close packing, it has been suggested that this occurs at a concen- 
tration (c$) given by c? = 1.08/[n] where [n] is the intrinsic 
viscosity of solute 2 (ref. 28). At this concentration, there will be 
a drastic increase in the ‘friction’ which eventually will dominate 
over the thermodynamic interactions. 

If the molecular weight and hence molecular domain of 
component 2 in the system studied in Fig. 2 is increased, then the 
resultant D,,, against c} curve is displaced to lower concen- 
trations. However, if a normalised concentration scale is used, 
c2/cž, where c¥ differs from c$ only by a small factor that allows 
for the compression of solute 2 (B. N. P. and A. G. Ogston, in 
preparation), then the curves Dapp against c2/c} become 
superimposable (Fig. 3). It appears that the reduced scale 
defines approximately corresponding physical states for the 
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different molecular weight species. It is pertinent that the 
maximum value of Dapp occurs at the point of incipient overlap 
of the molecular domains of component 2 (that is c2./c} = 1). 

That the molecular conformation of the diffusing species is 
critical in determining the diffusion features has been clearly 
demonstrated by study of the simultaneous diffusion of PVP and 
BSA in a concentrated solution of dextran. Whereas the 
diffusion transport of the chain polymer was enhanced by a 
factor of 12, that of albumin was reduced by a factor of 2 
(unpublished observation). 

This small note precludes a detailed theoretical examination 
of multicomponent diffusion and thermodynamic interaction 
but a number of features predicted by theory have been obser- 
ved in the system discussed above. These include the marked 
dependence of Dapp on: (1) molecular weight of component 1 
(Fig. 2); (2) the concentration of both polymeric components, 
and (3) time. 

Our observations may be relevant for understanding the rate 
and direction of diffusion in extracellular compartments 
containing high concentrations of, for example, polysaccharides 
or mucins. However, they may also be important for intracel- 
lular processes such as axonal flow. 
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Ear ossicle of 
Australopithecus robustus 


WE report here the discovery of the first ear ossicle, an incus, of 
a Plio—Pleistocene hominid. It is substantially different from that 
of modern man, and the dissimilarity exceeds that between the 
ear bones of Homo sapiens and of the African apes. The new 
incus is of interest particularly in view of the unique advantages 
that ear ossicles have for taxonomic and phylogenetic studies. 
(The only other fossil hominid ear ossicles are from Qafzeh' and 
are indistinguishable from those of modern man.) 

The right incus was discovered in the Australopithecus robus - 
tus specimen SK 848, a temporal bone from Swartkrans (a 
distinct genus, Paranthropus, is recognised by one of us, R.J.C). 
The incus was found anatomically in situ—in the epitympanic 
recess—and is complete except for the long process (Fig. 1). The 
near-perfect state of preservation permits detailed examination 
of the bone’s morphology, including the articular surface. 

The body of the Swartkrans incus is inflated and bulb shaped. 
A deep indentation at the centre of the articular surface 
emphasises the protrusion of the oversized dens, thus providing 
the body with a somewhat more symmetrical appearance than in 
man, gorilla and chimpanzee. The short (posterior) process is 
cylindrical and of small diameter. The area of its attachment to 
the body is narrow compared with the corresponding area in 
man and the African apes, where the process is flat and broadens 
anteriorly to meet the body. In A. robustus the small diameter of 
the process results in a concave superior contour and the ele- 
vation of the body above the process. 

Comparison of the articular surfaces also reveals profound 
differences. The synovial incudomalleolar joint in man is usually 
described as a saddle-shaped biaxial joint, and in this respect it 
resembles the chimpanzee and the gorilla. The saddle shape 
enables the superior part of the articular facet to be exposed in 
medial view (Fig. 16, c, d, top) and the inferior part (on the dens) 
to be exposed in lateral view (Fig. 1b, c, d, middle). This twisting 
of the surface from the medial to the lateral sides of the bone is 
not found in A. robustus, where a view of the medial side does 
not include the articular surface (Fig. 1a, top). The two parts of 
the articular surface (superior and inferior) face each other, 
forming a more uniaxial joint shaped like the semilunar notch of 
the ulna. Only in A. robustus does the superior part of the 
articular surface occupy such a small portion of the bone’s body 
(Fig. 1a, bottom). 

Although the incus is tiny, its importance should not be 
overlooked. Furthermore, this is one of the most complete and 
undistorted bones of A. robustus yet discovered. The study of its 
morphology with respect to taxonomy and phylogeny is aided by 
additional advantages unique to this bone. It is fully formed at 
birth, and thus later changes are minimal. It has no muscles 
anchored on it and so exhibits none of the morphological effects 
often associated with muscular attachment. As Hershkovitz (ref. 
2, p. 176) states in reference to the ear ossicles, Their growth 
patterns, size, shape, position, and composition are not 
significantly influenced or modified by movements or stresses 
generated by the growth or remodeling of unrelated neighboring 
bones. In effect, ontogeny of the ossicle is virtually a complete 
and undisturbed expression of the basic controlling genetic 
factors. Importance of ear bone morphology and ontogeny in 
phylogenetic reconstructions cannot be underestimated. ” This 
is more true of the incus than the malleus” 

Specialisations of the ear are usually found i in structures other 
than the ossicles, such as the pinna and the external auditory 
meatus, the tympanic bulla, the fenestra ovalis and the ligaments 
supporting the ossicles; specialisations are also exhibited by 
certain anatomical relationships, such as the proportion 
between the areas of the tympanic membrane and the fenestra 
ovalis’”. Many of the modifications associated with the ear 
ossicles themselves are related to the position and orientation of 
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Fig.1 Comparison of the right incus of A. robustus (a) with that of modern man (b), chimpanzee (c) and gorilla (d). Top row, medial view of the 
bone; middle row, lateral view; bottom row, view of the articular surface. All bones are on the same scale and orientation. 


these bones in the tympanic cavity and to the elongation of their 
processes’. Furthermore, the malleus—the most external 
ossicle in the chain—tends to be more specialised than the 
incus*~*. Only in cases of extreme modification of the ear, as in 
bats, moles and whales, is the morphology of the incus substan- 
tially affected*~. It is interesting that the acute angulation of the 
articular facet’s surface, which distinguishes the A. robustus 
incus from that of the African apes and man, is also charac- 
teristic of the rodent Dipodomys merriami, whose ear is speci- 
atised to an unusually low frequency range’. Furthermore, the 
extremely delicate short process in A. robustus (the site of 
attachment of the posterior ligament connecting the incus to the 
petrous bone) may indicate that, as in D. merriami, the ossicles 
were loosely suspended in the tympanic cavity’. 

The solid appearance of the SK 848 incus and of its articular 
surface suggests that its shape is not the result of some patholo- 
gical process. Its unusual morphology is far beyond the range of 
normal variation characteristic of the incudes of modern man 
and the great apes’. This is also supported by the observations 
made by one of us (Y.R.) on tens of H. sapiens bones from 
different populations and on five gorilla and 10 chimpanzee 
bones. 

Although the specific phylogenetic and taxonomic impli- 
cations of our findings are unclear because of the lack of a 
comparative fossil incus sample, this bone can provide at least a 
notion of how great a phylogenetic deviation is represented by 
the robust australopithecines. 

We thank Dr E. Vrba for access to the Transvaal collection, 
Suellen Gauld for assistance with scanning electron microscopy, 
and F. C. Howell, T. White, L. Brunker and W. E. Meikle for 
helpful comments. This study was supported by grants from the 
Louis B. Leakey Foundation and the Boise Fund. 
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Changes in the uncrossed retinotectal 
projection after 
removal of the other eye at birth 


THE connections between the eyes and the brain are so arranged 
as to give an orderly representation in the brain, of the visual 
field. The mechanisms involved in this ordering have been 
extensively studied, particularly in the retinotectal pathway of 
submammalian vertebrates’. In these species the optic nerves 
decussate almost completely, retinal ganglion cells in one eye 
connecting only with the opposite tectum. In mammals, 
however, there is partial decussation at the optic chiasma, so that 
the superior colliculus receives optic fibres from both eyes. 
Binocular representation poses a problem for the ordering of 
retinotectal projections. If one point on the tectum is to cor- 
respond to only one point in visual space, seen through both 
eyes, the mapping rules onto the tectum must have opposing 
polarities in the two eyes, along the nasotemporal axis. This is 
shown in Fig. 1: arostral movement in the colliculus corresponds 
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Fig. 1 A schematic diagram showing the representation of the 
visual field on the retina and on the tectum of a mammal such as the 
hamster. The horizontal meridian of the visual field is depicted as 
an arrow and is shown projecting onto the two tecta so that the 
central field is found rostrally and the peripheral field caudally. 
There are connections from the temporal retina of both eyes to the 
rostral portion of each tectum such that one point on the tectum 
corresponds to only one position in the central visual field, seen 
through both eyes. It is apparent that the ordering of the projection 
shows opposing nasotemporal polarities in the ipsilateral and 
contralateral retinas. In left tectum the sequence G F E from the 
contralateral eye is matched by ef g in the ipsilateral eye; in the 
right tectum g fe is matched by EF G. 


to a temporal movement on the contralateral retina but a nasal 
movement on the ipsilateral retina. Little is known about the 
factors determining the topography of the direct ipsilateral 
projection to the mammalian superior colliculus. Anatomical 
studies in rodents have shown that neonatal removal of one eye 
induces an increased projection from the remaining eye to the 
ipsilateral colliculus**. These aberrant uncrossed optic fibres are 
derived from all regions of the retina and apparently have a 
distribution appropriate for a normal contralateral projection, 
that is, the nasotemporal retinal axis is represented caudoros- 
trally®. The only published physiological study investigating the 
topography (in enucleated rats) confirmed the anatomy as 
regards the nasotemporal axis but, surprisingly, found the 
dorsoventral axis reversed over most of the colliculus ipsilateral 
to the remaining eye’. Here I present results on the enucleated 
hamster showing that the colliculus ipsilateral to the remaining 
eye contains a double representation of the visual field display- 
ing mirror-image polarity along the nasotemporal axis. 

I have examined electrophysiologically the retinal represen- 
tation in the superior colliculi of hamsters, Mesocricetus auratus, 
which had one eye removed at birth. I used both normally 
pigmented and albino strains in an attempt to distinguish the 
contributions to the retinotectal map of fibres which would 
normally have gone ipsilaterally, and of fibres induced by 
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enucleation, to project ipsilaterally. Normal albino mammals 
have only a small uncrossed retinal projection® and I have 
confirmed this for the hamster using both anatomical and phy- 
siological techniques (in preparation). This difference in the 
extent of the ipsilateral projection in pigmented and albino 
hamsters makes it interesting to compare the effects of contrala- 
teral enucleation in the two strains, 

On the day of birth hamster pups were taken from the nest and 
the right eye removed under fluothane anaesthesia. Animals 
over 3 months old were prepared for electrophysiology in a 
manner similar to that described by Tiao and Blakemore’. 
Anaesthesia was maintained with urethane—chloralose (25 mg 
per kg per h urethane; 0.16 mg per kg per h chloralose) and the 
animals were paralysed with gallamine triethiodide (Flaxedil, 
35 mg per kg per h). After removing the dura the visual cortex 
was usually left intact, protected by a mixture of liquid: paraffin 
and vaseliffe. The electrode (tungsten in glass'*, tip length 
12-18 um) was advanced into the colliculus approximately 
perpendicular to its surface; microlesions were made for 
histological reconstruction. Even in the absence of visual 
responses, the surface of the colliculus could be identified by 
characteristic changes in the background noise. 

As the existence of collicular units driven through the ipsila- 
teral eye'’”** has been questioned**, recordings were first made 
in normal pigmented animals. Cells recorded during penetra- 
tions in the rostral colliculus were frequently responsive through 
the ipsilateral eye although usually much more weakly than 
through the contralateral eye, in agreement with the findings of 
Tiao and Blakemore"’. In general, the part of the tectum in 
which there were ipsilaterally evoked responses agreed with the 
distribution of uncrossed optic terminals defined by anatomical 
methods (in preparation). In addition, receptive fields in the two 
eyes always shifted together in visual space as the electrode was 
moved across the colliculus. Consequently, the situation shown 
in Fig. 1 does represent that of the normal hamster. 

Recordings were made in 12 enucleated animals (six albino 
and six normally pigmented): 299 penetrations into the mid- 
brain ipsilateral to the remaining eye and 50 in the opposite side 
(two animals). Multi-unit activity was recorded as soon as the 
electrode entered the colliculus and the receptive field was 
plotted by moving spots of light on a hemispherical screen in 
front of the animal. Receptive fields were generally 10-20° in 
diameter, occasionally much larger, but no double receptive 
fields were seen’. Compared with the visual responses from the 
ipsilateral eye in the normal animal, those in the enucleated 
animal were much brisker and were recorded over a far greater 
extent of tectum. 

Figure 2 shows typical collicular maps of the visual field for 
animals enucleated at birth and recorded when adult. A 
comparison of the uncrossed and crossed projections in one 
animal (Fig. 2, WH 115/1/3) shows that there is a reversal 
within the retinotectal topography of the uncrossed projection. 
Whereas a caudorostral movement in the colliculus contrala- 
teral to the remaining eye gives a normal monotonic progression 
from temporal to nasal visual fields, such a movement in the 
ipsilateral colliculus corresponds initially to a temporonasal field 
progression, which then reverses to move from nasal to temporal 
fields. The polarity of the retinotopic map in the rostral tectum is 
appropriate for a normal ipsilateral projection whereas that in 
the caudal tectum is appropriate for a projection to the 
contralateral side. 

This pattern of ipsilateral retinotectal topography following 
removal of one eye at birth, was seen in all 10 animals in which 
the mapping was sufficiently extensive. There is no obvious 
difference between pigmented and albino animals (Fig. 2). The 
retina maps continuously onto the tectum but with two polari- 
ties; consequently, parts of the retina are represented in two 
places on the tectum. It is only the central part of the visual field 
(temporal retina) that is mapped twice. As in the normal animal, 
the rostral colliculus represents only the central (normally bino- 
cular) visual field. The aberrant projection to the caudal colli- 
culus includes both central and peripheral visual field and is 
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Fig.2 The mapping of the visual field, seen through the left eye, onto the superior colliculi, is shown for the pigmented hamster (left) and the 
albino (right). The right eye of each hamster had been removed on the day of birth. Filled circles indicate the locations of penetrations into the left 
colliculus (ipsilateral to the remaining eye) and also the position of the corresponding receptive fields in visual space; contralateral penetrations 
and the matching receptive fields are depicted by open circles. The electrode, which was angled 35° forward from the vertical in the parasagittal 
plane, was moved in a regular matrix of penetrations over a horizontal stereotaxic plane through lambda. The axes (in mm) at the bottom of the 
figure plot the intersections of the penetrations with this plane, the origin being the lambda. The points representing each parasagittal line of 
penetrations are joined and the progression from caudal to rostral tectum is indicated by the arrowheads. Asterisks denote penetrations falling 
outside the colliculus and the cross refers to one penetration within the colliculus on which no visual response could be elicited. Above the 
collicular representations are the visual field maps. In each case, the upper map (open circles) is derived from penetrations in the contralateral 
(right) colliculus and the lower (filled circles) from ipsilateral penetrations. The visual field coordinate system is that used by Tiao and 
Blakemore’’, using axis-vertical coordinates for the hemisphere whose anterior pole lies directly in front of the animal. The meridians and 
parallels are shown at 30° intervals; H-H and V-V are the horizontal and vertical meridians. To compensate for divergence of the eyes under 
relaxant, a small correction was applied to the positions of the receptive fields, assuming that the normal projection of the optic disk (monitored 
with an ophthalmoscope) lies 54° from the vertical meridian and 25° above the horizontal meridian‘! 
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consequently compressed compared with the normal crossed 
projection. 

Thus, after removal of one eye at birth, the uncrossed fibres 
exhibit retinotectal mapping polarities appropriate for both 
contralateral and ipsilateral projections in the normal animal. 
This implies that the mechanisms involved in determining these 
polarities are independent of whether or not decussation occurs 
and that the map in the rostral colliculus, appropriate for a 
normal ipsilateral projection, does not require the presence of 
an intact projection from the opposite eye. A further surprising 
feature is the segregation of the two maps in the ipsilateral 
tectum. The aberrant input showing mapping rules appropriate 
to a contralateral projection might have been expected to fill the 
whole colliculus, with the two maps superimposed in the rostral 
half as they are in the normal animal (where they come from 
different eyes). 

This segregation could arise if the aberrant axons, induced to 
project ipsilaterally by enucleation of the other eye but exhibi- 
ting contralateral mapping rules, arrive at the tectum much later 
than would a normal crossed projection and find themselves 
excluded from the rostral tectum because of proliferation of the 
normal ipsilateral termination in that region. However, this 
argument might predict that the area of rostral tectum occupied 
by a normal ipsilateral map should still be very small in the 
enucleated albino; surprisingly, it is not (Fig. 2). Thus, in albinos 
at least, some of the fibres that are induced to project ipsila- 
terally, nevertheless, behave appropriately for a normal ipsila- 
teral projection; perhaps these are the fibres that the albino 
mutation would normally cause to pass contralaterally rather 
than ipsilaterally'*~’’. 

An important question is whether the physiologically deter- 
mined retinotectal map actually reflects the pattern of direct 
retinal ganglion cell input’*’’. In this context further anatomical 
work is necessary to ascertain whether the apparent discrepancy 
between the maps found in this study and those determined 
anatomically in the rat® is real. A further complication is the 
existence in mammals of a projection from the visual cortex to 
the superior colliculus’’*', the removal of which, in the cat, 
decreases ipsilateral driving of tectal neurones”. Cunningham 
and Speas’ removed the cortex before recording, but it is 
unlikely that this explains the disparity between their results and 
mine, as I found that removal of the visual cortex, in two 
animals, had no significant effect on the topography of the 
ipsilateral projection mapped before and after the lesion. 
The topography was also unaffected by subsequent removal of 
the colliculus contralateral to the remaining eye. 

These findings imply that the normal direct projection from 
the eye to the ipsilateral tectum (occurring to a significant extent 
only in mammals) has an inherent mapping specificity which is 
independent of input from the other eye. The observation that 
two maps of different polarity, arising from one eye, can co-exist 
within a single tectum may mean that a single area of retina 
contains two populations of ganglion cells exhibiting opposed 
polarity labels. Alternatively, it could be that the caudal and 
rostral halves of the tectum provide different mapping cues for 
fibres entering from the ipsilateral eye. A further complication 
arises if uncrossed fibres in both normal and enucleated animals 
are branches of crossed fibres, as has been suggested for the 
rat?™?*, In that case, the two branches of a single retinal ganglion 
cell would have to display different mapping rules according to 
their laterality. Further work is required to provide fundamental 
information about the formation of visual maps in the mam- 
malian brain. 

I thank Dr Colin Blakemore for advice and discussion. The 
work was supported by grants from the MRC. 
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Blood platelets do not provide 
endoperoxides 
for vascular prostacyclin production 


PROSTACYCLIN (PGI), the most active natural inhibitor of 
blood platelet aggregation described so far, is synthesised from 
the cyclic endoperoxide, PGH, derived from endogenous 
arachidonic acid by the cyclo-oxygenase enzyme system. Exo- 
genous endoperoxides are also readily converted into PGI, (refs 
1, 2). Indomethacin inhibits the cyclo-oxygenase activity and 
thereby prevents PGH, formation. Because of this lack of 
precursor, endogenous PGI, production of indomethacin- 
treated tissue does not occur. However, when vascular tissue, 
pretreated with indomethacin, is incubated in platelet-rich 
plasma (PRP), its PGI, production is restored. On the basis of 
this observation it has been suggested that activated blood 
platelets can be a source of exogenous endoperoxides, stimulat- 
ing the vascular prostacyclin formation and, consequently, 
limiting the growth of a platelet thrombus’. We now report 
results indicating that it is highly unlikely that blood platelets are 
able to promote vascular prostacyclin formation by supplying 
cyclic endoperoxides. 

Male Wistar rats, specific pathogen-free, mean body weight 
about 300 g, were bled under ether anaesthesia by puncturing 
the abdominal aorta. The blood was collected in sodium citrate 
(3.8 w/v % 1 part +9 parts of blood) and PRP and platelet-poor 
plasma (PPP) were prepared by differential centrifugation. 
Aortas were removed, cleaned from adjacent tissue, opened 
longitudinally and kept in Krebs-Henseleit buffer with or 
without indomethacin (2 pg ml) for at least 60 min at 0°C. A 
small piece of tissue (diameter 3 mm, dry weight ~100 ug) was 
punched out of the aorta and incubated immediately in 200 pl of 
either PPP or PRP in a gently shaken plastic vial for 3 min at 
room temperature. Measurement of the prostacyclin content of 
the incubate was based on the inhibiting effect of the incubate on 
ADP-induced aggregation of blood platelets. Incubation of 
normal aortic tissue resulted in the production of an aggre- 
gation-inhibiting principle with typical prostacyclin charac- 
teristics’. No significant difference in PGI, production was 
observed on incubation with either PPP or PRP (Fig. 1). 

Indomethacin-treated tissue did not produce prostacyclin, 
irrespective of whether it had been incubated in PPP or PRP 
(Fig. 1). Similar results were obtained with longer incubation 
times (up to 12 min) and/or using human PPP and PRP as 
incubation media. Prostacyclin formation of normal aortas was 
considerably stimulated and that of indomethacin-treated 
aortas completely restored when PGH, was added to the 
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Fig. 1 Prostacyclin production of rat aortic tissue, some treated 
with indomethacin (aorta-indo), on incubation (3 min) in platelet- 
poor rat plasma (PPP, platelet count 8-10 x 10° pl i or platelet- 
rich rat plasma (PRP, platelet count 1.7 x 10° ul!) at room 
temperature. The incubate (see text) was centrifuged (45 s; Beck- 
man 152 microfuge) and 1 min after termination of incubation 
50 wl was added (A) to an aggregometer cuvette (Born/ Miche!) 
containing 0.75 ml saline (0.85 w/v % NaCl, 7 parts + CaCl, 4x 
107° mol}, 1 part) and 0.1 ml rat PRP, which had been prein- 
cubated (37 °C) for 2.5 min. Thirty seconds after incubate addition 
O.i ml ADP was added (B) to a final concentration of 2.5 x 
10°’ mol 17}. Aggregation is indicated by the % change in light 
transmission (AT). Prostacyclin content of the incubates was cal- 
culated from the difference in aggregation in the presence of 
aorta-containing incubates (b) compared with aorta-free incubates 
(a) and expressed as % inhibition: Inh. % = (a —b/a)100%. Mean 
values +s.e.m. of seven determinations, 
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was triggered by collagen. PGI, formation by normal and 
indomethacin-treated aortic tissue was assessed on incubation in 
PRP during aggregation induced by a collagen dose that caused 
platelets to produce endoperoxides (measured as malondialde- 
hyde) and to release part of their granule content’. The results 
(Fig. 2) show that indomethacin-treated aortic tissue is unable to 
produce prostacyclin even if it is incubated in a suspension of 
collagen-activated blood piatelets. 

We then investigated whether the prostacyclin production of 
vascular tissue not treated with indomethacin could be 
influenced by incubation in PRP producing different amounts of 
endoperoxides. For this, we used platelets and aortas of normal 
rats and animals deficient in essential fatty acids (EFA). Platelets 
of these latter animals, when triggered by collagen, aggregate 
less than normal platelets’ and produce only small amounts of 
endoperoxides and thromboxanes’’”*. Their vascular prosta- 
cyclin production is lower than that in normal animals‘, but 
thromboxane’ and prostacyclin synthetase* are present in 
normal amounts. 
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incubation medium (1 pg ml final concentration), thus show- 
ing the responsiveness of the tissue to exogenous precursor in 
the present experimental conditions. Therefore, it can be 
concluded that PRP, gently shaken at room temperature for 
3 min, does not supply the vascular wall with endoperoxides for 
prostacyclin synthesis. 

Because this PRP treatment might not have activated the 
platelets sufficiently to initiate arachidonate peroxidation, in the 
next series of experiments platelet endoperoxide production 
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Fig.3 Effect of normal and indomethacin-treated aortic tissue on 
the % light transmission (7) of PRP and ADP-induced aggregation 
in PRP. A PRP dilution (for details see legend to Fig. 1) was stirred 
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Fig. 2 Prostacyclin production of rat aortic tissue which had 
(aorta-indo) or had not (aorta) been preincubated (2°60 min) in 
indomethacin-containing Krebs-Henseleit buffer (2 wg mi’). 
Aggregation of rat PRP (platelet count 1.7x 10° wl") was 
triggered (A) by collagen (5.6 10°° g protein ml”! final concen- 
tration). At the beginning of aggregation (delay time ~60.s) aortic 
tissue was added (B). Aggregation was quantified as the % change 
in transmission 3 min after adding the tissue (AT). Prostacyclin 
production was. determined by measuring the difference in 
collagen-induced aggregation after tissue addition (b) compared 
with control, aggregations without added tissue (a) and expressed 
as % inhibition: Inh. % = (a ~ 6/a)100%. Mean values +s.e.m. of 
16 determinations. 


(1,060 r.p.m.) in an aggregometer at 37 °C. After 3 min (A) a piece 
of aorta was added. Ten minutes later (B) the tissue was removed 
and ADP added to trigger aggregation. a, No aorta. Aggregation 
indicates response of platelets to ADP. b, Normal aorta. No 
platelet shape change and aggregation after either tissue addition 
or ADP administration. In later experiments this was shown to be 
the result of prostacyclin formation by the added tissue. c, 
Indomethacin-treated aorta. The immediate decrease in trans- 
mission and the diminishing oscillations indicate activation of the 
platelets by the vascular tissue. After some time the tracing tended 
to return to normal, indicating de-activation of the platelets. 
Together with the absence of aggregation on ADP addition, this 
suggests progressively increasing prostacyclin formation, which 
was confirmed in later experiments (not shown). 


If platelet endoperoxides stimulate vascular prostacyclin 
formation, one would expect more PGI, to be formed on 
incubation of vascular tissue with collagen-activated normal 
than EFA-deficient PRP. However, Table 1 shows that neither 
normal nor EFA-deficient aortic tissue produce more PGI, on 
incubation with collagen-activated normal PRP than with 
collagen-activated EFA-deficient PRP. 

Because normal as well as EFA-deficient vascular tissue can 
easily be stimulated to produce more PGI, merely by adding 
exogenous PGH; to the incubation medium, it is highly unlikely 
that activated blood platelets contribute to vascular prostacyclin 
synthesis by providing cyclic endoperoxides. As shown by Bunt- 
ing et al? and confirmed by others”, including ourselves (Fig. 
3), indomethacin-treated tissue prevents aggregation when 
incubated in PRP. The mechanism for this is unknown, but we 
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Table i Prostacyclin production of rat aortic tissue on incubation with 
collagen-aggregated PRP of normal or EFA-deficient rats 





Prostacyclin 
(ng PGE, 
Aorta PRP per min) Difference 

Control Control 9.1+1.32 
Control EFA-deficient 7.8+0.91 ee 

P<0.001 
EFA-deficient Control 1.3+0.58 P>0.10 
EFA-deficient EFA-deficient 1.4+0.41 een 





For technical details see the legend to Fig. 2. „As the collagen-induced 
aggregation is depressed in EFA deficiency”, effects were calibrated 
against the inhibitory effect of prostaglandin E, (PGE). Dose-response 
curves of PGE, were made in both normal and EFA-deficient PRP. 
Prostacyclin production is given in PGE, equivalents (ng min` y 
mean+s.e.m. of 11 determinations. Results were statistically evaluated 
using the Kruskal-Wallis analysis of variance on ranked observations re 


believe that it is due to removal of indomethacin from the 
cyclo-oxygenase enzyme system, which is consequently reac- 
tivated during incubation. This was confirmed by the following 
experiment. 

A piece of indomethacin-treated rat aorta was added to a 
stirred rat PRP dilution and the change in transmission recorded 
continuously. When after 10 min the tissue was removed and 
ADP (0.1 ml, 2.5 x 107° mol 1+) added to the PRP, no aggre- 
gation was observed (Fig. 3). Aggregation did occur, however, 
when the platelet mixture was stirred without added aorta (Fig. 
3), confirming Bunting’s observation that indomethacin-treated 
vascular tissue produces PGI,-like activity when incubated in 
stirred PRP. 

The removed tissue was quickly rinsed in Krebs-Henseleit 
buffer, incubated in 200 ul Tris buffer (0.02 mol 1', pH 7.2) at 
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Fig. 4 Endogenous prostacyclin production (% inhibition of 
ADP-induced aggregation) of indomethacin-treated aortic tissue 
of rats after preincubation. Pieces of vascular tissue were added to 
an aggregometer cuvette containing 0.8 ml saline + CaCl, (see Fig. 
1) and 0.1 ml PRP, PPP or Krebs-Henseleit buffer. This mixture 
had been preincubated for 3min at 37°C, while stirred at 
1,000 r.p.m. After 10 min the tissue was removed, rinsed in Krebs- 
Henseleit buffer and incubated in 200 yl Tris buffer (0.02 mol e 

pH 7.2) at room temperature in a gently shaken vial. After 3, 10 
and 20 min 50-pl portions of the incubate were assessed for their 
PGI -like activity on the basis of their inhibiting effect on ADP- 
induced aggregation (see Fig. 1). Results are means+s.e.m. of 
seven determinations. First and second media were, respectively: 
W. PRP, Tris; ©, PPP, Tris; O, Krebs-Henseleit, Tris; @, Krebs- 
Henseleit + indomethacin (2 pg ml ! final concentration), Tris+ 

indomethacin (2 pg ml’). 
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room temperature, and endogenous PGI, production assessed 
in 50-1 portions of the incubate taken after 3, 10 and 20 min of 
incubation. If the cyclo-oxygenase was still blocked by 
indomethacin, no prostacyclin production would be expected. 
However, substantial amounts of endogenous PGI, -like activity 
were detected in the incubate (Fig. 4). This is not due to ‘late’ 
conversion of stored, platelet-derived PGH, as essentially 
similar results were obtained on 10min incubation of 
indomethacin-treated tissue in a stirred PPP dilution or in a 
dilution of Krebs-Henseleit buffer (Fig. 4). Endogenous PGI, 
production could be prevented only when the first as well as the 
second incubation was carried out in a saline milieu, containing 
indomethacin (Fig. 4). 

Indomethacin added to PRP or PPP (2 ygml™’) did not 
prevent reactivation of vascular cyclo-oxygenase (not shown), 
most probably because the added indomethacin is bound to 
plasma proteins, resulting in too low a ‘free’ indomethacin 
concentration. There was no appreciable difference between the 
use of PRP or PPP during the first incubation on subsequent 
endogenous PGI, production by the tissue. This indicates that 
platelets do not have a special effect on reactivation of vessel 
wall cyclo-oxygenase. In this respect, plasma seems superior to 
buffer, probably because the strong affinity of indomethacin for 
plasma proteins facilitates its removal from vascular cyclo- 
oxygenase. 

In our first experiment (Fig. 1), we were unable to detect PGI, 
production by indomethacin-treated aortas incubated in PRP or 
PPP. Obviously, the incubation conditions in our last experi- 
ment (temperature 37 °C instead of room temperature; time 10 
instead of 3 min; plasma mixing by stirring instead of shaking) 
enhanced the removal of indomethacin from vessel wall cyclo- 
oxygenase. 

Later experiments, to be presented elsewhere, showed that 
reactivation of indomethacin-blocked vascular cyclo-oxygenase 
needs about 6 min of incubation in plasma at 37°C, stirred at 
1,000 r.p.m. The presence of platelets during this incubation 
had no significant effect. 

Thus, we have shown that in a variety of conditions blood 

platelets do not enhance vascular prostacyclin production by 
supplying cyclic endoperoxides. Experiments suggestive of the 
existence of such a pathway did not take into account that the 
binding of indomethacin to cyclo-oxygenase, and consequently, 
the cyclo-oxygenase inactivation is reversible and can easily be 
overcome by incubation of indomethacin-treated tissue in an 
indomethacin-free medium. 
Note added in proof: Recently, Needleman et al.” reached a 
similar conclusion, namely that in normal conditions blood 
vessels do not use platelet cyclic endoperoxides for prostacyclin 
synthesis. 
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Is alanine the active component 
in anterior pituitary extracts proposed 
to contain a thymotropic factor? 


SAXENA AND TALWAR have reported the occurrence of a 
factor in extracts of the anterior pituitary which stimulates 
thymidine incorporation into thymocytes in vitro’. The possible 
existence of a previously unknown thymotropic pituitary factor 
was discussed. The test system used by Saxena and Talwar 
consisted of isolated rat thymocytes cultured in a defined glucose 
salt medium without serum or other additives. Anterior pitul- 
tary extract (APE) was added and the uptake of “H-thymidine 
into acid-insoluble material during short-term incubation was 
greatly stimulated. It was briefly mentioned that stimulation was 
also obtained when thymocytes were cultured in RPMI or 
Parker 199 medium. No effect was observed on tissue slices from 
liver, heart, kidney and diaphragm. The factor was said to have a 
molecular weight of 500 and an isoelectric point of 7.9, but the 
methods of determining these properties were not described. 
We report here on the isolation of an active component in the 
APE and its identification as the amino acid alanine. APE was 
tested for the ability to stimulate thymidine incorporation and 
mitotic activity in guinea pig thymocytes in our in vitro systems 
(test systems are described in the legends to Table 1 and Fig. 1). 
The incorporation of thymidine and the mitotic activity were 
both stimulated in our experiments (Fig. 1a). The stimulatory 
effect on thymidine incorporation was dose dependent and 
varied between 129 and 156% in different experiments. 

APE was purified using preparative thin layer chromato- 
graphy (TLC). In the first system (cellulose; ethanol 95%: 
ammonium acetate 1M, pH 5.0; 7:3), at least 10 separate 
ninhydrin-positive bands were obtained. Fractions were eluted 
according to the ninhydrin stain and tested for the ability to 
stimulate thymidine incorporation. Active material was 
rechromatographed in other solvent systems, fractionated and 
again tested for activity. A fraction which was considered 
homogeneous was on analytical TLC found to correspond to the 
amino acid alanine. When alanine was used as a reference in the 
preparative runs, all the activity was found in the region of this 
amino acid. (Amino acids mentioned are in the L. form unless 
indicated otherwise.) 

The RPMI 1640 medium, used by us and many others for 
lymphoid cell cultures, contains all common amino acids except 
alanine and cysteine’. It has recently been discovered that 
alanine, when added to RPMI 1640 medium, causes a quan- 
titatively important increase in the thymidine incorporation into 
thymocytes and lymphocytes of different organs and species’. 
Isolated rat liver cells are not stimulated by alanine (O.S., 
unpublished results). The addition of alanine also increases the 
frequency of mitoses in cultures of guinea pig thymocytes (Fig. 
1b and ref. 4). The stimulatory effect of alanine in RPMI 1640 
medium is detected at a concentration of 10 uM and is maximal 
at 100 M. Concentrations up to 2 mM cause the same maximal 
stimulation. D-Alanine or B-alanine do not stimulate thymidine 
incorporation. Alanine is one of the most common amino acids 
in serum” and the alanine requirement would probably be 
provided for by the addition of serum to the culture medium. 
However, uncontrolled factors such as general enzyme inhibi- 
tors and uncharacterised growth factors present in serum render 
its use unsuitable in studies of lymphoid growth factors. 

Lymphoid cells from different species seem to vary in sensi- 
tivity to alanine stimulation. In guinea pigs, for example, thy- 
mocytes are stimulated by less than 200%, whereas human 
thymocytes could be stimulated by more than 350% in RPMI 
1640 medium (O.S., unpublished results). 

Saxena and Talwar’ used a defined glucose salt medium for 
their thymocyte cultures. We studied the effect of supplement- 
ing such a medium with nutrients, such as amino acids and 
vitamins. Table 1 compares the radioactivity incorporated into 
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thymocytes cultured in RPMI 1640 medium, in RPMI 1640 
supplemented with alanine, and in Hank’s~Dulbecco (H-D) 
medium (a mixture of equal parts of Hank’s balanced salt 
solution and Dulbecco's phosphate-buffered saline, the 
compositions of which are described in ref. 2). The highest 
incorporation is found in the alanine-supplemented RPMI 1640 
medium and the lowest in the H-D medium. Table 1 also shows 
the effect of addition of APE or alanine to the different media. 
When APE was tested for activity in alanine-supplemented 
RPMI 1640 medium, no stimulation of the thymidine 
incorporation was obtained. Thus, the stimulatory effect of APE 
in the RPMI 1640 medium depends on tts alanine content. 
Material in extracts from bovine liver, spleen and thymus, which 
stimulated the thymidine incorporation into lymphocytes from 
various sources, has earlier been identified as alanine’. As 
shown in Table 1, addition of alanine is without stimulatory 
effect on thymidine incorporation in the H-D medium, indicat- 
ing that the stimulatory effect of APE in this medium depends on 
alanine in combination with other amino acids, probably present 
in the extract. (Crude low molecular weight material (<10,000 
daltons) from bovine thymus stimulates thymidine incorpora- 
tion into guinea pig thymocytes cultured in H-D medium (O.S., 
unpublished data). Even highly purified low molecular weight 
material from tissue extracts (thymus, spleen and liver) contains, 
in addition to alanine, various amounts of other amino acids (K. 
Nordlind, personal communication). 

We conclude that the stimulatory effect of APE on thymidine 
incorporation and the frequency of mitoses in RPMI 1640 
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Fig. 1 Effects of APE (a) and alanine (6) on incorporation of 
*H-thymidine and frequency of colcemid-arrested metaphases in 
cultured thymus cells. The method for determination of `H-thy- 
midine incorporation is described in the legend to Table 1. For 
quantification of mitotic activity, 1-ml cultures with 5 x 10° cells 
were incubated in RPMI 1640 medium at 37°C. After 30 min, 
APE (1:2; see Table 1) or alanine (to make 0.65 mM) was added 
(time 0) in a volume of 0.2 mi. The procedure for preparation of the 
cells for mitotic counts is described elsewhere’. Briefly, cells were 
swelled on glass slides by hypotonic treatment, fixed by addition of 
methanol: acetic acid (3:1) and stained; 5,000 cells from each 

roup were examined at 1,000 magnification. Incorporation of 

H-thymidine (c.p.m.) in 1 h is shown by vertical bars, and mitotic 
activity (% metaphases) by continuous (APE or alanine) and 
dashed lines (controls). Each point on the curves represents the 
frequency of cells in metaphase after a 2-h pulse with colcemid 
(100 wl added to make 0.08 pg mi H), The values for *H-thymidine 
incorporation and mitotic activity after addition of APE (but not 
alanine) were measured at the same time using cells from the same 

suspension in both cases. 
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Table 1 Thymidine incorporation into guinea pig thymocytes cultured 
in different media, and the effect of addition of APE or alanine 





Addition Incorporated radioactivity (c.p.m., mean 
of duplicate cultures) 
RPMI 1640 RPMI 1640+ Hanks- 
alanine (0.5 mM) Dulbecco 
Control 7.602 12,446 4,033 
(sterile water) 
Alanine (50 nmol 11,712 (154) 12,538 (101) 3,206 (79) 
per culture) 
APE 1:2 10,381 (137) 10,274 (83) 5,530 (137) 
1:4 9,905 (131) 11,114 (89) 5,294 (131) 
1:6 8,505 (112) 10,861 (87) 4,771 (118) 





5 x 10° guinea pig thymocytes were incubated in 0.1-ml samples of the 
media indicated above. Incubations were carried out in a Linbro micro- 
titration plate in 37°C in an atmosphere of 10% CO, in air. Penicillin 
(100 IU m1~') and streptomycin (100 pg ml” ') were added to all media 
and glutamine (2 mM) was added to the RPMI media before the onset of 
cultures, One ampulla of lyophilised APE was dissolved in 5 ml sterile 
water (according to instructions from R. K. Saxena) and diluted as 
indicated above; 10,1 of APE or alanine was added to duplicate 
cultures from the start. Control cultures received 10 wl of sterile water. 
Tritiated thymidine (0.5 Ci, 1 uM) in 10 wl physiological saline was 
added after 4 h. One hour later the cultures were collected on a Skatron 
multiple cell collector using glass fibre filters. Incorporated radioactivity 
was measured in a Packard liquid scintillation spectrometer. Values in 
parentheses show the percentage of incorporation in the different media 
after the addition of alanine or APE compared with the control cultures. 


medium are due to the presence of alanine in the APE. The 
effect of APE in glucose salt medium, shown by Saxena and 
Talwar, is probably caused by the presence of several essential 
nutrients in the APE, for example, a mixture of amino acids. As 
shown here, the growth of thymic cells (and probably other cells 
also) in short-term cultures is very dependent on the presence of 
essential nutrients. When culturing lymphoid cells, alanine 
should be included in the culture medium. 

Due to the facts presented above, we feel that the existence of 
a new thymotrophic pituitary factor is not yet fully confirmed. 

This work was supported by Karolinska Institutet. We thank 
Dr R. K. Saxena for his kind cooperation and gift of APE. 
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Amputation of a suppressor determinant 
on lysozyme reveals underlying 
T-cell reactivity to other determinants 


THE response to several thymus-dependent antigens is 
influenced by immune response (Ir) genes, usually those of the 
major histocompatibility complex. However, the relevant gene 
products and their cellular sites of action have not been fully 
characterised. It is evident that in certain cases, the Jr genes can 
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function to select those determinants which will be presented to 
activate T cells. This control operates, at least in part, at the level 
of macrophage-T-cell interactions. We have previously pro- 
posed' that the failure of a T-cell response in H-2° mice 
following immunisation with chicken lysozyme (HEL) could be 
due to preferential stimulation of suppressor T cells. A suppres- 
sor mechanism which nullifies the activity of lysozyme-specific 
T-helper cells has been reported from our laboratory’. 
Comparison of the amino acid sequence of various closely 
related lysozymes reveals that molecules which have tyrosine at 
position 3 are immunogenic in H-2” mice whereas lysozymes 
with phenylalanine at position 3 are non-immunogenic in such 
strains’, We have considered the possibility that the latter 
lysozymes possess a determinant that preferentially stimulates 
suppressor cells in H-2” mice, whereas the former lack this 
‘suppressor determinant’. Other studies**, including those by 
Schwartz et al.’ and Turkin and E.E.S.°, support a phenomenon 
of generalised suppression caused by restricted determinants. 
Here, we demonstrate that a strain which is unresponsive to 
HEL and whose T-cell proliferative activity is absent following 
immunisation with the entire molecule, possesses the potential 
to generate a vigorous T-cell response directed against a large 
fragment of the antigen. Suppressor cells directed against a 
restricted determinant on the molecule obscure this competence 
to respond to the majority of the molecule. 

As a first test of the proposition that HEL carries a suppressor 
determinant, a major peptide of HEL lacking the putative 
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Fig.1 Groups of 10 C57BL/10 (a) and 10 C57BL10.A (b) mice 
were injected with either 15 ug of RCM-Ly or 22 pg RCM-HEL, 
emulsified in complete Freund’s adjuvant (containing Mycobac - 
terium tuberculosis strain H37Ra), divided in the hind footpads. 
Four weeks later, peritoneal exudate T-enriched lymphocytes 
(PETLES) were prepared as described by Schwartz et al.'®. Five 
days after injection of 1 ml of 10% thioglycollate, the peritoneal 
cells were recovered, washed and passed over nylon wool to enrich 
for T cells''. 2x 10° PETLES per well were stimulated in round- 
bottomed microtitre plates (Microbiological Associates) with 
medium alone (modified Eagle~Hanks’ medium containing fresh 
L-glutamine, 2-mercaptoethanol, antibiotics and 10% heat- 
inactivated fetal bovine serum), or supplemented with 50 pg ml! 
purified protein derivative (PPD), or antigens (4-200 ug mi"). 
Cultures were incubated at 37 °C in 2% COQ, 98% air for 5 d. Four 
days after initiation, cultures were pulsed with 1 «Ci of [Methyl- 
34 ]thymidine {specific activity 6.7 Ci mmol, NEN) in 10 pl 
phosphate-buffered saline. The amount of antigen-stimulated 
incorporation of label into cellular DNA was determined by 
counting the cells collected 16h later on filter disks in a liquid 
scintillation counter. The maximum stimulation observed in three 
separate experiments has been plotted as a relative per cent of the 
response stimulated by PPD (purified protein derivative of the 
same strain of M. tuberculosis). PPD stimulation ranged from 
25-50,000c.p.m. in different experiments; the background 
(medium alone) was 500~2,000 c.p.m. The bars represent mean 
incorporation +s.e.m. The antigen used in culture was either 
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Fig.2 Using an identical protocol to that described in the legend 
to Fig. 1, groups of B10 mice were primed with 15 pg RCM-Ly or 
22 wg RCM-HEL, and the PETLES were isolated 4 weeks later. 
The individual or mixed PETLES populations were stimulated as 
shown, with 50 ugml7? RCM-Ly or 75 pgm? RCM-HEL. 
Mixtures of 2%, 20% or 50% RCM-HEL-primed PETLES with 
RCM-Ly-primed PETLES were used, resulting in 22, 10 and 25% 
of the RCM-Ly-induced level of incorporation, respectively. A 
representative experiment is shown, in which only the 20% mix- 
ture results are plotted. 


suppressor determinant was used to prime B10 and B10.A 
congeneic mice, and the in vitro proliferative potential of these 
peptide-primed T cells was determined. The peptide used was 
the reduced and carboxymethylated, cyanogen-bromide 
peptide RCM-L, (amino acid residues 13-105). This is the 
largest peptide derivable from HEL which lacks the presump- 
tively suppressive region around the N-terminus. As this peptide 
was obtained from RCM-HEL, one underlying assumption that 
had to be tested was that the T-cell cross-reactivity observed 
between HEL and RCM-HEL’ extended to the suppressor cell 
level. Therefore, groups of B10 and B10.A mice were 
immunised with intact RCM-HEL and the proliferative 
responses of T cells from these mice were determined in the 
peritoneal exudate T-enriched lymphocyte (PETLES) system 
first developed by Schwartz et al.'°. Whereas RCM-HEL 
induced a vigorous PETLES proliferative activity in the B10.A 
strain, there was no response to RCM-HEL by B10 PETLES. 
We then tested the prediction that B10 mice should be capable 
of responding to RCM-HEL following ‘amputation’ of the 
suppressor-inducing determinant. B10 and B10.A mice were 
immunised with 15 ug of RCM-L,, (a molar equivalent of the 
standard dose of intact RCM-HEL) in complete Freund’s adju- 
vant. Three to six weeks later, PETLES were prepared and the 
proliferative response of these cells was determined. As shown 
in Fig. 1, both B10 and B10.A PETLES from mice primed with 
RCM-L, demonstrate active proliferative responses to this 
large peptide. Furthermore, the stimulatory determinants 
recognised on RCM-L, are also available on intact RCM-HEL, 
as shown by the high degree of cross-stimulation of RCM-L),- 
primed PETLES in the B10.A case. In contrast, the distinct 
preference for RCM-L, by B10 PETLES may reflect the effect 
of primary suppressor T-cell recognition of the suppressor 
determinant on intact RCM-HEL. 

The functional inability of RCM-~HEL-primed B10 PETLES 
to proliferate in the presence of strong responsiveness to 
determinants on RCM-L, can be attributed to a suppressor- 
inducing determinant present on RCM-HEL, but absent from 
RCM-Ly. Taken together, the regions absent from RCM-Ly, 
(residues 1-12 and 106-120) represent a determinant region 
very similar to the N-C disulphide peptide. This peptide has 
previously been shown to induce HEL -specific suppressor cells 
in B10 mice’. The combined evidence supports the concept 
that there is a population of precursor T cells available in B10 
mice which can be effectively stimulated by determinants on 
RCM-Lu. 
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The implication that RCM-HEL is able to raise suppressor T 
cells which can affect the proliferative response to RCM-L, was 
then tested directly in the experiment shown in Fig, 2. RCM-Ly- 
primed PETLES, when stimulated by homologous peptide in 
culture, gave a proliferative response that was 55% of the value 
induced by purified protein derivative (PPD), RCM-HEL- 
primed PETLES again showed no proliferation in vitro, when 
stimulated by either RCM-HEL or RCM-Ly, suggesting that no 
expansion of RCM-L,-specific T cells had occurred. These 
putatively suppressive cells were then titrated into the respon- 
sive, RCM-L,-primed population. As shown in Fig. 2, 20% of 
the RCM-HEL-primed PETLES completely obliterate the 
specific response; actually, this was true even when the propor- 
tion of suppressive cells was only 2%. It is particularly interes- 
ting that the suppression only occurred over an antigenic bridge 
which linked the suppressor determinant with the proliferation- 
inducing determinant. Thus, when suppressor cells were present 
and potentially fully active, RCM-L,, added in culture stimu- 
lated a response similar to that seen in the absence of suppressor 
T cells. However, with RCM-HEL as antigen, suppression was 
easily demonstrable. This dominant suppressive effect obviated 
the possibility that for some reason, RCM-HEL was catabolised 
too quickly in B10 mice to make an impression on the immune 
machinery. 

This reasonably active suppression on a primed T-cell proli- 
ferative response has previously been difficult to observe. It 
suggests that the most suitable system in which to detect 
suppression may be one, as above, in which the antigen (frag- 
ment) stimulating the target response, here RCM-Ly, does not 
itself act on suppressor cells. 

We conclude that many situations arise in systems under 
obvious genetic control”, but also with more complex antigens, 
where a particular haplotype will regard a determinant region as 
suppressive. The existence of this recognition will then obscure 
an underlying, vigorous responsiveness directed against other 
parts of the molecule. 

One, if not the major role, of Jr genes may be performed by 
antigen-presenting cells (macrophages) in selecting the appro- 
priate determinant to be offered to different subpopulations of T 
cells'*'*, Although this has widely been considered as a problem 
relating to the activation of helper cells, our results indicate that 
suppressor cell triggering 1s the critical factor for the outcome of 
the total response. Whether antigen presentation to suppressor 
cell precursors is a macrophage function remains to be 
established. Our work suggests that what occurs is the presen- 
tation of different determinants to the competing sub- 
populations of regulatory T cells. 

This work was supported in part by USPHS grants CA-24442 
and AI-11183, and NCI contract CB-43972, We thank Dr 
Ronald Schwartz for generous help with the PETLES assay, and 
Julie Zackrison for secretarial assistance. 
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Solubilisation of 
high-affinity dopamine receptors 


NEUROLEPTIC drugs are thought to act by blocking brain 
dopamine receptors’. In vitro binding assays using either °H- 
haloperidol?” or *H-spiperone*” have provided more direct 
evidence of this interaction. Although spiperone has been 
reported to label serotonergic receptors in the frontal cortex‘, in 
the rat striatum, in both in vitro? and in vive conditions’'”"'," 
the binding characteristics of this drug are dopaminergic. Initial 
attempts to solubilise the neuroleptic receptor were recently 
undertaken in our laboratory, but the ~H-spiperone 
macromolecular complex obtained from rat striatal membranes 
after digitonin treatment’? did not show the original high- 
affinity binding characteristics for dopamine agonists and 
antagonists except for spiperone itself. More recently, solu- 
bilised neuroleptic sites werg found in digitonin extracts from 
calf caudate but they were still not characterised'*. We now 
report the solubilisation of binding sites from dog striatum 
which retain the characteristics of membrane-bound dopamine 
receptors. : 

Mongrel dogs were anaesthetised with pentobarbital and 
Wistar rats were decapitated; their brains were removed and the 
striatum, cerebellum and frontal cortex were dissected out and 
homogenised in 0.25 M sucrose. A microsomal (P) fraction was 
prepared as previously described*. This membrane preparation 
was treated at 0 °C for 15 min with’1% digitonin suspended in 2 
or 4 volumes of 0.25M sucrose containing 10 mM sodium 
phosphate buffer (pH 7.2) and 0.01% NaN3. After centrifuga- 
tion at 120,000 g (ray) for 60 min in a SW 65 Ti Spinco rotor, the 
supernatant, which was considered as the soluble preparation 
(~2 mg protein ml™'), was removed very carefully without 
disburbing the pellet. An aliquot of this solubilised preparation 
was incubated at 0°C for 16h in the presence of 2x10°7M 
*H-spiperone (specific activity 23.6 Cimmol™’, NEN) and 
various concentrations of unlabelled drugs, Aliquots of 0.1 ml of 
the incubation mixture were layered on e top of a Sephadex 
G-50 Medium column (13 x 0.5 cm). Elution was carried out at 
2°C with 10mM sodium phosphate ‘(pH 7.2) containing 
0.01% NaN,. Four-drop fractions were collected in scintillation 
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Fig. 1 Inhibitory effect of (+)butaclamol (@-—@) and (—)butaclamol (O— 

©) on the binding of “H-spiperone to solubilised material from dog striatum, 

Control experiments with (+)butaclamol used cerebellum extract (A--A) 

and thermally inactivated (56 °C for 10 min) preparations from dog striatum 

(@- ~-—@) and cerebellum (A- - —A). The values given are from one typical 
experiment. 


vials and then counted for radioactivity. The gel-filtration pro- 
cedure enabled the bound *H-spiperone macromolecular 
complex to be separated from the free drug, as described in more 
detail previously'*’*. 

Figure 1 shows that the “H-spiperone binding in the solu- 
bilised preparation from dog striatum revealed a very 
pronounced stereospecific effect; (+)butaclamol competed with 
the binding at a concentration 300 times lower than 
(—)butaclamol, the inactive enantiomer. The inhibitory effect of 





Table 1 Inhibition of * H-spiperone binding in solubilised and membrane preparations from dog and rat striatum 


anann an A n AAAA AAR NARAR a ann AA AAAA ORAR nar AAAA AAAA anamannan aAA AA R Aea a anay AAAA aama nan A aair aonaan Tr re ON EH A 


Dog striatum 


Soluble” Membrane 
A B 
Spiperone 31x107? 18x107? 
Benperidol 1.2x107°? 51x10? 
Lysuride 1.3x1078 6.0x107°? 
(+)Butaclamo! 20x107" 15x10? 
Haloperidol 37x10 1.61078 
Fluspirilene 4.0 x108 4.0x1078 
Flupenthixol 1.3107? 4.0x107% 
{+)2-(N, N-Dipropyl) amino- 

5 ,6-dihydroxytetralin 4.8x1077 1141x107? 
Chlorpromazine 54x107 4.2x10°8 
Fentanyl 1.4x107° 3.2x107° 
Sulpiride 1.6x107° 56x107 
Pipamperone 2.9x 107° i3x10°° 
Dexetimide 5.0x107° 26x10" 
Mianserin 5.3x107° 42x107 
(~)Butaclamol 5,5x107° 1.3xK107° 

R 5260 4.5x107° 2104 
Propranolol 7.6x10™* 7.1x1075 

Atropine 2.3x1074 >1074 
Diazepam 25x107 1.3x1074 


ICso (M) 
Rat striatum 
Soluble* Membrane? 

A/B C D CID 
2.8 5.0x107? 3x10” 3.8 
2.4 1.7x10°° 45x107? 3,778 
9 50x107? 

1.3 6.2x10°° 2.0x1078 310 
2.3 8.5x 1076 20x108 425 
1.0 Jaixo? 233x1078 31 
3.3 20x10 59x108 339 
4,4 1.3107? 
13 4.0x1078 
0.04 t.4x1074 101074 1.4 
2.9 8.71077 
2.2 1.3x107° 
0.19 1.71074 3.2«x107° 5.3 
0.13 27.0x10® 
0.42 3.4x107> 21x10°° 16 
8.9107? 2.0x107> 0.04 
L1 1.3x1074 >1074 
>107* 
1.9 >1074 | >1074 


hahahaa AAAA AAAA ANENE ARERR aiina aiai AAAA AAE AP ETE Pic cA PLP aaa AA A mPa pms epee AAAA AAAA mA a andaan aap aAA AA ST Tra A MEH iaaa 


Inhibition was measured at five different concentrations and expressed as the ICso value (the drug concentration causing 50% inhibition of the stereospecific 
“H-spiperone binding). The blank values were obtained using 2 x 10 °° M (+)butaclamol* except for the soluble preparation of rat striatum where the heat-inactivated 


preparation was used as blank”. 


*For spiperone, (+)butaclamol, haloperidol, flupenthixol, fentanyl and mianserin, the ICso values in solubilised dog striatum preparations are the mean values to two to 
five different experiments. This was also the case for the spiperone, benperidol, (+)butaclamol and (—)butaclamol ICsy values in solubilised preparations from rats. 


+Most of the values were taken from refs 4 and 6. 
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(+)butaclamol was not observed when a cerebellum extract or a 
thermally inactivated preparation from striatum and cerebellum 
was used. The stereospecificity of the solubilised binding sites is 
quite comparable to that found in the membrane preparations 
from rat*’’”? and dog striatum (Table 1). When compared with 
membrane fractions, the solubilised preparation from dog stria- 
tum was more rapidly inactivated by heat'*. Table 1 shows that 
various dopamine antagonists belonging to different chemical 
classes (butyrophenone, phenothiazine, diphenylbutylamine, 
thioxanthene, procainamide and benzoquinolizine) and 
dopamine agonists (tetraline derivative’ and lysuride'®) were 
nearly all of similar activity in soluble and membrane prep- 
arations from dog striatum (correlation coefficient r = 0.94), 
whereas anticholinergic, analgesic, a 6-blocking agent, a minor 
tranquilliser and serotonin antagonists were practically inactive. 
Of the neuroleptic drugs, only chlorpromazine was relatively 
less active in the solubilised preparation, presumably because of 
its high affinity for nonspecific binding sites'””*’. 

In contrast to this, the IC., values obtained using a solubilised 
preparation from rat striatum differed markedly from that 
obtained in membrane preparations. For example, benperidol 
displayed a 3,800-fold difference between the ICso values of 
soluble and membrane preparations in rat striatum and only a 
twofold difference in the dog. Note that the affinities of 
dopamine antagonists and agonists are quite similar in 
membrane preparations of dog and rat. Interestingly, R 5260 
(compound 25 of ref. 20), which is an analgesic (ICs of fentanyl 
binding 1.0x10°°M), was more active in inhibiting °H- 
spiperone binding in the rat striatum soluble preparation than 
potent neuroleptic drugs like haloperidol and benperidol. 
Therefore, the binding sites solubilised from rat striatum dis- 
played only a high affinity for spiperone or derivatives related to 
the spiro moiety (R 5260 and also compounds 2, 3, 4 of ref. 20). 
We assume that such binding sites correspond to the non- 
stereospecific displaceable sites detected in rat striatum using 
*H-spiperone as ligand”. 

As shown in Fig. 2, a good correlation between the spiperone 
binding in solubilised preparations and the antagonism of 
apomorphine-induced emesis was found for the dog striatum 
(r= 0.89) but not for the rat striatum. Spiperone was the only 
drug equiactive in solubilised preparations from both animals. 
Previous investigations clearly demonstrated that the halo- 
peridol and spiperone binding of neuroleptic drugs correlated 
well with their pharmacological activities in the apomorphine 
test in rat® and dog???” and their clinical potency”. 
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Fig. 2 Correlation between the ICso values of *H-spiperone binding in 
solubilised preparations from dog (@) and rat (©) and the antagonism of 
apomorphine-induced emesis in dog (see refs 22, 23). 
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Fig. 3 Distribution of stereospecific 3H -spiperone binding after centri- 
fugation of a digitonin extract from dog striatum. 1 ml of soluble extract was 
layered on 12 ml sucrose gradient (15-30 %) buffered with 10 mM sodium 
phosphate (pH 7.2) containing 0.03% digitonin and 0.01% NaN4. Centri- 
fugation was run at 2-3°C in SW 40 Ti rotor (Spinco) at 30,000 r.p.m, 
(111,700g, ray) for 16h. Marker enzymes: catalase (CTL), lactate dehy- 
drogenase (LDH) and malate dehydrogenase (MDH). 


Stereospecific *H-spiperone binding in soluble dog striatum 
preparations was found to be saturable (Kpapp at O°C= 
4.8 nM) and reversible (t,,2 dissociation at 5°C =49 min). A 
more detailed kinetic analysis will be presented elsewhere '*. To 
assess the macromolecular nature of these binding sites, the 
soluble extract from dog striatum was submitted to sedimen- 
tation centrifugation through a sucrose gradient and then 
compared with the sedimentation of marker enzymes. The peak 
of binding sites seemed to migrate more rapidly than malate 
dehydrogenase (4.38) and lactate dehydrogenase (7.08), but 
more closely resembled that of catalase (11.38). When 
compared with the sedimentation properties of muscarinic 
receptor’, the spiperone binding sites seemed to be more 
heterogenous and to have a higher molecular weight (> 
200,000). 

The present results provide evidence that a macromolecular 
complex, able to bind “H-spiperone stereospecifically, was 
solubilised from dog striatum. Most of the solubilisation criteria 
were fulfilled: not sedimentable at 262,000g (r,,) for 60 min, 
absence of lamellar membrane structure in electron micros- 
copy’, and low Svedberg coefficient compared with that of 
membranes. 

Four lines of evidence indicate that the spiperone binding 
solubilised by digitonin from dog striatum and characterised by 
gel-filtration or sedimentation gradient is of dopaminergic 
nature. First, it was localised in the striatum but not in the 
cerebellum, and preliminary results showed that the binding 
sites solubilised from frontal cortex displayed a higher affinity 
for serotonin antagonists and a lower affinity for dopamine 
antagonists (in preparation). Second, in contrast to findings in 
the rat striatum, various dopamine antagonists from different 
chemical classes, chosen to display a wide range of activity, were 
nearly equiactive in the soluble and membrane preparation from 
dog striatum. Serotonin antagonists like pipamperone and 
mianserin were very poor inhibitors of *H-spiperone binding to 





74 


soluble sites from striatum, whereas both drugs were very active 
in the frontal cortex®. Third, a tetraline derivative, known to be 
the most specific dopamine agonist’, and thus being inactive in 
the spiperone binding assay in the frontal cortex, inhibited the 
spiperone binding of the solubilised preparation of dog striatum 
at very low concentrations. Finally, the good correlation 
between the inhibitory effects of drugs in the soluble preparation 
and their antagonism of apomorphine-induced emesis is only 
possible if the relative high affinity of the dopamine receptors is 
maintained after the solubilisation process. 

Thus, the above results provide evidence that the spiperone 
binding sites solubilised by digitonin treatment from dog stria- 
tum retain the characteristics of dopamine receptors. 

We thank G. Aerts for technical assistance, J. Van Reempts 
and M. Borgers for electron microscopy examination, and D. 
Ashton for help in preparing the manuscript. Part of this work 
was supported by a grant from IWONL. 
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Melanotropin potentiating factor 
is the C-terminal 
tetrapeptide of human §-lipotropin 


WE recently demonstrated that the molar pigmentary potency 
of human 8-lipotropin (8-LPH) is greater than other melano- 
cyte-stimulating hormones (MSHs) on Anolis skin; it is 2.6-4.0 
times greater than a-MSH' using the Anolis rate method of 
MSH bioassay’. We also found (unpublished) human B-LPH to 
be 2 to 4 times more potent than a-MSH using the steady state 
(quantal) method. This was due to a potentiation of the MSH 
sequence of B-LPH (LPH47.53) by a factor associated with 
B-endorphin (LPH¢).9:). We showed that the melanotropin 
potentiating factor (MPF) was not the opiate peptide, Met- 
enkephalin (LPH.,.6s)*, and now report the identification of 
MPF as the sequence LPHgg_0}. 


0028-08 36/79 /0279—0074$01,00 


Nature Vol. 279 3 May 1979 





Table 1 Intrinsic molar potencies of LPH peptide fragments calculated 
relative to a-MSH 





LPH Structure Potency 

(a-MSH) (1.000) 

61-91 5.036 x 1074 (4.813 and 5.270 x 107) 
66-91 3.590 x 107* (3.406 and 3.785 x 107%) 
87-91 1.409 x 107* (1.377 and 1.442 x 107%) 
87(Bz1)-91 1.667 x 107* (1.574 and 1.765 x 107%) 
88-91 3.245 x 107° (3.067 and 3.434 x 107°) 
89-91 4.427 107° (4.101 and 4.780 x 1075) 
88-90 4,266 x 1075 (4.027 and 4.520 x 107} 
66-89 2.967 x 1074 (2.797 and 3.148 x 107%) 


2.548 x 1074 (2.432 and 2.670 x 107%} 
2.105 x 107* (1.992 and 2.225 x 107%) 
8.588 x 107° (8.269 and 8.920 x 107°) 
7.586 x 107° (7.205 and 8.199 x 1075) 
5.237 x 107° (4.921 and 5.573 x 107°) 


61-65, 70-89(p-Ala®’, Leu®) 
61-65, 76-89(D-Ala®’, Leu®*) 
61-65, 81-89(p-Ala®’, Leu) 
61-65, 85-89(p-Ala®’, Leu®*) 
61-65, 88-89(p-Ala®, Leu®*) 


61-76 2.245 x 107° (2.095 and 2.406 x 107°) 
61-76 (p-Ala®’, Leut’) 8.878 x 107° (8.375 and 9.412 x 1075) 
61-77 2.245 x 107° (2.095 and 2.406 x 1075} 
61~77 (p-Ala®’, Leu’) 6.140 x 107° (5.884 and 6.408 x 1075) 
61-65 6.890 x 1078 (6.764 and 7.017 x 107°) 





Dose~response curves were obtained to a-MSH and the 18 peptide 
sequences, using the Anolis rate method of MSH bioassay’. Using 
analysis of variance”, the slope of the dose-response curves of the LPH 
peptide fragments did not differ significantly from that of a-MSH 
(P >0.05). The 95% fiducial limits of the estimated potencies are given 
in parentheses. 


The Anolis rate method of MSH bioassay’ was used in these 
experiments. The peptides Tyr-Lys-Lys-Gly-Glu (human g- 
LPHes7-91), its (tyrosyl) O-benzyl derivative [87(Bzl)-91], Lys- 
Lys-Gly-Glu (89-91), Lys-Gly-Glu (88-91), and Lys-Lys-Gly 
(88-90) were prepared by classical solution methods and 
characterised by TLC, paper electrophoresis and amino acid 
analysis of acid and/or enzymatic digests. Other peptides used in 


a-MSH potency 
a > 
po 


bo 


§x107'! 107'9 $x 107'* 107? 
Dose of LPH fragment (M) 


1o7 5! 


Fig. 1 The dose-related potentiation of a-MSH potency by 8- 
endorphin. Dose-response curves were obtained from eight two- 
fold dilution series of a-MSH, seven of which had had added 
8-endorphin concentrations. The potencies of each a-MSH dose- 
response curve in the presence of B-endorphin concentration was 
calculated relative to that in the absence of added 8-endorphin. 
Thus each point on the graph represents the increase in a-MSH 
potency with a 8 -endorphin concentration. The 95% fiducial limits 
of the estimated potencies are represented as vertical bars. There 
was a Significant increase in a-MSH potency with concentrations of 
~~ 16% 107'?M B-endorphin or greater (P < 0.01). 
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Fig. 2 Potentiating activities of LPH fragments on a-MSH 
potency. Bioassays of a-MSH were performed with and without 
LPH peptide fragments in various concentrations. The dose- 
related potentiation of a-MSH potency by each LPH fragment was 
measured as described in Fig. 1 and calculated relative to that of 
B-endorphin (LPH, _91) using a two-factorial assay system. 


these experiments were prepared by N. N. Petter (ICI) by solid 
phase methods’. 

Dose-response curves were obtained for a-MSH and the 
synthetic LPH peptide fragments’ and their intrinsic molar 
potencies were calculated (Table 1). All showed negligible 
intrinsic MSH activity. Constant concentrations of the LPH 
peptide sequences were then incorporated into the twofold 
dilutions used to obtain the a-MSH dose-response and their 
relative potencies were calculated. B-Endorphin potentiated 
a-MSH potency with the dose-response curves remaining 
parallel. This potentiation was dose-related (Fig. 1) and the 
a-MSH potency was increased to a maximum of 4.5-fold. To 
determine the sequence responsible for this potentiation, the 
potentiation activity of each peptide sequence was compared 
with that of B-endorphin (Fig. 2). Unequivocally, the results 
show that the sequence responsible for the potentiation is 
LPH¢g-9:, Lys-Lys-Gly-Glu. Thus potentiating activity was 
abolished by the removal of the 88th or 91st amino acids from 
the tetrapeptide, while extension of the sequence to include 
tyrosine at position 87 did not increase potentiating activity 
further. The higher potentiating activity of LPH,,.., (8-endor- 
phin) and LPH¢6_0, than LPHgs.5, was probably due to increased 
stability of the longer peptides as there was negligible activity in 
the sequences between LPH,, and LPHgo. These findings cannot 
be attributed to characteristics of the rate assay as we have 
obtained similar results (unpublished) with a steady state (quan- 
tal’) method. We therefore conclude that the melanotropic 
potentiating factor (MPF) is human LPHss-1, Lys-Lys-Gly- 
Glu. Whether MPF acts by stimulation of an independent 
receptor or by causing conformational changes is uncertain. 
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As a 16x 107" M concentration of B-endorphin will poten- 
tiate MSH activity significantly (see legend to Fig. 1), the effect 
may be physiological Although we have tested MPF activity on 
the Anolis skin, the unexpectedly high sebotropic® and neuro- 
tropic’ potencies of 8-LPH in the rat suggest that MPF may also 
modulate MSH peptide actions in the mammal and we are 
presently investigating this possibility. 
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Inhibition of DNA synthesis in vitro by 
binding of benzo(a)pyrene 
metabolite diol-epoxide I to DNA 


Ir has been shown that benzo(a)pyrene (BP) is a strong 
mutagen and carcinogen after metabolic activation by 
mixed function oxidases and epoxide hydratase. Evidence 
now indicates that (+ )r-7,t-8-dihydroxy-t-9, 10-oxy-7,8,9,10- 
tetrahydrobenzo(a)pyrene (diol-epoxide I) is an ultimate 
carcinogenic and mutagenic form of BP’*. This metabolic 
intermediate interacts covalently with nucleic acids**. Most 
binding to DNA, 80% of the total, occurs by coupling between 
the 2-amino group of guanine and the carbon 10 position of 
diol-epoxide I (ref. 5). Binding to adenine, less than 15% of the 
total, leads to partial denaturation of the DNA double helix’, 
and binding of diol-epoxide I to the phosphate groups of DNA 
results in DNA strand scission®. Intercalation of diol-epoxide I 
may cause conformational change of the DNA double helix®’. 


Despite these extensive studies, the mechanism of alteration of 
the genetic function of DNA due to the binding of BP is not | 
understood. We describe here a system which has enabled us to — 
analyse the effect of BP binding to DNA on the replication of _ 
double-stranded circular DNA in vitro. pBR322 DNA (molecu- | 


lar weight, 2.6 x 10°) is an artificial plasmid DNA derived from 


ColE1 and pBR313 in Escherichia coli’. It carries the base : 
sequence derived from ColE1 DNA at the site of origin of | 
replication’. Like ColE1 DNA", pBR322 DNA replicates ` 


semiconservatively and completely in a crude lysate of E. coli. 
The binding of diol-epoxide I to pBR322 DNA was per- 


formed as described previously®. The number of diol-epoxide I < 
molecules covalently bound to DNA, the molar ratio (MR), was | 
determined using the radioactivity of ‘*C-diol-epoxide I > 





(29.4 mCi mmol, NCI), UV absorption (254 nm), fluores- ` 


cence and the molecular weight of pBR322 DNA. The covalent 
binding increased linearly as a function of increasing dose of 
diol-epoxide I concentration in the reaction mixture. High 
pressure liquid chromatography (Waters Bondapak C18 
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Fig. 1 Assay of the incorporation of “*P-TMP into pBR322 
DNA''*| E, coli YS1 cells were grown in 600 ml OC medium 
enriched by 0.4% Bacto-Peptone (Difco) and 0.1% yeast extract 
(Difco). When the number of cells reached 210° per ml, 
chloramphenicol was added (180 pg ml~*). The culture was then 
incubated for 2 h. The cells were washed with 50 mM potassium 
phosphate buffer (pH 7.4), suspended in 0.6 ml of 15% sucrose~ 
75 mM potassium phosphate buffer (pH 7.4) and frozen in a dry 
ice~isopropanol bath. The crude cell extract was prepared by 
thawing cells in an ice-water bath, and the volume adjusted to 
1.5 ml with 10% sucrose-50 mM phosphate buffer (pH 7.4). To 
the cell suspension 60 ul 2 M KCl, 150 pl lysozyme (4 mg ml’) 
and 40 ul 5% Brij 58 were added at 0 °C and mixed with a vortex 
mixer. After 30min at 0°C, the mixture was centrifuged at 
30,000 r.p.m. for 30 min in a Beckman SW 50.1 rotor, The stan- 
dard assay mixtures (200 pl) were 25 mM potassium phosphate 
buffer, 67 mM KCI, 7.5 mM MgCh, 0.2 mM each of rNTPs, 25 uM 
each of dNTPs, 2 mM spermidine, and contained 2 ug pBR322 
DNA, **P-TTP (0.2 wCi) and 40% cell extract. The assay was 
performed at 30 °C. 30 wl aliquots were taken at the times shown, 
precipitated with 10% trichloroacetic acid~0.1 M pyrophosphate, 
collected on filters (Whatman GF/C, 25 mm) and washed with 
0.1 M HCI followed by ethanol. The open symbols indicate the 
standard assay mixture. Closed symbols indicate that rifampicin 
was added to the assay mixture. Control pBR322 DNA (MR = 
0, O@); pBR322 DNA-bound diol-epoxide I (MR = 1.4, AA); 
pBR322 DNA-bound diol-epoxide I (MR = 5.8, DI). 


column, H,O to 100% methanol gradient) of late elutant (~ 
570 ml) from Sephadex LH-20 column chromatography of 
enzymatically hydrolysed DNA ‘supported our calculation of the 
MR (data not shown). 

Incubation of unmodified pBR322 DNA (control) in an 
extract from Æ. coli cells resulted in the incorporation of **P- 
TMP into the acid-precipitable fraction (Fig. 1). The incorpora- 
tion increased linearly for at least 90 min. This incorporation 
was inhibited completely by the addition of rifampicin 
(25 ug ml‘) at zero time. Rifampicin inhibits RNA-primed 
initiation of DNA synthesis but does not affect the elongation of 
the deoxypolynucleotide chain'’. When DNA covalently bound 
to diol-epoxide I (MR = 1.4) was used, the incorporation of 
*°P.TMP was reduced about 30% (Fig. 1). From MR=0 to 
MR = 5.9 the rate of reduction was linear with the number of 
diol-epoxide I molecules bound to one pBR322 DNA molecule. 
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When MR = 5.9 the initial incorporation (up to 20 min) was 
normal, but the total °*p-TMP incorporation after 100 min was 
almost completely inhibited. 

To study the mechanisms whereby DNA synthesis is inhibited 
by the binding of diol-epoxide I, we analysed the newly 
synthesised daughter strand DNA by sucrose density gradient 
centrifugation. The closed circular DNA synthesised in vitro 
appeared as a single peak with a skewed portion towards higher 
molecular weight in a neutral sucrose density gradient. 
Evidently the skewed portion represents closed circular DNA 
associated with newly synthesised DNA fragments. The amount 
of the closed circular DNA synthesised from DNA bound to 
diol-epoxide I (MR = 1.4) was about 30% less than that of the 
control (data not shown). 
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Fig. 2 Analysis of newly synthesised DNA products in alkaline 
sucrose density gradient. Assays were performed as described in 
the legend to Fig. 1. Samples were taken at 30 min (a-c) and 
60 min (d~f). The reaction was stopped by the addition of one-fifth 
volume of 0.1M EDTA (pH 8.0)-1% SDS. After addition of 
one-fifteenth of the original volume of 1.5 M NaCl-0.15 M sodium 
citrate, samples were treated twice with a chloroform—iso- 
amylalcohol mixture (24:1, v/v). After the centrifugation 
(5,000 r.p.m., 30 min at 4°C), the aqueous phase was dialysed 
against 50 mM Tris-HCI (pH 8.0)-50 mM EDTA-0.5 M NaCl. A 
0.1 mi aliquot of each dialysed sample was treated with 0.24 M 
= NaOH and applied to an alkaline sucrose density gradient (5— 
20%)'*. a, d, Control, MR = 0; b, e, MR of diol-epoxide I is 1.4; c, 
f. MR of diol-epoxide I is 5.8. 


- Figure 2 shows the alkaline sucrose density gradient profile of 


the product DNA. In normal conditions (MR = 0), the newly 


synthesised closed circular DNA banded near the bottom of the 
gradient (fractions 6-8). Unit sized single linear and single 
circular molecules banded at fractions 30 (15S). A peak which 
appeared at the top of the gradient (fractions 42-47) represents 
the 6S initiation fragments dissociated from the origin of 
pBR322 DNA replication". The size classes of DNA 
synthesised during the first 30 min of incubation are identical 
and unrelated to the number of diol-epoxide I molecules bound 
to template DNA as observed. The only exception is that more 
6S fragments accumulated in unmodified pBR322 DNA than in 
modified DNA, indicating that the formation of initial 6S frag- 
ments was slightly inhibited by diol-epoxide I binding. 
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After 60 min of incubation, about four times more closed 
circular molecules had been synthesised from unmodified DNA 
than after 30 min (Fig. 2a, d). When diol-epoxide I was bound to 
DNA at MR = 1.4, the closed circular DNA synthesised was 
only doubled after an additional 30 min incubation (Fig. 2b, e). 
When MR=5.8, the amount of closed circular DNA did not 
increase after an additional 30 min incubation (Fig. 2c, f). The 
number of unit-sized single-stranded linear or circular mole- 
cules (15S) markedly increased when intact DNA was subjected 
to replication as shown in Fig. 2a, d. This class of DNA also 
increased as much as that in the control experiment from 
30-60 min when the DNA was bound to 1.4 molecules of 
diol-epoxide I (Fig. 2b, e). However, the peak at fractions 26-32 
(158) in Fig. 2e is markedly skewed towards the top of the 
gradient. Moreover, when the molar ratio was 5.8, there was no 
distinctive peak observed in the region of fractions 26-33 (Fig. 
2f). In contrast to other classes of DNA, the relative proportion 
of 6S molecules synthesised did not change significantly in either 
control or modified DNA during an additional 30 min incuba- 
tion. These results indicate that many intermediate sized newly 
synthesised DNA fragments with length less than the unit size of 
pBR322 DNA were accumulated when diol-epoxide I modified 
DNA was subjected to replication. The effect of covalently- 
bound diol-epoxide I is therefore to inhibit chain elongation 
with little effect on the initiation of DNA replication. 

Note that pBR322 DNA, which carries the same base 
sequence as ColE1 DNA at the initiation site, consists of a high 
proportion of adenine and thymine residues'’, which have 
significantly less chemical reactivity with diol-epoxide I than 
guanine residues™”. Based on these findings and other studies, it 
may be reasonable to assume that the initiation site of DNA 
replication is free from the binding of diol-epoxide I and is 
therefore capable of generating a normal initiation of DNA 
synthesis when the molar ratio is small. The elongation of the 
deoxypolynucleotide chain was effectively blocked at the bind- 
ing site of the template molecule. Hsu er al. have reported 
similar results regarding the inhibition of converting single- 
stranded ®X174 DNA to double-stranded circular DNA”. 

Another question is whether the binding of diol-epoxide I 
completely blocks the elongation of the nascent DNA chain or 
whether the binding site can be excised and repaired, allowing 
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Fig. 3 Analysis of heat-treated ColE1 DNA modified with diol- 
epoxide I in an alkaline sucrose density gradient centrifugation. 
Tritium-labelled ColEl DNA was prepared after amplification 
with chloramphenicol as described previously". The purified 
ColE1 DNA was modified with diol-epoxide I as described in the 
text. Unmodified ColE1 DNA (a) and modified ColEL DNA 
(MR = 1.4) {b} were treated at 90°C for 5-min in 5 mM Tris-HCl 
(pH8.0)-5 mM EDTA-50 mM NaCl, and then the pH was 
adjusted to pH 12 with 4 M NaOH. Samples were analysed by the 
5-20% alkaline sucrose density gradient as shown in the legend to 
Fig. 2. 
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Fig.4 Newly synthesised pBR322 DNA with (a) and without ($) 
diol-epoxide I (MR = 0 and 1.4 respectively) was analysed in an 
alkaline sucrose density gradient before and after heat-treament. 
pBR322 DNA was subjected to the in vitro assay system for 60 min 
as described in the legend to Fig. 1. The product was analysed in the 
alkaline sucrose density gradient centrifugation with (dashed line) 
and without (solid line) heat-treatment as shown in the legend to 
Fig. 3. 


the completion of replication. To investigate this, a method was 
devised to detect a small number of binding sites on closed 
circular DNA. About 50% of the closed circular DNA (MR = 0) 
was converted to single-stranded circular and linear forms in an 
alkaline sucrose density gradient after heat treatment of the 
DNA at 90°C for 5 min (Fig. 3a). The conversion of 50% is a 
result of alkaline hydrolysis of the RNA segment which is 
presented in chloramphenicol-amplified ColE1 DNA‘. The 
rate of conversion was clearly increased when diol-epoxide I was 
bound to ColE1 DNA (MR = 1.4), heated and analysed in an 
alkaline sucrose density gradient (Fig. 36), indicating that the 
binding site itself is heat-alkali-labile. This provides a sensitive 
assay method for the detection of bound diol-epoxide [on DNA 
strands. When the method was applied to the DNA which had 
completed a round of replication (for method see legend to Fig. 
2), the rate of conversion from closed circular to the other forms 
was no different for the control and modified (MR = 1.4) DNA 
(Fig. 4). 

These results suggest that the parent strands no longer possess 
diol-epoxide binding sites which were present before replication 
and also rule out the possibility of the binding sites in the 
template being bypassed during replication. Excision of diol- 
epoxide-damaged DNA from the parental strand would best 
explain the reduction in the rate of DNA elongation described 
earlier, 
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Suppression of a yeast 
amber mutation in Escherichia coli . 


THE anoeie of Escherichia coli auxotrophs by cloned 
eukaryotic genes™ makes it possible to use standard bacterial 
genetic techniques to study these eukaryotic genes. Here, we 
describe the cloning of a Saccharomyces cerevisiae (yeast) gene 
with an.amber suppressible allele. ‘Reversion and suppression 
properties of this allele are examined in growing E. coli cells. 

The yeast his3 gene coding for imidazoleglycerolphosphate 
(IGP) dehydratase was`cloned as a hybrid of bacteriophage A 
which complemented hisB auxotrophs of E. coli lacking the 
analogous activity’. The wild type yeast his3 gene is transcribed 
and translated in E. coli with high fidelity to produce’ an enzyme 
activity strongly resembling the activity found in yeast cells’. 
Complementation analysis of many derivatives containing his3 
sequences indicates that the his3 structural gene is localised to a 
region of approximately 700 base pairs’. The length and loca- 
tion of this E. coli complementation unit is similar to the region 
homologous to the 650 base poly(A)-containing RNA species 
found in yeast cells (K. S., unpublished)... 

Genetic analysis in E. coli of the yeast his3 gene depend on 
the availability of cloned derivatives which are nonfunctional. 
Mutant his3. genes which are nonfunctional in his3~ yeast,cells 
are also. nonfunctional when cloned and propagated in E. coli; 
that is, they do not complement E. coli hisB auxotrophs*. The 
order of two such his3 lesions has been established by a three- 
factor cross of: the bacteriophage A „hybrids containing the 
cloned mutant genes’. Non-complementing -deletions of the 
yeast his3 gene spontaneously generated during lytic growth of a 
bacteriophage Ahis3. hybrid have been isolated” by the method 
of Parkinson and Huskey®. The physical locations of the yeast 
lesions have been: determined by deletion mapping in E. coli°. 
Deletion mutants which require transcriptional initiation from 
the A promoter P, for his3 expression have been used to define a 
yeast DNA sequence which functions in E. coli as a promoter’. 
Derivatives of a.Ahis3 hybrid which overproduces IGP dehy- 
dratase activity in FE. coli have also been eee A Brennan 
and K. S., unpublished results). . 

The demonstration that cloned yeast. genes can be rein- 
troduced into yeast cells by transformation and expressed? 
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makes it possible to fuse the genetic systems of E. coli and 
S. cerevisiae. Recent findings indicate that DNA transformation 
of yeast can occur by at least three mechanisms (ref. 9 and J. B. 
Hick, A. Hinnen and G. R. F., unpublished results). Depending 
on the particular mechanism, transforming DNA can integrate 
into the yeast chromosomes by homologous recombination. 
and/or replicate autonomously. ‘Introduction of physically and 
genetically defined cloned his3 derivatives into yeast cells 
should be an important tool in elucidating mechanisms of yeast 
regulation, DNA replication and recombination. 

To aid such studies it would be useful to clone a conditionally 
lethal yeast mutation. Strain constructions would be significantly 


‘facilitated and interpretation of experimental results would be 


strengthened by the conditional nature of the lesion. To isolate a 
conditionally lethal lesion, 112 independently derived his3 
mutants of yeast?’ were screened for amber. suppressibility. by 


= scoring for ‘histidine prototrophy following mating with Ais3- 


532 SUP4-2. Three mutants (his3-14,- his3-19 and his3-XS- 
21B) presumably containing internal UAG codons suppressible 
by tyrosine-inserting tRNAs" were isolated. DNA from strain 
his3-X5-21B was cloned in Agt4 (ref. 12) by the EcoRI-DNA 
ligase method’. From.this pool of Agt4 hybrids, a phage contain- 
ing his3 sequences was isolated by the plaque filter hybridisation 
method of Benton and Davis*?: The 10.1 kb: (kilobase: pair) 
EcoRI fragment in this' phage, $c2693, is physically indis- 
tinguishable from the analogous fragment (Sc2601). which 
complements E..coli hisB mutations. Agt4-Sc2693 does not 
complement hisB463; therefore, the phage contains a cloned 
yeast his3 gene with an amber lesion. The his3 gene is located 
internally within a 1.7 kb BamH] fragment of Sc2601 DNAS. 


The equivalent BamH1 DNA fragments of A hybrids containing 


his3 mutant genes were cloned in the. yeast vectors YIp5 and 
YRp7 (ref. 9). The sources of these cloned mutant genes were 
Agt1-Sc2612 (his3-38), Agt6-Sc2679 (his3-532) 2), and 
Agt4- Sc2693 (his3-X5-21B). 

‘All mutant his3 genes cloned in these yeast vectors were 
introduced into the E. coli strain hisB463 by: ‘selection for the 
plasmid-coded gene for ampicillin resistance. The spontaneous 
reversion rates in E. coli of these yeast lesions weré measured 
and compared to the spontaneous reversion rates in yeast (Table 
1). The comparison is complicated by the fact that in these 


_ E. coli cells, the his3 genes are presumably present in about 20 


copies, and that the expression is only about four times above 
the single copy level’. The reversion rates are measured as His* 
colonies obtained per cell. It is unclear how these numbers are 
related to number of reversion events per DNA molecule. 
Multiple copies of his3-38 in hisB463 cells allow some growth in 


the absence of histidine. The reversion rate of this lesion in 


E. coli as determined from plasmid hybrids (2 x 107°) agrees 
well with the previous results obtained with phage hybrids’. The 
reversion rate of this lesion in yeast is significantly lower 
(<10~°).: his3-532 is a very stable lesion in both organisms, 
though revertants are detected in E. coli but not in yeast 
his3-X5-21B reverts in E. coli at a significantly lower rate than 
it reverts in yeast. These results indicate that spontaneous 
reversion of a given yeast lesion occurs at different rates in yeast 
and in E. coli. 


Table 1 Suppression and reversion characteristics of yeast his3 lesions 


. his* colonies - 


his3 lesion à Hybrid Ba Plasmid hybrid , hisB(supF yo. hisB Yeast 
| ©” YIp5-Sc2719 2x108 3x10°8 - = 

his3-38 -  Agtl-Sc2612 i À l <107 

: eo 4 YRp7-Sc2719 1x10°° 1x107° 

_ his3-532. Agt6-Sc2679 YIp5-Sc2720 2x107! 1x107? <107'° 
j i “YIp5-Sc2721 a 3x10 | 2: 
his3-X5-21B Agt4-Sc2693 —_ | ee ee - 2611077 ` 

YRp7-Sc2721 1 1x107? i 
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AS his3-X5-21B is suppressed in yeast by a tyrosine-inserting : 


tRNA, suppression in E.coli was examined with an analogous 
tRNA species (supF). hisB 463 cells containing the cloned yeast 
his3 lesions were lysogenised by a phage (#80 supF).containing 
the E..coli. gene coding for a tRNA species capable of suppress- 
ing amber (UAG) codons”™. Introduction of the supF allele into 


these hisB463 derivatives was determined ‘by their ability to | 


plate AcI857Sam7. hisB 463 cells containing both the his3-X5- 
21B and the supF alleles grow.in the absence of histidine (Table 
1); that.is, the his3 lesion is suppressed by supF. This result is not 
due to'an artefact of selection, as both the Ais3-X5-21B and the 
supF alleles: were introduced into the hisB463-host by non- 


selective means..Furthermore; it confirms, the amber suppres- . 


sibility of the his3-X5-21B allele. It is now possible to introduce 
DNA: containing this ponaioneny lethal yeast gene back into 
yeast and E. coli. s 

These’ results indicate that an E. coli amber-suppressing 
tRNA species suppresses a yeast amber lesion in growing E. coli 
cells. It has been previously established that purified yeast 
suppressor tRNAs, when present in heterologous, eukaryotic, in 
vitro translation systems, suppress- prokaryotic: (QB) amber 
mutations’**®. Taken together, these in vivo and in vitro 
experiments: provide evidence. that translational termination 
and tRNA suppression of nonsense codons are processes which 
are conserved between prokaryotic and eukaryotic organisms. 
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Genotype control of the 
dystrophia muscularis gene in mice 


MUTANTS of the- -dystrophia muscularis gene (dy) in mouse 


suffer from Progressive skeletal muscle loss, together with . 


inadequate repair or regeneration®. In 1974 I reported a dis- 
tinctive phenotypic difference between two dystrophic mutant 
alleles with respect to myogenesis in vitro’. Homozygous dy” 

mice. gave cultures in-which there was apparently normal myo- 
genesis, whereas mice homozygous for dy gave cultures which 
contained large numbers of grouped uninucleate myoblasts 
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Fig.. 1 aned: living. re sslciseeipned with phase - 
.. contrast-optics.:The structures are typical:and the illustrations 
representative of the. experimental results, a, C57 +/+, normal: , 
multinucleate myotube; b, C57dy? /dy”, large syncitial myotube; 7 
pe C57dy/ dy, a definite multinucleate myotube; d, 129dy/dy,, 
` characteristic pseudostraps with discrete uninucleate cells. All 
, Photographs were taken at 4 d in vitro in identical conditions. 
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: MacPike, however, showed’ that muscular dystrophies caused 


by these two alleles carried: in the same genetic background - 
(C57BL/6J) were similar-when assessed histologically. I have,’ 
therefore, investigated how the process of myogenesis.:in vitro 
(which can be considered to be another independent function of 
the muscle) is affected not only by-the two allelic mutants but 
also by the genetic background. The dy.dystrophy.was:known:to 
be histologically similar in either the C57BL/6J or 129/ReJ 
background? but' surprisingly C57BL/6J dy/dy cultures gave 
normal myogenesis while 129/ ReJ dy/ dy- cultures , again 
produced pseudostraps. ee ee ee ere 
The mice.used in this series of apane were.C57BL/6J 
CS57BL/6J. dy/dy,- C57BL/J6.+/+ and 129/ReJ. 
dy/dy at 2, 3,4 and 5 months of age. Cultures’ were obtained 
from ,4 day crush lesions as described previously’. - Daily 
examination for a period of 8 days was carried. out -blind; 48 
cultures of each genotype were: ‘assessed. As before, the pattern 
of growth during the first 3 days was one of. proliferation and 
explant spreading. Myotubes, increasing -in size and number, 


- developed ‘by days.4. to 8 in all three C57BL/6J genotypes 


including the dy mutant (Fig. 1a; b,c). The-129/ReJ: dy/dy 
showed without exception the characteristic pseudostraps (Fig. 
1d) and the occasional small myotybe during. the first 3, days: 

In vitro the 129/ReJ dy muscle attempts to form :myotubes 
but does not succeed’. However, the same muscle in a more 
complex organotypic culture of fetal spinal.cord and muscle 


_exhibits some regeneration‘ although it is much less than normal 


muscle in the same conditions. Furthermore, the dy muscle cells 
cultured as a low density: monolayer? produce ‘apparently 
normal myogenic’colonies which contain well. ‘differentiated 
muscle fibres. Clearly, myogenesis from dystrophic muscle is 
extremely susceptible to environmental conditions. But it is also 
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clear from the experiments reported here that there isa positive 
indication of a genotypic control over dystrophic myogenesis. 

_ The consequence of these findings of the interaction between 
the gene at the dy locus and any other genes of a particular 
background is clearly important with regard to the inter- 
pretation of experiments, past and future. 

I thank Professor F. L. Mastaglia and Dr A. Montgomery for 
discussions. This work was supported by the Muscular Dystro- 
phy Group of Great Britain, | 
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Sensitivity of low molecular 
weight RNA synthesis to UV radiation 


RNA SPECIES C and D (nomenclature of Weinberg and Pen- 
man') are among the most abundant of the long- lived’, 
homodisperse, low molecular weight nuclear RNAs’, and are 
present in all vertebrates tested‘, but their function is unknown. 
They have several interesting characteristics: they seem to be 
transcribed from multiple-copy genes (107-10° genes per 
genome)*®, to pass through the cytoplasm for a few minutes 
shortly after their transcription®’~*”, to have 5'-end caps that are 
very similar to those of eukaryotic mRNAs'''*, and to be 
present in heterogeneous nuclear RNA-protein particles’**. 
Here, we show that C and D RNA syntheses are unexpectedly 
sensitive to UV radiation in HeLa cells. The effect of UV 
radiation on RNA synthesis has been used to study the organis- 
ation of transcription units’. UV irradiation, causing random 
formation of pyrimidine dimers in DNA, results in premature 
termination of transcription. The probability of causing a UV 
lesion within a transcription unit is directly proportional to its 
length, making it possible to measure the distance between a 
gene and its promoter. The present UV sensitivity data are 
compatible with the transcription units for the low molecular 
weight (less than 200-nucleotide long’’’':'*) RNA species C and 
D being as long as 5 kilobases. 

In this study, RNA was extracted from whole cells and 
analysed by polyacrylamide gel electrophoresis. Figure 1 shows 
an example of the routine assay used. Recovery variations were 
corrected by the “C-labelled RNA bands, as the cells had been 
incubated with C-uridine for 1 d before the experiment. The 
briefly labelled RNA migrating between 5S and 4S RNA seems 
to be mainly 4S RNA precursors’®'’, and so it was included in 
the estimations of newly made 4S RNA. If any RNA fragments 
were generated by UV effects on large transcription units'*, they 
might have raised the radioactivity background in the gel elec- 
trophoresis pattern. This would not have affected our estimates, 
because only the counts of a given peak above this background 
were computed. These results would not have been affected by 
any possible effect of UV radiation on the cytoplasmic—nuclear 
maturation of C and D RNA, as whole cell RNA was assayed. 

Figure 2a shows the sensitivity of the synthesis of 45S rRNA 
to UV radiation. It is assumed that brief labelling of RNA 
(20 min with *H-uridine) approximates RNA synthesis, as pre- 
cursor pools do not seem to be affected by UV radiation’*. The 
UV dose that resulted in a 37% level of residual synthesis | (D37) 
was near 8 s when the incident dose rate was 34 erg mm” s~’. 
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The resulting product is almost identical to the D3, incident dose 
of 270ergmm™ reported for mouse L cell 45S rRNA 
synthesis’*. Figure 26 and c shows that the synthesis of C and D 
RNA was inhibited, whereas the synthesis of 4S and 5S RNA 
was essentially unaffected at this dose range of UV radiation, as 
had been shown by Goldberg et al”. In addition, the inactiva- 
tion curve for both C and D RNA synthesis deviated from 
exponential kinetics (Fig. 2b, c). The D, value for both C and D 
RNA synthesis, calculated by first order approximation of the 
initial slope (broken straight lines in Fig. 2b, c), was nearly 30 s. 
At an incident dose rate of 34 erg mm `°? s™*, the D3, incident 
dose for C and D RNA synthesis is then boul 1 x 10° erg mm” , 
The D3, incident dose for 18S rRNA synthesis is 880 erg mm? 
(ref. 19), whereas the distal end of the 18S rRNA gene is located 
about 5 kilobases from its promoter, as determined by electron 
microscopic?’ and UV transcription mapping’? 

Two models could account for our results. Based on the D,- 
value, the C (or D) RNA sequences would be derived from 
4~5-kilobase-long transcription units, and according to the 
deviation from exponential kinetics, several C (or D) RNA 
genes would be tandemly arranged behind a common 
promoter”. It can then be estimated that at least seven gene 
copies would exist per transcription unit’?. Alternatively, the 
present data are compatible with the synthesis of a population of 
original transcripts which are heterogeneous in size, vary in 
length between approximately 0.5 and 5 kilobases, and which 
have aC (or D) RNA sequence at or near the 3’-terminus of each 
polynucleotide. Either model is unexpected because the known 
precursors to C and D RNA are about 0.2 kilobases long”. The 
precursors of C and D RNA, which are only slightly larger than 
the mature species, can be detected after at least 4 min of 
labelling’. It therefore follows that the proposed large original 
transcripts would be cleaved shortly after or during transciption. 

There is no detectable repair of the lesions responsible for 
premature termination of transcription of rRNA!%, histone”? 
and adenovirus type 2 (ref. 24) genes, for at least 60-90 min 
after UV irradiation of mammalian cells. Therefore, it seems 
unlikely that repair of UV damage would significantly affect our 
results in the 30 min after UV irradiation in the present experi- 
ments. In any case, the unusual feature of the present data is the 
high sensitivity to UV radiation of C and D RNA synthesis, and 
fast repair would have only masked some of this sensitivity. It 
could be argued that the proposed interpretations of the data 
might be erroneous because UV radiation may affect tran- 
scription by various eukaryotic RNA polymerases differently. It 
has already been shown that UV transcription mapping works 
well with transcription by RNA polymerases class I and H (refs 
19, 20, 25, 26), and one of these two types of polymerase is 
suspected to be involved in the synthesis of C and D RNA?’”*. It 
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Fig. 1 Polyacrylamide gel electrophoresis patterns of large (a) and 
small (b) RNAs from whole cells. HeLa S3 cells were labelled for 
1 d with '*C-uridine’, and then exposed to UV irradiation’, placed 
at 15cm from a GE G2578 lamp (incident dose rate of 
34 erg mm -2 <1) The cells were then spun down, and resuspen- 
ded at 2 x 10° cells ml”' in medium and serum; after 10 min at 
37°C, [7H-Sluridine (20 pCi ml” ', 26 Ci mmol” ') was added, and 
the cells were finally collected after labelling for 20 min at 37°C. 
RNA was extracted from whole cells with phenol and SDS at 55 °C, 
and analysed by 2.4% (a) and 10% (b) polyacrylamide gel elec- 
trophoresis as described elsewhere’. W, H (contracted scale); 
@, `H (expanded scale); Oo: 
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Fig. 2. Effect of UV radiation on labelling of several RNAs in HeLa 

cells. a, 45S rRNA; b, C RNA (@), 4S RNA (O) and 5S RNA (©); 

c, D RNA. The broken lines represent pseudo-first-order 

approximations to the experimental data. All conditions were as 
indicated in the legend to Fig. 1. 


seems unlikely that C and D RNA could be synthesised by RNA 
polymerase class HI, because in the presence of a-amanitin, 
when 5S and 4S RNA synthesis is essentially unaffected, the 
synthesis of C and D RNA is markedly inhibited 
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preparation of the manuscript, and C. M. Reisch, $. I. Hsu and 
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Azotobacter cytochrome bs575 
is a bacterioferritin 


FERRITIN is the presumed iron storage protein of mammalian’, 
plant? and certain fungal’ systems. The nitrogen-fixing bac- 
terium Azotobacter vinelandii, produces a b-type cytochrome 
containing large amounts of non-haem iron and no labile 
sulphide, as first shown by Bulen er al.*. Here we present 
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evidence which reveals this protein to be a ferritin-like species, 
thus constituting the first authenticated occurrence of ferritin in 
a bacterium. The interesting redox properties of this molecule, 
bacterioferritin-cytochrome, are presented and discussed, 

The cytochrome bss7s was prepared by the method of Bulen 
et al.* from N2-fixing A. vinelandii cells collected after they had 
entered the stationary phase. The purification method for this 
acidic protein involves heat treatment, protamine sulphate pre- 
cipitation, dissolution by cellulose phosphate treatment and 
repeated crystallisation by the addition of Mg’*. The prep- 
aration is homogeneous on polyacrylamide gel electrophoresis, 
and SDS gel electrophoresis reveals a single subunit. The Fe 
content of 2.8-3.5 umol Fe per mg protein requires about 100 
iron atoms per haem molecule in the preparation. As the iron 
constitutes 13-20% of the weight of the protein, we investigated 
the possible relationship of this protein to ferritin. 
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Fig. 1 a, Small portion of a transmission electron micrograph of a 
crystalline sample of bacterioferritin-cytochrome of A. vinelandii. 
Sample preparation involved fixation with glutaraldehyde, dehy-. . 
dration with ethanol and embedment in Spurr’s low viscosity 
embedding medium. No stain was used. b, Schematic idealisation 
of the dense inner region and ‘transparent’ outer shell of the 
bacterioferritin-cytochrome as revealed in the electron micro- 
scope. The regions are assigned, respectively, to the Fe core and 
protein shell. 


Table 1 compares various analytical properties of this mole- 
cule with those of horse spleen ferritin’ *. SDS gel electro- 
phoresis reveals a single subunit of molecular weight (MW) 
17,000, slightly smaller than that of mammalian ferritin“. 
Amino acid analysis shows the expected dominance of acidic 
amino acids and yields a nearest integer MW of 17,185. 
Although the similarity to ferritin is already apparent, the most 
striking indication of the ferritin nature of the protein comes 
from electron microscopy of the unstained crystalline prep- 
aration. The portion of an electron micrograph shown in Fig. 1 
reveals the presence of electron-dense cores of ~55 A diameter 
within approximately spherical electron transmitting shells of 
diameter ~105 A. The outer shells are presumed to be of 
protein, and the inner core must contain an iron compound (see 
below). These dimensions are virtually identical to those found 
by electron microscopy for mammalian ferritin’. Similarly, the 
apparent variable occupancy of the inner cores parallels that 
found in ferritin”. 

Crystalline samples of the molecule have been studied by 
Mossbauer spectroscopy of °’Fe at natural abundance by Lang 
and Spartalian (in preparation), and reveal a quadrupole-split 
doublet characteristic of Fe** at 77 K. As the temperature is 
lowered to 1.5 K, a six-line magnetically split multiplet appears. 
The limiting high and low temperature spectra are virtually 
identical to those found previously'°'? for horse ferritin. 
Magnetic susceptibility of the Azotobacter protein at 34 °C by 
the Evans NMR method’? gives a magnetic moment, eq = 3.7 
Bohr magnetons per Fe atom. The same experiment for horse 
spleen ferritin (Sigma) also yields 3.7 BM per Fe atom, in 
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agreement with previous work’*:'*. The Méssbauer and suscep- 
tibility experiments together establish the weakly coupled high- 
spin ferric nature of the bulk iron. 

The combined information from the mode of preparation and 
crystallisation, the high Fe content, the electron microscopy, the 
amino acid composition, the subunit MW, the Méssbauer spec- 
tra and magnetic susceptibility, lead us to conclude that this 
protein represents the first example of a bacterioferritin. 

It was the presence of haem that led to the original purification 
of the protein*. The electronic spectrum of the oxidised form has 
a Soret band at 417 nm as the only distinct peak in the visible 
region*. On reduction with $,0;7/methyl viologen, we find a 
clean reduced cytochrome spectrum with a, 8 and Soret bands 
at 557.5, 527 and 425 nm, respectively. 

To show the intimate association of haem with this bacterio- 
ferritin, we note first that extensive dialysis and repeated recrys- 
tallisation can be accomplished without change in composition. 
Further, polyacrylamide gel electrophoresis, isoelectric focusing 
and gel-filtration chromatography each reveal a homogeneous 
preparation and establish the inseparability of haem and non- 
haem iron components of the protein. Although the haem has 
been identified as protoporphyrin IX (ref. 4), quantitative 
determination by the pyridine haemochromogen method is 
precluded by variable absorption (or occlusion) of haem by the 
precipitated non-haem iron cores. Haem was therefore deter- 
mined by treatment with formic acid, which unfolds the protein, 
solubilises the non-haem iron and presumably stabilises the 
ferrihaem as the formic acid complex. With protein determined 
by the Lowry procedure’® and haem absorption in formic acid 
standardised with haemin chloride or haemoglobin, we initially 
find an average of 37,000 daltons per haem. We note that one 
haem for two subunits requires 34,000 daltons per haem. In 
addition to the apparent inseparability of the haem and non- 
haem iron and the roughly constant haem/protein ratio, the 
redox properties of the protein show an intimate relationship of 
haem and non-haem iron. 

Coulometric titrations” (Fig. 2) reveal a reversible Nernst 
plot (for n = 1) with a potential of -416 mV at pH 7 using 
methyl viologen as the mediator. Coulometry shows that for 
most samples one electron is taken up for each iron atom present 
in the molecule. Spectroscopy reveals that both the haem and 
the large excess of non-haem iron are reduced in this process. 
Potentiometric titration of the protein, carried out by monitor- 
ing the appearance of the a band of the reduced haem, reveals 
that the haem undergoes reduction at a potential only 30 mV 
more negative than that of the bulk iron. Thus, both the haem 
and non-haem iron are reducible at similar extremely low redox 
potentials. These potentials are significantly more negative than 
those required to reduce horse spleen ferritin. 

We have preliminarily explored the fate of the reduced Azo- 
tobacter protein. Our initial experiments show that the coulo- 
metrically fully reduced protein can be passed through an 
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Fig. 2 Coulometric titration of bacterioferritin-cytochrome of A. 

vinelandii at 25 °C and pH 7 versus the normal hydrogen electrode 

using methyl viologen as mediator by the method described in ref. 

12. The points are experimental values and the curve is calculated 
from the Nernst equation for n = 1, E' = —416 mV. 
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Table 1 Comparison of Azotobacter protein with horse spleen ferritin 





Azotobacter Horse 
Aminoacid bacterioferritin-cytochrome spleen ferritin 
Cys 2.3 2.9 
Asx 17.2 17.3 
Thr 2.2 S9 
Ser 5.3 9.0 
Gix 26.8 23.9 
Pro 2.3 2.8 
Gly 9.9 9.9 
Ala 8.0 14.0 
Val 1.9 6.9 
Met 4.4 2.8 
He 12.2 3.5 
Leu 25.7 25.0 
Tyr 5.7 5.0 
Phe 2 dio 
Trp 2.4 2.1 
His 6.9 5.8 
Lys 11.7 8.7 
Arg 3.1 9.5 
Subunit MW 17,000* 18,500 


(SDS gel electrophoresis) 


The analysis of Azotobacter bacterioferritin-cytochrome was carried 
out on protein samples without Fe removal. Similar analyses to those 
shown here on this protein by D. Jacobs and the late W. A. Bulen (D. 
Jacobs, personal communication) give values which differ from those 
reported here by less than a single residue for each amino acid. Data for 
horse spleen ferritin are from ref. 6. 

* Obtained by the procedure of Weber, Pringle and Osborn?’ using, as 
calibrants, aldolase, pepsin, chymotrypsin, trypsin, ferritin, myoglobin, 
haemoglobin, lysozyme and cytochrome c. 


anaerobic Biogel P-2 column such that >90% of the (ferrous) 
iron is maintained in the reduced protein, which elutes with the 
solvent front. Separate experiments demonstrate that the 
column easily separates reduced ferritin-cytochrome from 
added ferrous ions. The eluted fully reduced ferritin-cyto- 
chrome can then be rapidly reoxidised by air to a species which is 
spectroscopically and analytically indistinguishable from the 
original oxidised material, with the exception of a small loss of 
Fe. The Azotobacter protein seems to hold its iron longer in the 
reduced state than does mammalian ferritin. 

We conclude that A. vinelandii produces a protein with dual 
bacterioferritin-cytochrome character. If the molecule resem- 
bles ferritin in quaternary structure (as seems likely from the 
electron microscopy), then its 24 subunits, ~12 haems and 
average of 1,600 Fe atoms in the oxide—hydroxide—phosphate 
core give a material of MW 660,000 capable of taking up or 
delivering up to 1,600 electrons. It differs from mammalian 
ferritin in that it contains haem, has a lower redox potential and 
holds its iron more tenaciously in the Fe’* state. We can only 
speculate on the physiological function and biological ubiquity 
of this bacterioferritin-cytochrome. 

The high iron content makes this protein a prime candidate 
for an iron storage protein of A. vinelandii, much as ferritins 
have this function in mammalian, plant and fungal systems’. If 
Fe storage is indeed its physiological role, then, as has been 
postulated in mammalian systems’*', iron mobilisation may be 
effected by the reduction of Fe** to the more labile and more 
soluble Fe** state. Perhaps the presence of the haem in the same 
molecule facilitates the reduction of the internal ferritin Fe. 
Why, then, is such a low potential required to mobilise the Fe? 
An intriguing hypothesis is that the Fe in the ferritin-cyto- 
chrome is a specific iron-storage depot for nitrogenase and its 
low redox potential ensures that only when the local redox 
potential in the cell approaches the negative values required for 
nitrogenase turnover (~—430 mV)” will the iron be mobilised 
from the ferritin-cytochrome. 

An alternative or possibly additional role of the bacteriofer- 
ritin-cytochrome involves its functioning as an electron storage 
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protein. The ability of this single molecule to take up hundreds 
of electrons at a low redox potential suggests that in Azotobacter 
this protein may function to supply low potential redox 
equivalents for use in respiration, biosynthesis or nitrogen 
fixation. 

Many bacteria”, including Azotobacter”, excrete sidero- 
phores in conditions of Fe deficiency. It seems likely, therefore, 
that in conditions of iron sufficiency, species other than A. 
vinelandii will also have developed the ability to make bacterio- 
ferritin. Furthermore, some of these bacterioferritins could 
contain haem as does the Azotobacter protein. Spectroscopic- 
ally, the haem absorptions found in the A. vinelandii protein are 
extremely similar to those found in cytochromes b, (often of 
unknown physiological function) from various bacterial 
sources**. Although none of the other cytochromes b, have been 
reported as containing non-haem iron, these do share with the 
A. vinelandii ferritin-cytochrome a relatively low redox poten- 
tial and a tendency to be present in high MW aggregates. As 
cytochrome b, purification procedures often involve the use of 
detergents (which would cause loss of Fe** core and leave 
apoferritin), the possibility remains that these are the bacterio- 
ferritin-cytochrome analogues of apoferritin. 

In mammalian Fe metabolism, a close relationship between 
ferritin and haem metabolism has been postulated in mito- 
chondrial particles, and evidence for direct involvement of 
ferritin in haem biosynthesis has been considered *°**. Further 
studies of bacterioferritins and/or bacterioferritin-cytochromes 
may help to establish evolutionary links which could improve 
our comprehension of both microbial and mammalian iron 
metabolism. 

We thank Deloria Jacobs and Sam Lough for assistance in 
protein preparation and manipulation, Dr Harry E. Calvert for 
the electron microscopy, Dr Kenneth F. Miller for the magnetic 
susceptibility studies and Drs George Lang and Kevos Spar- 
talian of The Pennsylvania State University for informing us of 
the Mossbauer spectroscopy results. The amino acid analysis of 
Azotobacter bacterioferritin-cytochrome was carried out by 
AAA Laboratory, Mercer Island. The whole experiment is 
contribution 647 from the Charles F. Kettering Research 
Laboratory. 
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Structure of the iron—sulphur 
clusters in Azotobacter 
ferredoxin at 4.0A resolution 


A FERREDOXIN-LIKE protein from Azotobacter vinelandii 
having 6-7 Fe and 6-7 S^ per mol and a molecular weight of 
14,000 has been described by Shethna' and Yoch ef al.’. Its 
biochemical properties’, electron paramagnetic resonance and 
redox behaviour**, and primary sequence’ have also been stu- 
died. This work has established that there are two Fe-S centres 
separated by 0.744 V in reduction potential, one behaving like 
the [Fe,S,S;""] cluster in high-potential iron proteins, the other 
displaying novel characteristics. The distribution of cysteines in 
the N-terminal sequence is distinctly non-homologous with 
clostridial ferredoxins. Extrusion of the Fe-S cores by thiol 
displacement produces unique species, suggesting the presence 
of a new chromophore structure’. I report here crystallographic 
studies of the protein in a tetragonal crystal form which have led 
to an electron density map at 4.0 A resolution. This map reveals 
two Fe-S clusters of clearly different size and shape. It has not 
been previously shown that this Fe-S protein, or any other, 
actually contains clusters of differing structure. 

The protein was isolated by the method of Shethna’ 
(A2so/Agoo = 1.7-1.8) and crystallised as square bipyramidal 
prisms’. The crystals are tetragonal, space group P4,2,2 with 
a =55.24 A, c= 95.05 A, and one molecule per asymmetric 
unit. Diffractometer data have been collected to 4.0 A resolu- 
tion from single crystals of the native and an isomorphous 
derivative prepared with K,PtCl,. Data were collected at 10°C 
using CuKa radiation and an w step-scan procedure. Bijvoet 
pairs were measured at +26 in blocks of 10 reflections. After 6 d 
of irradiation, decay at 4.0 A was 20%. 





Table 1 Single isomorphous replacement phase sets 


SE ee A A A A ial mite ireae ter bie T SAAN RINNE RS ¥ 


Phase Space Pt 
Set group x y z E R: (m) 
i P4,2;2 0.48 0.13 019 333 0.478 0.49 
2 P4,2,2 -048 —0.13 ~-0.19 38.9 0.552 0.47 
3 P4,2,2 0.48 013 0.19 39.4 0.547 0.47 
4 P432,2 ~-0.48 -0.13 ~0.19 33.1 0.501 0.49 





2 | Feu| — Fp + ful] 


where Fp, Fpy, are observed structure amplitudes for native and deriva- 
tive, respectively, and fy is calculated heavy atom structure amplitude, 
and n = 1,416 reflections. 


È} ||Fpn] -|Fp + ful] 
O 


| Fpul ~ iF el 
hki 


for 475 centric reflections (Okl, hk0, AAI). 
(m), Mean figure of merit. 
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Fig. 1 Electron density map of Azotobacter ferredoxin. Fe-S clusters are marked A, B. Seven sections on x, 0.23-0.35; y axis vertical, 
0.18-0.52; z axis horizontal, 0.23-0.43. Grid spacing ~1.9 A. Contours start at 18% of highest density (cluster A) with intervals of 10%. 


The isomorphous difference Patterson map for the derivative 
showed six peaks (average peak to background ratio 3:1) 
consistent with a single major Pt site. Patterson maps using data 
from three additional Pt-soaked crystals in trial experiments 
were similar. The correct hand of both the heavy atom position 
and the space group was determined unambiguously by using 
the anomalous scattering from iron. Four protein phase sets 
were derived using the Pt data without anomalous dispersion 
(Table 1). In each case Bijvoet difference” and ‘best’ Fourier 
maps were computed using the native data. Phase set 1 yielded 
two large positive peaks in the ‘best’ Fourier at the Fe-S cluster 
sites, but large negative peaks at these sites in the Bijvoet 
difference map. Phase sets 2 and 3 produced uninterpretable 
maps. With phase set 4 both Fourier maps contained large 
positive peaks at the Fe-S sites at positions related by 1/2—z 
from the set 1 maps, establishing this as the correct enantiomer. 
Subsequently, the heavy atom parameters and protein phases 
were refined in P4,2,2 with Pt anomalous data included (Table 
2). Difference Fourier maps revealed no secondary Pt binding 
sites. A Bijvoet difference Fourier with Pt anomalous 
differences again showed positive peaks at the Fe-S sites as well 
as a peak at the Pt site, the highest in the map and more than 
twice as high as the Fe-S peaks. 

The electron density map in the region of the Fe-S clusters is 
shown in Fig. 1. The clusters are separated by 11 A and occur at 
0.26, 0.39, 0.38 (A) and 0.30, 0.28, 0.28 (B). Several stretches of 
the polypeptide chain can be traced in the native map, including 
a right-handed helical segment. A clear solvent boundary 
delineates a molecule 30 x 25 x 35 A in size. The map is feature- 
less at the Pt site, which occurs on the molecular surface 19 A 
and 13 A from clusters A and B, respectively. 





Table 2 Refinement parameters for K,PtCl, derivative to 4.0 A 





A* 62.88 fu 126.8 

x 0.4816 E 45.7 

y 0.1352 Re 0.478 
z 0.3155 (m) 0.66 
B 28.00 A? n 1416 





* Occupany on scale of fu, E (see Table 1 for definitions). 


The most striking feature of the electron density is the 
differing shape and weight of the Fe-S peaks. Cluster A is 
essentially a 6 A diameter sphere, consistent with the expected 
presence of a [Fe,S,S%"*] cluster(s), like those seen in Pepto- 


coccus aerogenes ferredoxin'” and high-potential iron protein'’. 
Cluster B, however, is significantly flattened and oblate in shape, 
being at most 4.5 A thick. The maximum density at its centre is 
75% that of cluster A. At 5.0 A resolution, this cluster has a 
similar appearance but is only 55% the height of cluster A. 
Density maps calculated with centric or acentric phases only also 
give the same image of the Fe-S clusters. Thus, the electron 
density cannot be interpreted in terms of a second Fe,S, cube. 
Although it is not possible to distinguish unequivocally between 
other possible structures at this resolution, the density for the 
smaller cluster does suggest a two-iron centre, in analogy with 
model compounds of the type Fe2S,(RS)q (ref. 12). This inter- 
pretation is supported by the fact that the protein chains attach 
to cluster A from several directions (two shown in Fig. 1), 
whereas cluster B is attached only at opposite ends. 

A 4Fe-2Fe model agrees with the original Fe and S*~ assay 
and is consistent with the sequence. As the crystals diffract to 
2.0 A, the resolution of this study is being extended to resolve 
the Fe atoms and to trace the entire polypeptide chain. 

This work is supported by a grant from the NIH (GM-25672). 
Diffractometer and computer programs were supplied by Drs R. 
McClure, J. Abola and M. K. Wood. 

Note added in proof: W. V. Sweeney has recently determined by 
flame emission spectroscopy and colorimetric analysis using 
1,10-phenanthroline that A. vinelandii ferredoxin I contains six 
atoms of iron per molecule, based on an extinction coefficient at 
400nm of 27 mM! cm“. 

C. D. STOUT 
Department of Crystallography, 
University of Pittsburgh, 
Pittsburgh, Pennsylvania 15260 
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Solar energy boom 


Solar Energy: The Awakening Science. 
By D. Berham. Pp. 379. (Routledge and 
Kegan Paul: London, 1979.) £8.95. 


ma A pnt ee eree VANTAATA K OM MT HEPAT TNA eta 


With worldwide government-sponsored 
research and development on solar 
energy in 1979 approaching $1 x 10*, it 
would be very worthwhile for anyone 
interested in solar energy, however 
remotely, to read this book. It provides 
an excellent and well written back- 
ground to the tecnnologies and per- 
sonalities of those who have developed 
and are currently participating in the 
solar energy boom around the world. 

As the United States has the largest 
and longest running government solar 
energy budget, about half the world 
total, its solar energy scene naturally 
occupies the majority of the book. 
However, the French solar energy 
scene is given wide coverage, as they 
have the third largest programme in 
the world and have had a sustained 
effort for many years. Unfortunately 
the very large Brazilian bio-fuels pro- 
gramme ($300 10° per year) is not 
dwelt on; nor is the large Saudi Arabian 
programme ($25 x 10° per year) nor 
the other Arab solar energy pro- 
grammes which are also large. The 
German solar energy effort is also not 
discussed, even though their R&D 
budget is over $30 x 10° per year; and 
like the French they have substantial 
government tax incentives for industries 
and individuals to install solar energy 
devices. The United Kingdom solar 
energy effort (government R&D 
spending $3 x 10° per year and no tax 
incentives) commands a whole chapter. 
We are credited with having “the 
thread of originality’ (a passively 
heated school near Liverpool, built in 
1961) but “certainly do not believe in 
trying to solve the problem of solar 
energy by throwing money at it’”—does 
this sound familiar? 

I can thoroughly recommend this 
book, I read it from cover to cover in 
a short time but I am probably too 
interested in solar energy so as to be 
termed “unusual”? or other less kindly 
epithets. The background work and 
interviewing which the author (a 
science writer for UNESCO in Paris) 
obviously put into the writing of the 
book comes across clearly. The tech- 
nical details are kept to a minimum, 


and the explanations of the various 
solar energy systems now operating, or 
on the drawing board, for houses, 
factories, swimming pools, satellites, 
power towers, farms, and so on, are 
remarkably lucid, It is therefore good 
for all sections of the community who 
want to find out what is behind all the 
jargon which inevitably seems to 
accomp...y a technical field. Sometimes 
one wished for less snippets about the 
motels and meals and even more about 
some of the personalities, but the 
personal flavour of writing is attractive 
don’t be put off by the first two or 
three pages (unless of course you like 
Brittany!) A truly excellent index pro- 
vides a ready means of finding any 
topic, person, place, laboratory, com- 
pany, committee, country (and so on) 
mentioned in the book. In fact just 
reading through the index gives one 
quite an overview of the varied 
interests and technologies in the field 
of solar energy. 

The final chapter was completed in 
1978 and gives an up-to-date view of 
the status of the implementation of 


D. O. Hall. 


solar energy programmes in the USA — 
5,000 solar heated and 50,000 solar hot 
water houses ($30 x 10° annual mar- 
ket) with a projection of 2.5 x 10° solar 
heated houses by 1978 ($1 x 10° annual 
market). The State of California could 
not wait for the federal government 
(which at the end of 1978 offered tax 
credits up to $2,200 for each solar 
energy installation) and became the 
first State to offer generous incentives 
-—“home owners get a tax credit of 
55% up to $3,000 on a purchase and 
installation of a solar energy system. — 
Businesses are also given a 25% tax. 
credit if their systems cost more than ` 
$6,000”, 

The author is not a starry-eyed 
“solar nut”, as he asks searching ques- 
tions, expresses many doubts through- 
out the book, and rightly stresses 
energy conservation techniques right 
from the start. 


D. O. Hall is Professor of Biology at 
King’s College, University of London, and 
chairman of the UK Section of the Inter- 
national Solar Energy Society. 





Medicinal botany 





Healing Plants: A Modern Herbal. 
Edited by W. A. R. Thomson. (Mac- 
millan: London, 1978.} £9.95. 








Up to a few years ago very few books 
on medicinal plants had been written 
this century for the layman, certainly 
in English. There was Mrs Grieve’s 
A Modern Herbal, published in 1931, 
as well as some charming if rather less 
practical books by E. S. Rohde, which 
came came out about the same time. 
Mrs Grieve’s work covers a wide range 
of plants, is packed with information, 
much of which is difficult to find else- 
where, and is a sensible, down-to-earth 
publication even if it does not contain 
much information on the chemical 
constituents of plants (a great deal of 
work has been done on this in the 
past fifty years). Nevertheless, I think 
that when reviewing new books on 
medicinal plants it is fair to use Mrs 
Grieve as a standard by which to judge 
them. The kind of people who will buy 
and use these new books are probably 
the same kind as those who bought and 


used A Modern Herbal in the 1930s. 

There seems to be a much wider 
interest in medicinal plants now than 
was common even ten years ago. This 
is no doubt partly a spin-off from the 
ecology movement but is also the result 
of the related desire for a simple life, 
especially among townspeople. What- 
ever the basis for this interest, it is illus- 
trated by the increase in health food 
stores selling herbal remedies for a | 
wide range of afflictions. The market | 
for books on medicinal plants is pro-— 
vided with an ever-increasing flow of — 
works of varying merit. The one re- 
viewed here is a typical example and“ 
like the curate’s egg may be described | 
as good in parts. To start with, it is — 
very attractive to look at; the illustra- 
tions—both colour photographs and 
reproductions of old botanical draw- 
ings—are on the whole excellent, as is 
the printing. But I found the matter | 
contained in the book (and its layout) — 
rather disquieting. 

The book is divided into a number 
of alphabetical lists interspersed with — 
chapters on healing plants and their 
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active principles, the heritage of folk 
medicine, and so on. A list is provided 
of plants under English common-names 
—not always correct—with the condi- 
tions they are held to alleviate; and 
under latin names with an illustration 
and general description that would not 
be very helpful to a non-botanist, and 
is followed by a list of complaints and 
illnesses, with the plants used. This 
list unfortunately does not always tally 
with the first and is followed by yet 
another on healing substances and their 
effectiveness. This last list is about the 
parts of the plants used, their consti- 
tuents, and how they are processed. It 
is the most informative of the sections, 
but would be more helpful if sources 


of both herbal and planting material 
were given. For example, Asiatic gin- 
seng is listed, but where the authors’ 
expect would-be growers to buy plant- 
ing material I do not know; so far as 
I am aware it is only available from 
Japan. The book would have been far 
more useful if the information on each 
plant were all in one place, instead of 
being scattered throughout. Lists of 
suppliers—-both of the dried herbs and 
of planting material—would have in- 
creased its value enormously. Once 
again Mrs Grieve wins overall. 
Rosemary Angel 


Rosemary Angel is Officer in Charge, 


Museums Division, Royal Botanic Gardens, 
Kew, UK. 





Plant breeding 
for disease 
resistance 


Plant Breeding for Pest and Disease 
Resistance. By G. E. Russell. Pp. 485. 
(Butterworths: London, 1978.) £25. 





Durinc the past few years, radical 
changes have taken place in the strate- 
gies used by plant breeders when breed- 
ing for resistance to plant pests and dis- 
eases. Following the discovery by Biffen 
in 1907 that resistance to a disease was 
often conferred by a single gene, 
known as a major gene, many plant 
breeders used small numbers of major 
genes to obtain resistance. It was sub- 
sequently found, however, that resist- 
ance based on a single major gene, or 
a few such genes, frequently broke 
down within a few years of its intro- 
duction into a crop plant, due to the 
pathogen producing new races capable 
of overcoming that gene. G. E. Russell 
has been actively concerned in devis- 
ing new breeding strategies designed 
to provide durable resistance, and this 
book reflects his experience and 
methods of approach. 

The first part of the book is devoted 
to a brief but useful summary of 
methods used for the control of plant 
diseases, and to a consideration of the 
general principles and methods of 
breeding for resistance. The technical 
terms and concepts used in plant breed- 
ing are clearly defined: though some 
might not agree with all the definitions 
offered, they are clear and unam- 
biguous. There is a valuable section 
on methods, many developed by the 
author and his colleagues, for the in- 
troduction of resistance into commer- 
cial crops, and for its assessment when 
introduced. 

Parts II to V are devoted to breeding 
for resistance to specific groups of 
pathogenic agents, namely the fungi, 


the bacteria, mycoplasmas and viruses, 
animal pests and parasitic weeds. In 
each part, a general introduction is fol- 
lowed by a detailed treatment of a few 
selected cases in each of which sub- 
stantial progress has been made in the 
production of resistant cultivars of crop 
plants. These case histories fulfill two 
main functions. For the specialist 
student, they provide a good and usually 
up to date account of the present 
position, with adequate references to 
the literature. For the more general 
reader, they illustrate very clearly the 
ways in which the general principles 
advocated by the author can be applied 
to obtain durable resistance to almost 
any type of pest or disease, with modi- 
fications in detail rather than in prin- 
ciple to fit any specific case. 

In the final part of the book, some 
general conclusions on the present 
position and future prospects in the 
field are set out. The author is hopeful 
that by the use of major genes, where 
they are proved to be durable, and by 
the use of more sophisticated ap- 
proaches where they are not, it will be 
possible to control many major pests 
and pathogens. The casual reader may 
at first get the impression that it is 
suggested that breeding is the only 
satisfactory solution to pest and disease 
problems, but in the final section, the 
author is careful to emphasise that in 
many situations an integrated control 
programme involving both resistant 
cultivars, pesticides and biological and 
cultural control methods may be re- 
quired. 

This book is a very useful addition 
to the literature of plant breeding and 
plant pathology. It will be of value 
both to the student entering this field, 
and to the more general reader who is 
seeking an insight into the principles 
and methods of modern disease and 
pest resistance breeding. 

J. G. Manners 


J. G. Manners is Reader in Biology at the 


University of Southampton, UK. 
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Applying 
digital filters 


Digital Filters and their Applications. 
By V. Cappellini, A. G. Constantinides 
and P. Emiliani. Pp. 393. (Academic: 
London, New York and San Francisco, 
1978.) £20.50; $42. 


THE appearance of this volume in a 
series on Techniques in Physics is 
something of a landmark, for it is only 
recently that filters have ceased to be 
studied almost exclusively by electrical 
engineers, and written about for readers 
with formal training in that field. The 
intensive study of two-dimensional 
filters is also a recent development, 
spurred on by the need to clean up 
satellite pictures and by a variety of 
biomedical and geological needs. In 
connection with these and related 
applications, many scientists with no 
engineering background have been 
using—-and rediscovering—filters to im- 
prove their “signals”, and the present 
authors have therefore attempted to 
compose a text that would appeal 
to such an audience as well as to 
engineers. This is no easy task, for the 
types of presentation likely to satisfy 
these two categories of reader are 
rather different, particularly in the 
handling of mathematical details and in 
the need to put the material under 
discussion in context. The solution 
adopted by the authors, who present a 
great deal of material with very little 
comment or explanatory text to help 
the reader to assimilate it, is not at all 
satisfactory. It is certainly possible to 
look up any number of facts about 
filters, both FIR and HR, their soft- 
ware and hardware implementations 
and noise, but it is extremely difficult 
to get any feel for their power or suit- 
ability. The section entitled ‘“‘Descrip- 
tion of some windows” is an example 
of this: two formulae tell us how to 
distinguish a Hamming window from 
a Hanning window but not why two 
nearly identical windows should coexist. 
The formulae for numerous other 
windows are also given, sometimes 
with some indications about their 
origin but not always. 

This is a disappointing book, there- 
fore, except as an aide-memoire for 
finding formulae and definitions. The 
authors’ object was certainly laudable 
but for the time being the pair of books 
on digital signal processing by Rabiner 
and Gold and by Oppenheim and 
Shafer (Prentice-Hall, 1975) remain 
the most useful source of information 
on these matters. 

P. W. Hawkes 


P. W. Hawkes is Maître de Recherches at 


Laboratoire d'Optique Electronique du 
CNRS, Toulouse, France. 
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Vibrational 

and electronic 
Spectroscopy 

Symmetry and Spectroscopy: An 
Introduction to Vibrational and 
Electronic Spectroscopy. By M. C. 


Harris and M. D. Bertolucci. Pp. 550. 
(Oxford University Press: New York, 
Oxford and London; 1978.) £15. 


A NEW textbook dealing with vibra- 
tional and electronic spectroscopy, at 
third-year undergraduate level, with 
group theory as the unifying thread, 
has been needed for some time. This 
ambitious book goes somewhat further 
into spectroscopy than I would expect 
third-year undergraduates to go, from 
foundations which are not quite deep 
enough. 

The book: is ambitious because it 
aims to be self-contained, assuming 
little background knowledge (except 
some quantum mechanics). This has 
meant difficult decisions as to which 
theoretical results to explain, which to 
assume and which to ignore. The first 
chapter is an extremely readable 
account of groups and representations 
which deliberately ignores the theorems 


Fundamental 
research in 
gerontology 


The Biology of Ageing. Edited by 
J. A. Behnke, C. E. Finch and 
G. B. Moment. Pp. 388. (Plenum: New 
York and London, 1978.) £11.93. 


AGEING is the next growth industry, 
perhaps hardly surprising in Western 
Societies, as two of the three major 
scourges—-famine and pestilence—have 
been controlled, and the third-—war— 
is unacceptable, at least in theory. 
About 1 in 6 of our population is over 
65, In the United States there are now 
22 million people over 65 and early in 
the next century this figure is expected 
to increase to 50 millions. Little wonder 
that the young who have to support the 
more elderly amongst us are becoming 
concerned. What do they do with this 
rapidly increasing army of non- 
productive geriatrics—-parasites on a 
society which they have helped to 
build? 

Unfortunately, this book does not 
consider the social problems of ageing 
but it does deal with most other aspects. 
It is intended for a general audience 
but a good knowledge of modern bio- 
logical theory is an essential pre- 
requisite. 


of representation theory (the four rules) 
and simply states the key result, the 
formula for decomposing a representa- 
tion, by fiat. The relationship between 
group theory and the Hamiltonian is 
not discussed: the student who wishes 
to know why molecular eigenstates 
necessarily have symmetry properties 
must look elsewhere, or simply accept 
that normal coordinates and molecular 
orbitals transform as irreducible repre- 
sentations. Without making the book 
longer, much of this theory could have 
been included at the expense of chapter 
two, a sketch of quantum mechanics 
which adds little to the book and 


incidentally contains an incorrect 
interpretation of the superposition 
principle. 


The theory of molecular vibrations 
and of molecular orbitals provided here 
is rather elementary compared with the 
level of the spectroscopy which follows. 
A verbal definition of a normal co- 
ordinate without the equations of 
motion does not indicate clearly what 
a normal coordinate is, nor why it can 
sometimes be determined by symmetry. 
Similarly, without some idea of an 
effective one-electron potential, one 
cannot properly explain the Koopmans 
theorem nor insist that the molecular 
orbitals have symmetry properties. 
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Hiickel theory is presented here without 
any suggestion that the Hamiltonian 
is not the total molecular Hamiltonian. 
Most of the above criticism assumes 
the educational importance of prin- 
ciples in themselves. Of equal if ‘not 
more importance for the specialist is 
the application of principles in puzzle- 
solving; and it is here that the authors 
have succeeded brilliantly. Interwoven 
with the text are many examples of 
spectra (very well illustrated) from the 
literature and over 200 problems. The 
student who completes even a modest 
fraction of these problems should be 
able to construct symmetry coordinates 
and orbitals, determine the states which 
arise from electronic configurations, 
and decide which transitions are 
allowed. In short, he should be able 
to read the literature of vibronic 
spectroscopy. The theoretical aspects of 
this book could easily be supplemented 
by a lecture course. The strengths of 
the book lie precisely where formal 
lectures are often weak-——in examples— 
and for this reason both teachers and 

students will find it valuable. 
M. P. Melrose 





M. P. Melrose is Lecturer in Theoretical 
Chemistry at King’s College, University of 
London, UK. 





The contributors review most areas 
of interest in fundamental research in 
gerontology, particularly ageing in cells 
and molecules, and ageing in plants 
and lower animals, but there are also 
substantial sections on ageing in man 
and on the effects of hormones on 
ageing. The book concludes with a 
section on perspectives. As with any 
book with 25 contributors, the indi- 
vidual articles vary in quality. Some 
can be read with pleasure, others are 
rather heavy going, but all provide 
good background information and each 
gives a useful reference list for further 
reading. 

Although ageing and death are the 
inevitable end-results for most metazoa, 
we still know very little about the 
mechanisms involved. It is perhaps the 
most intellectually challenging problem 
in biology, yet research on ageing 
forms only a very small part of the 
major research programmes. Few uni- 
versities or medical schools consider 
ageing to be a basic biological process 
of sufficient importance to form the 
basis for organised courses, 

This book provides an excellent basis 
for an introduction to modern research 
on ageing, but it may be somwhat too 
detailed to serve as a course book. 

L. M. Franks 


L. M. Franks is Head of the Department 
of Cellular Pathology at the Imperial 
Cancer Research Fund Laboratories, 
London, UK. 
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Croom Helm wish to 
apologise to Mr John 
Maddox for the reference 
to him in connection with 
recombinant genetics in 
their book Directing Tech- 
nology. The publishers 
(Croom Helm) and the 
Editors (Ron Johnston 
and Philip Gummett) and 
the author of the chapter 
concerned (Dr Edward 
Yoxen of the Department 
of Liberal Studies in 
Science at the University 
of Manchester) unreser- 
vedly withdraw any sug- 
gestions of impropriety in 
Mr Maddox's role in 
public discussion of this’ 
issue. 
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High performance | 
liquid 
chromatography 

A pplications of High Performance 
Liquid Chromatography. By A. Pryde 


and M. T. Gilbert. Pp. 255. (Chapman 
and Hal: London, 1979.) £10.50. 





Tue authors of all compilations of the 
applications of any analytical chemical 
technique have to contend with two 
basic problems. In the first place only 
a very small part of the text will be of 
direct interest to any particular reader, 
and secondly in the case of any rapidly 
developing method such as high 
performance liquid chromatography 
(HPLC), there is a danger that much 
of the described methodology will be 
outdated even during the time required 
for publication. 

The present authors have skilfully 
avoided both these pitfalls, the first by 
confining their main coverage to three 
fields of wide general interest—phar- 
maceutical analysis, biochemical analy- 
sis and methods for monitoring 
environmental pollution. Some other 
miscellaneous topics are also treated 
briefly. The second problem—of cur- 
rent relevance—has been met by pro- 
viding a very complete review of the 


literature up to Spring, 1977. Publica- 


tion delays being what they are at 
present, this must be considered very 
good. 

» A very short but good summary of 
the relevant theory, a similarly brief 
account of the currently available in- 
strumentation, and a more extended 
and valuable section on the practice 
and principal modes of operation of 
HPLC lead into the major sections of 
the book. 


Within the selected topics the cover-. 


age. provided is excellent. For example, 


the 48 pages devoted to pharmaceutical- 
analysis includes most of the classes of. 


drugs now in general use, from anti- 


biotics to diuretics (including a section 


on analysis for drugs of abuse). In 
many cases examples of methods of 
HPLC analysis for the drug metabolites 
are included. 


= The major 61-page section on appli- 


cations of HPLC to biochemical analy- 
sis is. particularly thorough, and 
includes sub-sections on lipids (includ- 
ing steroids and prostaglandins), poly- 
carboxylic acids of metabolic import- 
ance, carbohydrates, biogenic amines, 
amino acids and proteins, nucleic acid 
derivatives porphyrins, and the com- 
mon vitamins. It is very encouraging 
to find some space devoted to HPLC 
of proteins, as in my view the HPLC 
of biological macromolecules has lagged 
behind the much easier HPLC of small 


molecules, many of which can readily 
be fractionated by easier (and much 
cheaper) methods. The intrinsically 
high resolution of HPLC methods 
should be particularly valuable for the 
separation of large nucleic acid and 
protein fragments (or even subunits) 
which are required for the sequencing 
of the intact molecules. 

The brief sections on applications of 
HPLC to environmental monitoring 
and various miscellaneous separations, 
including s‘ereoisomers, provide ade- 
quate coverage for their purpose. 

The book concludes with a series of 
appendices listing in considerable detail 
various types of packings for HPLC 
columns, and finally with a very use- 
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ful specific index of compounds. men- 
tioned in the text, which greatly 
enhances its value as a reference book. 
The scope of this very useful book is 
illustrated by the’ 876 quoted references, 
mostly subsequent to 1970. The produc- 
tion of the book is excellent at its 
price, and there are very few misprints, 
although I found the use of the word 
“colourimetric” throughout the book 
mildly irritating. | 

| C. J. O. R. Morris 





e mereen tree 


C. J. O. R. Morris is Emeritus Professor 
of Experimental Biochemistry, formerly at 
the London Hospital Medical College and 
Queen Mary College, University of 
London, UK. 





Molecular 
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Photoelectron Spectroscopy and Mole- 
cular Orbital Theory. By R. E. Ballard. 
Pp.192. (Adam Hilger: Bristol, 1978.) 
£18. 





Tue author of this book has appreciated 
the value. of molecular photoelectron 
spectroscopy as a teaching aid in 
chemistry. Other books on the subject 
have tended to emphasise its contribu- 
tion to the advancement of knowldege 
and have been directed primarily at ré- 
searchers. He recalls the late Professor 
C. A. Coulson’s remark about the im- 
pact of photoelectron spectroscopy: 
“The single result of most significance 
is the complete vindication of the mole- 
cular orbital description of a mole- 
cule’. Molecular orbital theory is 
taught throughout university chemistry 
schools, sometimes with the clarity 
which the late Professor Coulson used 
to demonstrate, all too often, however, 
as a beautiful mathematical theory; 
that in some ways is good for the under- 
graduates to master, but which many 
find sterile because of an over-emphasis 
on exactitude. The aim of the present 
book clearly is to demonstrate that 
photoelectron spectroscopy and es- 
pecially helium I photoelectron spectra 
of vapours have an important part to 
play in introducing undergraduates 
rather painlessly to some of the essential 
concepts of molecular orbital theory. 
In order presumably not to over- 
burden the student, a number of topics 
which a specialist would think essential 
have been omitted; notably no dis- 
cussion is given of the interpretation of 
spectra based upon ionic states, to 
which reference must always ulti- 
mately be made. The author is content 
to emphasise only the relationship 
between occupied orbitals and the 


bands in the photoelectron spectra. 
This is attempted by assembling the 
spectra for a rather limited range of 
simple molecules falling into groups of 
increasing complexity and then discus- 
sing these -in some detail. These com- 
parative chapters are preceded by a 
more general introduction to the neces- 
sary molecular orbital concepts. Some 
use has been made in the comparative 
chapters of the computer-generated 
drawings of Jorgensen and Salem (The 
Organic Chemists’ Book of Orbitals, 
Academic: New York, 1973) to provide 
an insight into the geometrical factors 
which are often implicit in the details 
of the photoelectron spectra. This is 
often a most revealing juxtaposition 
and the reviewer feels that even more 
use could have been made of this to 
advantage. The detailed comparisons 
are quite restricted in their coverage, 
ranging from diatomics, through tria- 
tomics, molecules related to ethylene, 
and some tetrahedral and octahedral 
molecules. Within these groupings are, 
however, to be found a number of 
examples of substances whose elec- 
tronic structure will have been a puzzle 
at one time or another to most chemis- 
try undergraduates. 

The importance of the finer detail 
in the spectra is not treated in depth. 
The section on vibrational fine struc- 
ture is perhaps less well illustrated in 
certain respects than other areas, both 
with regard to selection of examples 
and more particularly the quality of 
reproduction of some of the spectra. 
In this area in particular spectral reso- 
lution and the fineness of detail which 
can be read into many spectra are of 
fundamental importance; their proper 
discussion requires both well repro- 
duced examples and a proper treatment 
of the concept of the ionic state mani- 
fold, which, as remarked above, is a 
significant omission. | 

| | D. W. Turner 
Lea See RATED en E a een CSS Bae ite nee 
D. W. Turner is Reader in the Physical 


Chemistry Laboratory, University of 
Oxford, UK, 
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BIOCHEMISTRY 


ANTIMETABOLITES IN BIOCHEMISTRY, 
BIOLOGY AND MEDICINE 

Proceedings of a symposium on Antimetabolites in 
Biochemistry Biology and Medicine, Prague, 
Czechoslovakia, July 10 — 12, 1978 

FEBS Volume 57 


Editors: J. SKODA AND P. LANGEN, Prague, 
Czechoslovakia 


Previously, most literature concerning antimetabolites has been 
approached from a pharmacological viewpoint. The aim of 
this symposium was to stress the many applications of anti- 
metabolites, both as research tools and for their 
chemotherapeutic use. As such, it will be of great interest to 
researchers and practitioners in many areas of biology and 
medicine. 

0 08 024384 3 H 
320ppp 

850 literature references 


£20.00 
90 illus 
Spring 1979 


FOOD SCIENCE 


SINGLE CELL PROTEIN — SA FETY FOR 
ANIMAL AND HUMAN FEEDING 


Proceedings of the Protein-Calorie Advisory Group of 
the United Nations System Symposium, held at the 
Istituto di Ricerche Farmacologiche , ‘Mario Negri, 
Milan, Italy, March 31 — April 1, 1977. 

S. GARATTINI et al 

The aim of the book is to provide to scientists, technologists 
and government administrators the best recent informaticn 
concerning the safety for human and animal consumption of 
single-cell proteins, which at this time are primarily yeasts 
cultured on a variety of substrates. It should be useful as a 
textbook for courses on world food resources, industrial 
microbiology, livestock feeding and food safety and nutritional 
quality. 


(008 023765 7H £12.50 
0 08 023764 9 F £ 5.00 
220pp Spring 1979 


THE CILIATED PROTOZOA 2nd Edition 
Classification and guide to the literature 
characterization. 

| ¥.0, CORLISS, University of Maryland, USA 
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A unique reference work 
providing documented re- 
vision of the overall class- 
ification of the expanding 
o protistan phylum Cilio- 

.~- phora, based on new data 
in comparative taxonomy 
and on fresh hypothesis 
concerning the phylogeny 
and evolution of these 
microorganisms. 

A comprehensive and auth- 
oritative reference. work 
for all involved in cell 
biology, ccology and pol- 
lution biology, as well as 
protozoology, parasitology 
and invertebrate zoology. 


£20.00 
1517 illus 1979 
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PLACENTA~—A NEGLECTED 








EXPERIMENTAL ANIMAL 


Proceedings of a Round Table Discussion held at 
Bedford College, University of London, October 1978, 
under the auspices of the Special Commission on 
Internal Pollution a 


Editors: PETER BEACONSFIELD, London, UK 

CLAUDE VILLEE, Harvard University, USA 
This volume discusses the best possible use of the unique and 
remarkable attributes of the placerita, in order to apply it to 
the study of physiopathological processes such as cell repli- 
cation (normal and abnormal), immunological processes, 
ageing, metabolism and drug effects. 


The value of this book lies in the discussion section which 
looks to possible pointers for the future study of physio- 
pathological processes. 
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435pp 1600 literature references 
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MEAT SCIENCE 3rd Edition 
R.A. LAWRIE, University of Nottingham, England 


A revised and enlarged edition of a popular textbook for food 
science and food technology students. Recent basic discoveries 
on the attributes of the eating quality of meat and descriptions 
of the means which permit control over them in industrial 
practice are incorporated. Meat Science is based on many 
years’ experience of the subject by an acknowledged world 
expert who is personally acquainted with the topics described. 


0 08 023173 XH £17.50 
008 023172 1 F £ 8.25 
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THE CONTROL OF GROWTH AND 
DIFFERENTIATION IN PLANTS *2nd Edition 
P.F. WAREING, University College of Wales, UK 
I.D.J. PHILLIPS, University of Exeter, UK 











A new edition of a popular 
textbook introducing the 
subject for undergraduate 
students. Large sections 
have been re-written to 
bring the information up 
to date, and an additional 
chapter on phytochrome 
and photomorphogenesis is 
now included. There is 
also an extensive re-arrange- 
ment of the material to 
give a more logical and 
coherent presentation. 
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INSECT CLOCKS 2nd Edition* 
D.S, SAUNDERS, University of Edinburgh, Scotland 







This volume is concerned 
with those phenomena in 
which ‘environmental time’ 















yee, in the life of insects, 
racer} enabling them to perform 


events at the right time of 
the day or year. It firstly 
considers the fundamental 
properties of circadian 





the largest sections on 
seasonal photoperiodism. 


The concluding chapters compare other insect clocks, rhythmic 
and non-rhythmic, with the circadian system and describe what 
is known about the anatomical location of the circadian 
pacemakers and puotoreceptors. 
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KEEP OFF THE GRASS A Scientific enquiry 
ute the biological effects of marijunana. 
G. G. NAHAS, Columbia University, USA 


At a time when strong 
forces in many com- 
munities are pressing for 
the legalization of Mari- 
juana, most public infor 
mation on the subject 
concerns Marijuana’s im- 
pact from a legalistic rather 
than a scientific viewpoint. 
This book presents the 
truth about the many 
dangers of the drug from 
documented medical, 
a pharmacological and 
scientific evidence, at a 
j A level which will be easily 

understood by those with 
little scientific background, 
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THEORETICAL PHYSICS AND 

ASTROPHYSICS 

V. L. GINZBURG, P. N. Lebedev Physical Institute, 
| Academy of Sciences of the USSR, Translated by 
D. Ter HAAR, Oxford University, England 


The first text on theoretical’ physics and astrophysical 
applications, this book cover many recent advances, 
including those in x-ray, Yeray and radio-astronomy. 
It presents, on the one hand, various topics. in theoretical 
physics in depth — especially topics related to’ 
electrodynamics and on the other hand, shows how these 
topics find applications in various aspects of astrophysics. 
International Series in Natural Philosophy Volume 99 
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Third Revised Edition* 

K, FAEGRI, University of Bergen Botanical Museum, 
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L. VAN DER PIJL, Sportlaan, The Hague, The 
Netherlanes 























Approached from both a 
theoretical and a practical 
viewpoint, this survey pres- 
ents examples from all 
geographical areas where 
pollination has been stud- 
ied and general principles 
are illustrated by a number 
of concrete examples. 
Introductory chapters sur- 
vey the technical prob- 
lems and draw comparisons 
with spore dissemination in 
cryptogarns and pollination 
in gymnosperms. The fol- 
lowing chapters deal with 
angiosperm pollination and 
are divided into three parts: 
organs involved in polli- 
nation, flower types and 
pollinator activities. 
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DESCRIPTIVE PHYSICAL OCEANOGRAPHY 
G. L. PICKARD, University of British Colum bia. 
Canada 


The latest revised cdition of this introductory text has been 
updated with new material, diagrams and plates. SI units 
are used; an appendix relates these to older units. 


CONTENTS (partial): 


Ocean Dimensions 

Shapes, and bottom materials 

Physical properties of sea-water 

Typical distributions of water characteristics in the 
oceans 

Water, salt and heat budgets of the oceans 
Instruments and methods 

Circulation and water masses of the oceans 

Coastal oceanography 


APPENDIX: Units used in descriptive physical oceanography 
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by réquesh 


ALKALINE PHOSPHATASE icatNo EAP- 
trom E con BL 15 ANase l) 

This preparation is tree of any detectable 

MNase or DNase actiitine 


DNA POLYMERASE | (Cai No EDP-4) 
iKoraberg solymerasel 

From E, cou BL 15 

For anglyticai and preparative purposes 
Suitable for nick tansiation of ONA In vars 


EXONUCLEASE Hi Cat Ho, c&x-t 
This enzyme digests double-stranded DNA trom 3 end 
and yields single-standed DNA 


Fer more information: 
Write or Cali 


PRICES 


Free trom other Moanuciase 
ang Phosphatase achwiiass 


145 OO 1O0 units 


Free of siuciegies 7860 1G) umts 


HE OG SOO units 


Specie Actwity 2000 urotamg 
Cormpetaty Free of 

RNase and ONase 

ACS THaS 


BO OO) TO) umis 
235 00 ROO units 


Speche actwity 
SOOO unem 
Caompietery free ot 
DNase activity 


38 G0 S00 units 
135 00 $000 units 


Speche aohvily 
140 units mg 


65 OO 100 umts 
20 0/350 units 


Specific achvily 
S005 uruta mg 
Free of DNase and Exonuclease IH 


155 00 250 umts 
275 TO SOO unite 


Free of andaructease tor t 
Not fess than 35000 uniusimg 


ED RAIO unite 
95 D/B units 








A new approach 
in tissue culture 













PETRIPERM 


WA a novel culture dish 
\ with gas permeabile 
„membrane as cellular 


Additional advantages of the PETRIPERM membrane are: 


E UV permeable 200 nm 





@ Suitable for high power light and fluorescence microscopy 

E The membrane can be cut for cell cloning, electron 
microscopy, staining and documentation 

@ Chemically resistant to acids, bases and organic solvents 

PETRIPERM is available either with a hydrophilic surface for 


optimal attachment, or with a hydrophobic surface for easy 
detachment of adherent cells. 


Proiifaration of Pid ~Pumor belg 


3; 
m 


Eat E A$ 


Fe thymidine pears. 


Heraeus— 
Coz:-Incubator 
B 5060 EK/CO: 


We build 
incubator 
appropriate 
pCO2, pH and pO: 
control units 


the 
with 


W. C. HERAEUS GMBH 
Produktbereich 
Elektrowarme 


in the mtact animal. the pH. and the partial 
pressure of both oxygen and CQ: at the cell 
environment are under total biochemical and 
physiological control This state is not ever 
approximated by avaiable techniques of 
mondlayer cell cullure in convenbonal issue 
culture ware. Continuausly changing gradients 
of these parameters in the mucro-environment 
eft cultured celis will obscure the biological 
significance of Culture dependent phenomena 
PE TRIPERM is the prerequisite (or the precise 
control of pO: pCO: and pH in the celular | 
environment as gases reach the cultured cells 
directly through the highly gas permneabie 2e 
fé& nm thick mem brane 


ENZO BIOCHEM, ING. 


J00 Park Avenue South 
New York, N.Y. TO 
(212) S34 iHe 


D-6450 HANAU 
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newly on the market 





Optical scanner. The new Stahl 
Research optical scanner can scan bio- 
logical microsamples with high ac- 
curacy. A resolution of 0.2 um per 
pixel over a 50-um field is attained, 
resulting in a grid of 256x256 pixel 
images. The Model 502 image analysis 
optical scanning microscope system 
guarantees O.2 um overlay reproduci- 
bility with each subsequent scan. The 
microprocessor controlled system 


utilises oscillating mirrors and PMT 
detection to achieve a s/n ratio better 
than 46 dB. Included is a high precision 
X-Y stage and provision is made for a 
host of image processing algorithims. 

Circle No. 84 on Reader Enquiry Card. 





The Stahl Research optical scanner 


Multi-wavelength photometer for 
HPLC, The Du Pont 860 absorbance 
detector is a compact UV/visible 
photometer designed for high sensitivity 
detection of chromatographically separ- 
ated components that absorb light at 
the mercury emission lines in the 254 
to 346 nm wavelength region. The 
device can detect sample components 
at picogram levels. Model 860 uses 
optical filters and a stable, low pressure 
mercury lamp source with a phosphor- 
coated tip. A two-position mounting 
permits easy conversion from 254 to 
284 nm. The flow-cell design permits 
sensitivities to 0.002 absorbance units 
full scale. Sample absorbance is con- 
tinuously displayed on a digital meter 
for visual monitoring and recording. 

Circle No. 85 on Reader Enquiry Card. 





These notes are based on information 
provided by the manufacturers. For 
further details circle the appropriate 
numbers on the Reader Enquiry Card 
bound inside the cover. 





Infra-red detectors. Plessey announces 
a new range of fast-response uncooled 
infra-red detectors designed for general 
purpose infra-red laser studies, where 
the detection of low power fast infra- 
red pulse chains is required. These new 
devices, designated the PLT 411F 
series, have as detector element a single 
lithium tantalate crystal which has high 
voltage but for maximum mean power 
handling capability a pyroelectric cera- 
mic element can be offered. 

Circle No. 86 on Reader Enquiry Card. 


Liquid scintillation system. The 
Packard Tri-Carb 460C, is an advanced 
microprocessor-based liquid scintilla- 
tion system which dramatically in- 
creases the quality of data that can 
be obtained in cancer research, disease 
prevention, genetics, microbiology and 
other life science investigations. It 
features an integrated video display 
showing test procedures and results, 
a system controller and a built-in 
printer to record information on a 
report form. The system can handle 
as many as 460 samples. It has cas- 
settes, or rack-like carriers which hold 
up to 10 samples each. 

Circle No. 87 on Reader Enquiry Card. 


Cellulose acetate electrophoresis 
system. A purpose built cellulose 
acetate system that produces consist- 
ently good results for a wide range of 
clinical applications has been produced 
by Shandon. Applications include the 
separation, identification and quantita- 
tion of serum proteins, haemoglobins, 
haptoglobins and glycoproteins. The 
system incorporates a newly developed 
cellulose acetate membrane, Celagram 
H, which provides sharper separations 
and shorter running times than pre- 
vious membranes and eliminates the 
need for a final sticky clearing bath. 

Circle No. 88 on Reader Enquiry Card. 


Luteinising hormone assay. The new 
radioimmunoassay kit for Luteinising 
Hormone (LH) in human serum, from 
Amersham Corporation covers the 
range 0-300 mIU ml“. Good perform- 
ance throughout the shelf-life (normally 
4-7 weeks from date of shipment) of 
the kit is ensured by the use of ion- 
exchange paper to partially purify the 
tracer prior to each assay. The 
Amersham LH RIA kit has been 
clinically tested. 

Circle No. 89 on Reader Enquiry Card. 


Luminometer. LKB-Wallac iS 
introducing a new instrument for 
luminescence measurements, The Lu- 
minometer 1250 is the basic instrument 
comprising the measuring chamber with 
detector and the electronics unit. The 
detector is a photomultiplier which 
gives the instrument high sensitivity. 
The spectral response covers both 
chemiluminescence and biolumi- 
nescence. Various output devices can 
be used with the 1250. LKB-Wallac can 
supply a digital display and printer unit 
or a potentiometric recorder. 

Circle No. 90 on Reader Enquiry Card. 


Nanometre particle sizer, The Coulter 
Nano-Sizer determines average par- 
ticle size in suspensions and emulsions 
in the overal range 0.04-3.0 um. This, 
together with an index of the width of 
the size distribution, is presented typi- 
cally within 2-4 min with no operator 
attention, calculation or calibration. 
The built-in micro-computer ensures 
that no calculations are required and 
alleviates the necessity for calibration. 
Results are absolute and are displayed 
digitally to three significant figures. 
Areas of application include paints, 
pigments, latices, pharmaceuticals, 
emulsions of all types, carbon blacks 
and other colloidal materials. 

Circle No. 91 on Reader Enquiry Card. 





The Coulter Nano-Sizer 


Ultrasonic pipette and glassware 
cleaner. The Branson Sonifier ultra- 
sonic pipette and glassware cleaner is 
a new accessory to the Sonifier cell 
disruptor product line. The cleaner, 
comprised of an ultrasonic generator 
and a stainless steel cleaning tank, pro- 
vides fast, efficient cleaning of all sizes 
of pipettes, glassware, and other lab- 
oratory instruments. No pre-soaking is 
necessary and several cleaning solu- 
tions are available. 


Circle No. 92 on Reader Enquiry Card. 


x 


Audible radiation monitor. The Radia- 
tron ‘Bristol Bleeper’, developed in 
conjunction with the Physics Depart- 
ment Bristol General Hospital, is a 
convenient and simple method for safe- 
guarding personnel against ionising 
radiation. The ‘Bristol Bleeper’ is only 
slightly larger than a pen and slips 
easily into a pocket, where it is held 
firmly by the strong stainless steel clip. 
The monitor operates over a wide 
range of radiation energies. It operates 
continuously giving a bleep every 10 
min for normal background radiation 
increasing, with dose rate, to a contin- 
uous tone when high radiation doses 
are present. Typical endurance is |! 
year using readily available batteries. 

Circle No. 93 on Reader Enquiry Card. 





The Bristol bleeper 


Light pollution rejection filter. Celes- 
tron now offers a series of LPR filters 
that make bright city, light-polluted 
skies, appear dark by rejecting radia- 
tion from mercury and sodium type 
lights. This will be of great value to 
the amateur astronomer who will be 
able to make deep sky photographs 
from sites in built-up areas. 

Circle No. 94 on Reader Enquiry Card. 


Computing integrator. The Spectra 
Physics SP4100 computing integrator is 
microprocessor controlled, has a full 
Alpha Numeric keyboard and LED dis- 
play and an integral Printer Plotter. 
BASIC is standard in the SP4100 with 
extensive built-in programming which 
can be easily reprogrammed by the 
user. The most often used data reduc- 
tion methods in chromatography are 
all preprogrammed in ROM (Read 
Only Memory) and can be implemented 
with just a few key strokes. Built-in 
BASIC programming capability allows 
the user complete flexibility to modify 
an existing data reduction method, for- 
mat his own report or develop other 
custom applications. The printer plot- 
ter prints at 24 characters per second 
in black on white, and can ‘chart re- 
verse’ to do X~Y plotting. 

Circle No. 95 on Reader Enquiry Card. 


Monoclonal materials for B cell studies. 
Sera-Lab produce three monoclonal 
antibodies directed against sheep red 
cells. The antibodies have been pro- 
duced by the hybrid myeloma technique 
of Kohler and Milstein and are serolo- 
gically distinct belonging to the mouse 
immunoglobulin classes IgG, IgG: and 
IgM. For workers involved in the 
separation of human B lymphocytes for 
tissue typing and histocompatibility 
tests prior to transplantation, two dif- 
ferent sera are available directed 
against the HLA-DR markers. The 
antibody MAS 020 is a non-comple- 
ment fixing antibody and can be used 
for the preparation of enriched B cell 
suspensions for subsequent typing 
using complement dependent sera. 
Serum MAS 019 is a complement- 
dependent serum directed against B 
cells, which can be used for separation 
methods and as a good positive control 
in cytotoxicity tests and similar re- 
actions. 

Circle No. 96 on Reader Enquiry Card. 


Block digestor for wet digestion/ 
oxidation techniques. Techne Inc. have 
developed a block digestor system de- 
signed for sample preparation prior to 
analysis of grain, food products, soil, 
water pollutants, chemicals etc. The 
block digestor is an alloy block heater 
system designed to heat samples at 
temperatures up to 450°C for wet 
oxidation or acid digestion of material 
for assay, particularly of protein by the 
Kjeldahl method. 

Circle No. 97 on Reader Enquiry Card. 





Techne block digestor 


HPLC chromatographic packings. Du 
Pont present Zorbax NH: columns and 
Zorbax bulk liquid chromatographic 
packings. Zorbax NH: is a multipurpose 
column that can be used for high per- 
formance separations under normal, 
reversed phase, and ion exchange 
chromatographic conditions. This polar 
bonded column expands the range of 
Zorbax applications to include separa- 
tions of materials such as carbohy- 
drates, organic acids, and other polar 
organic compounds, including preserva- 
tives, antioxidants and pesticides. Zor- 
bax bulk liquid chromatographic pack- 
ings are spherical with a diameter of 
7-8 um. 

Circle No. 98 on Reader Enquiry Card. 
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illuminator for stereo 
micrescopes. Reichert-Jung UK in 
conjunction with American Optical 
Corporation announce the model 11-80 
Fibre Optic Illuminator suitable for 
use within stereo microscopes from any 
manufacturer. The 11-80 incorporates 
a quartz halogen lamo (colour tempera- 
ture 3,400 K) and its output is directed 
at the specimen through self-support- 
ing fibre optic light guides. Single and 
branched guides are available, permit- 
ting accurate pinpoint illumination of 
the specimen. The unit incorporates a 
fan for cooling and has a neat cable 
storage. 

Circle No. 99 on Reader Enquiry Card. 


Fibre optic 
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APPOINTMENTS VACANT 





NATIONAL UNIVERSITY 
OF LESOTHO 


Applications are invited for two 
posts of 


LECTURER/SENIOR 


LECTURER 


in the DEPARTMENT OF BIOLOGY, 
Preference will be given to candidates 
specialising in the fields of Genetics 
and Entomology, but the appointees 
will be expected to teach in related 
subjects as well as in their own 
specialities, The appointments will be 
on contract terms for limited periods 
of two to four years for expatriates 
in the first instance and appointees 
will be expected to assume duty by 
August, 1979. Salary scales: Senior 
Lecturer R7,473 to Ra,433 per annum, 
Lecturer R$, '493 to R/, §27 per annum 
(£1 sterling equals RI. 76). The British 
Government may supplement salaries 
in range £1,644 to £2,508 per annum 
(sterling) for married appointees and 
£570 to £1,410 per annum (sterling) 
for single appointees (reviewed annu- 
ally and normally free of tax) and 
provide children's education allow- 
ances and holiday visit passages. 
Family passages; Superannuation: 
Appointees on contract terms receive 
25 per cent gratuity in Heu of super- 
annuation for the first two years of 
the contract, rising to 274 per cent 
and 30 per cent for each subsequent 
and similar period of service. 15 per 
vent inducement allowance for ex- 
patriates not qualifying for any 
supplementation aid scheme. Accom- 
modation is available at reasonable 
rentals. Baggage allowance. Education 
allowance, Vacation and study leave. 
Medical aid Scheme, Detailed applica- 
tions (two copies) with curriculum 
vitae and naming three referees by 


June 18, 1979 to the Administrative 
Assistant (Appointments) NUL, 
Roma, Lesotho, Africa. Applicants 


resident in the U.K. should also send 
one copy to Inter-University Council, 
90/91 Tottenham Court Road, London 
WIP ODT. Further particulars may be 
obtained from either address. 
634(A) 





THE UNIVERSITY OF 
SHEFFIELD 


RESEARCH ASSISTANT 
DEPARTMENT OF 
PHARMACOLOGY 


Applications are invited from men 
and women for the above post to 
work on a project entitled ‘The role 
of adenosine and cAMP in the regu- 
lation of amino acid-mediated neuro- 
transmission in the olfactory cogtex’. 
Applicants should possess or expect to 
be awarded a good honours degree in 
Biochemistry, Pharmacology, Physiol- 
ogy, Pharmacy or some other appro- 
priate discipline and will be expected 
to register for a ar eon degree. Ten- 
able 3 years from October 1979. Ini- 
tial salary pean a, Applications 
including a ev, names and ad- 
dresses of two aleras to The Registrar 
and Secretary, The University, Shef- 
field 510 2TN by May 31. Further 
information from Dr G., CG. 5. Collins 
(0742 78535 Ext. 4659) Quote ref: 
R 279/G. 616(A) 


UNIVERSITY OF SYDNEY 
CHAIR OF BIOCHEMISTRY 


Applications are invited for a Chair 
of Biochemistry which will become 
vacant when Professor K, W. Taylor 
returns to the United Kingdom at the 
end of May 1979. The occupant of the 
McCaughey Chair of Biochemistry is 
Professor R. . Wake who has 
interests in microbial molecular bio- 
logy. The Boden Chair of Human 
Nutrition within the Department of 
Biochemistry is held by Professor A. 5. 
Truswell, The Department of Bio- 
chemistry has major teaching respon- 
sibilities not only in the Faculty of 
Science but also in the Faculties of 
Medicine, Veterinary Science and 
Dentistry, and an appropriate research 
interest would be an advantage. 

Salary will be at the rate of 
$A33,061 per annum, plus a pre- 
clinical loading of $A2, §00 per annum, 
if appropriate. 

A statement of conditions of 
Appointment and Information for 
Candidates may be obtained from the 
Registrar, University of Sydney, 
N.S.W. 2006, Australia, with whom 
applications close on May 31, 1979. 
information also available from 
Association of Commonwealth Univer- 
sities (Appts), 36 Gordon Square, 
London WCIH OPF. 631(A) 


UNIVERSITY OF 
SIERRA LEONE 
(Fourah Bay College) 


Applications are invited for the 
post of 


SENIOR LECTURER/ 


LECTURER 


in ORGANIC CHEMISTRY tenable 
from September 1, 1979. The appointee 
would be expected to give courses to 
general and honours degree levels in 
three or more of the following areas =m 
The Chemistry of Natural Products, 
Structural Organic Chemistry, Stereo- 
chemistry, Organic Reaction Mechan- 
isms, Classical Organic Chemistry. 
Salary scales: Senior Lecturer: 196,243 
to Le7,60l per annum. Lecturer: 
Le4,488 to Le6,897 per annum (£1 
sterling equals (e2.20). Family paš- 
sages; superannuation scheme or con- 
tract terms; various allowances; car 
loan negotiated; part-furnished accom- 
modation at reasonable rent or 
allowance in lieu, Detailed applications 
(two copies) with curriculum vitae 
and naming three refereds to the 
Secretary, University of Sierra Leone, 
Private Mail Bag, Freetown, Sierra 
Leone by June 17, 1979, Applicants 
resident in the U.K. should also send 
one copy of their application to the 
Inter-University Council, 90/91 
Tottenham Court Road, London WIP 
ODT, Further particulars may be 
obtained from either address. 
632(A) 


PLANT MOLECULAR 
BIOLOGIST 
ZOECON CORPORATION. | 


Zoecon Corporation, a leader iv 
innovative agricultural chemical re 
search, is establishing a major researc! 
effort in higher plant molecular biclog¥ 
Research directions will include th: 
application of the techniques of mol 
ecular blology to crop improvement 
Qualified scientists will join a researc! 
team working in a unique scientifi 
environment, Zoecon offers an oppor 
tunity to develop and direct a researc) 
program, the intellectual stimulatios 
of interaction with excellent colleagues 
and the opportunity to contribute c 
the expansion of this exciting field 
Individuals with expertise in plan 
genetics, biochemistry and physiolog 
are be rte to apply. The position 
require a D. in a field of plan 
biology, preferably with post doc ez 
perience, 

Zoecon is a division of Occidernta 
Petroleum Corporation with substantia 
domestic and international operations 
Corporate headquarters and corporat. 
research are located in the Stanfor 
Industrial Park, in close proximity t 
San Francisco. Submit detailed résumé 
in confidence to: i 

Kathy Moore 

Manager, Employee Relations 

Zoecon Corporation 

978 California Avenue 

Palo Alto, California 94304, 
WSHA) 


Portsmouth Polytechnic Department of 
Electrical and Electronic Engineering 








Research in 
Oscillator Modelling 





Applications are invited from suitably qualifed Physicists or Engineers to 
undertake research in the synthesis of radio frequency and microwave oscillators 
having optimised short term frequency stability and jitter characteristics. The 
research leading to Ph. D and supported by a Science Research Council 
Studentship is to be carried out in collaboration with Plessey Radar, Isleof Wight, 

who will provide supplementary financial support. 


Further details may be obtained from Mr. P. Bradsell, Plessey Radar, Newport 
Road, Cowes, Isle of Wight, tel. Cowes (0983) 294141, or from Dr. E. Vilar, 
Department of Electrical and Electronic Engineering, Anglesea Road, 
Portsmouth, tel, Portsmouth (0705) 27681. 





) PLESSEY 


electronic systems 
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nT SC a Tv TETAAN 


KING FAISAL UNIVERSITY 


College of Veterinary Medicine and Animal Resources 
Hofuf, Saudi Arabia 


Faculty positions are presently open for the 1979-1980 academic year in the following fields. Candidates should hold Doctors or 
Bachelors Veterinary qualifications and have had teaching experience. 


GENETICS and BREEDING 


VETERINARY CLINICAL PATHOLOGY/HISTOPATHOLOGY 


BIOLOGY 

VETERINARY GYNAECOLOGY and OBSTETRICS 
CLINICAL PARASITOLOGY l 
VETERINARY ANATOMY/HISTOLOGY 

ANIMAL HUSBANDRY 


Salary Ranges 


Professor Ni 2 

Associate Professor ae 

Assistant Professor .. bs sg 

Lecturer (D) .. 

Lecturer (B) .. 

Demonstrator (D) ; se oe 2h, 
Demonstrator (B) .. na vi 


Plus Professional Allowance: 20 


% for Veterinarians ; 


VETERINARY BACTERIOLOGY 

FORENSIC MEDICINE and TOXOLOGY 

FOOD HYGIENE and MEAT INSPECTION 
VETERINARY MEDICINE and THERAPEUTICS 
MARINE RESOURCES and FISH DISEASES 


MATHEMATICS 


VETERINARY SURGERY 


VETERINARIAN 


Monthly Salary 
in Saudi Riyals 
6,595 — 8,995 
5 835 — 7,585 
4,695 — 7,215 
3,385 — 5,785 
2,780 — 4,780 
2,780 — 4,780 
2,225 ~ 3,975 


30% for Physicians 


Approximate Annual 
Sterling Equivalent 
£11,621 — £15,850 
£10,282 — £13,366 
£8,273 — £12,713 
£5,965 — £10,194 


£4,899 ~ £8,423 
£4,899 — £8,423 
£3,973 — £7,004 


Local transport allowance for 10 months of S.R. 400-600 per month, approximate sterling equivalent of £587--£881 for 10 months. 


Benefits 


There is no Income Tax payable to the Saudi Arabian Government. Free furnished accommodation is provided. Assistance with children’s 
education costs. Return annual air fares for family of four. 60 days paid annual leave. Baggage allowance of 50% of one month's salary 


payable on taking up post. Contracts for one year, renewable. 


Send two copies of curriculum vitae, one copy of certificates, names, addresses and telephone numbers of three references to: 
Dr Ibrahim El Desougi Mustafa, Dean, College of Veterinary Medicine, King Faisal University 


P.O. Box 2, Sunbury-on-Thames, 
Middlesex TW16 5JP, England 


UMIST 
UMIST Pollution Group 


The members of the UMIST Pollution Group are responsible to the 
Assistant Director of the jointly organised WUMIST/University of 
Manchester Pollution Reseatch Unit, which consists of a multi- 
disciplinary group of staff whose interests cover the Technical, Legal, 
Economic and Social aspects of pollution, The one-year M.Sc, Course 
in Pollution and Environmental Control has been accepted by the S.R.C. 
as suitable for the tenure of its Advanced Course Studentships. 
Applications are invited for the following posts based at UMIST. 


Lecturer (Reference UPG/68/AD 


The Scientific, Technical and Engineering activities of the UMIST 
Group are undergoing expansion, and a lecturer is now required, The 
successful applicant will be expected to make significant contributions 
to the M.Sc. Course as well as to undergraduate courses in other 
departments, and to pursue his/her own research interests, both within 
the Group as well as in collaboration with other departments. Applicants 
will be considered primarily on the basis of their personal achievements 
rather than on their conformity to a prescription of suitable interests, 
but those offering expertise in the fields of Public Health Engineering 
or Noise Pollution and its Control may well offer the most effective 
means of complementing the existing staff interests. 


Salary will be on the scale £3,883 to £7,754 per annum (subject to 
revision from October 1978). 


Project Officer (Reference UPG/69/AD 


In addition to the normal academic pursuits the unit operates a 
service to industry in topics falling within the pollution and environ- 
mental control field and a vacancy now exists for a full time Project 
Officer to be responsible to the Assistant Director for the day-to-day 
operation of this service, Versatility and competence in the practical 
skills necessary to the performance of this service as well as enthusiasm 
in consolidating opportunities to create new work will be important 
qualities in the successful candidate. Some involvement in longer term 
projects will be encouraged in order to enable the Project Officer to 
maintain his acquaintance with technical developments. 


Salary will be on the scale £3,883 to £6,555 or £6,317 to £7,754 
per annum subject to qualifications and experience (subject to revision 
from October 1978). 


Application Form and Conditions of Appointment may be obtained 
from the Registrar, UMIST, P.O. Box 88, Manchester M60 IOD. 
Appropriate reference should be quoted. Informal enquiries should be 
addressed to Dr R. F. Griffiths. 640A} 


Der mri anaa 


OR c/o Saudi Arabian Educational Mission, 


2221 West Loop South, Houston, Texas 77027, U.S.A. 


UNIVERSITY OF LONDON 
INSTITUTE OF OBSTETRICS 
AND GYNAECOLOGY 


Hammersmith Hospital 


A vacancy exists in the Research 
Laboratories of the Institute of 
Obstetrics and Gynaecology, Ham- 
mersmith Hospital, for a graduate 
biochemist, preferably with previous 
experience in prostaglandin work or 
tissue culture. This is a three-year 
project to investigate the role of 
prostacyclin in fetal growth retarda- 
tion and will lead to an M-PhRil./Ph.D. 
degree. There will be some collabora- 
tion with the Department of Clinical 
Pharmacology, Royal Postgraduate 
Medical School. The starting date 
would be June/July 1979, Please send 
one copy of curriculum vitae to 
Professor M. G. Elder, Institute of 
Obstetrics and Gynaecology, Hammer- 
smith Hospital, Du Cane Road, 
London W12 OHS by Friday May 18. 

645(A) 





THE MIDDLESEX HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

POSTDOCTORAL 
RERSEARCH ASSOCIATE 


Applications are invited for a 
three-year appointment supported by 
the Science Research Council, to 
work on adhesion and locomotion of 
tissue cells. Candidates should possess 
a Ph.D, degree, or expect to obtain 
one this year. Salary £4,857 per 
annum, rising to £5,340 per annum 
(inc. London Allowance). Applications, 
including curriculum vitae and the 
names of two referees to Dr David 
Gingell, Department of Biology as 
Applied to Medicine, The Middlesex 
Hospital Medical School, London 
WIP 6DB. 646(A) 


650(A) 


THE UNIVERSITY OF HULL 
DEPARTMENT OF 
BIOCHEMISTRY 


BIOLOGICAL CHEMIST/ 
BIOCHEMIST 


Applications are invited for a Post- 
doctoral Research Assistant for an 
attractive and interesting research pro- 
ject concerning the structure and func- 
tion of iron-binding compounds of the 
mycobacteria. The position which is 
created by a grant from the SRC also 
provides for technical assistance. Can- 
didates should have or expect to have 
obtained their Ph.D. before the start- 
ing date. 

Salary will be on the lower part of 
the scale £3,883 to £4,882 (under re- 
view). 


BIOCHEMIST/ 
MICROBIOLOGIST 


Applications are also invited for a 
graduate Research Assistantship for a 
related project involving mycobacteria 
of medical and clinical importance. 
The position is created by a grant 
from the MRC and will involve some 
co-operation with the National Insti- 
tute for Medical Research. Candidates 
should have or expect to obtain a good 
honours degree in an appropriate 
subject. 


Salary will be on the scale £3,384 to 
£3,883 Cinder review). 

Both positions are to start October 
1, 1979 and are for three years (sub- 
ject to satisfactory progress); they will 
be under the direction of Dr Colin 
Ratledge. 

Applications should give full details 
of education, qualifications and re- 
search experience, where appropriate, 
together with the names of two re- 
ferees and should be sent by May 28, 
1979 to Dr. C. Ratledge, Department 
of Biochemistry, The University of 
Hull, Hell, HU6 7RX from whom 
further details of both positions may 
be obtained. 601(A) 
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Centre for Applied Microbiology & Research, Porton Down, Therapeutic Products Laboratory 
The Therapeutic Products Laboratory at the néw Centre is concerned with the research, development and | 
l production of microbial enzymes and human proteins for clinical use. The Laboratory already manufactures 
Asparaginase that is widely used for the treatment of leukaemia and has other enzymes in yarious stages of 


the person, who wants to play a well-de i 
producing new therapeutic products for clinical use. 


Microbial Screening Section 


Senior Grade 
Microbiologist 
The scientist 
sponsible for: 
{i} Research, development and application of screening ‘and 
selective procedures to find new (natural or genetically 
contrived) microbial sources for therapeutic enzymes. 

(ii) Production of cell paste from promising strains for enzyme 
purification, characterisation and biological evaluation. 
(iii) Supervision of quality control tests for microbial 

tamination, 
Qualifications: Honours degree in Microbiology or Biochemistry 


and a wide experience in microbiological research. Experience in 
fermentation technology would be an advantage, 





































appointed will be head of this section and re- 


con- 


Process Development Section 


Biochemist or Chemist 


The successful candidate will be appointed as a Basic Grade 
Microbiologist and will be responsible for: 

(i) Development of processes for the purification of microbial 
enzymes and other proteins to the requirementa of the 
Medicines Act. 

{ii} Research into many problems related to the manufacture of 
pharmaceutical products. 

Gii) Characterisation of enzymes with respect to substrate 
specificity and stability after storage and freeze-drying. 
Qualifications: Honours degree in Biochemistry/Chemistry and 
preferably at least three years experience in protein fractionation 
and enzymology. 


Protein Chemistry Section 


Biochemist or 
Pharmacologist 


The successful candidate will be appointed as a Basie Grade 
Microbiologist and will be responsible for the following research 
programme. 

(i) Investigation into the effects of chemical modification on the 
biochemical and biological properties of proteins with a view 
to improving the efficacy of therapeutic products in man. 
(ii) Design and operation of a wide variety of animal tests for the 

evaluation of therapeutic products. 

Qualifications: Honours degree in Biochemistry/ Pharmacology and 
preferably at least three years postgraduate research experience. 


Therapeutic Enzymes Section 


Biochemist or Chemist 


The successful candidate will be appointed as a Senior Medical 

Laboratory Scientific Officer and will be responsible for: 

(Ð Large-scale purification of Asparaginase and other microbial 
products from cell extracts. ; l 

Gi) Development and performance of quality control tests to 
comply with the requirement of the Medicines Act. 

Qualifications: University degree or HNC in Biochemistry or 

Applied Biology or Chemistry and experience in protein chemistry 

and separation techniques, 


Service Board. __ 





development. The manufacture of hurnan growth hormone will begin shortly and a capability is peet ¢ 
for the large-scale freeze-drying of pee es in vials. The Posts described below’ are likely to suit 
ined and worthwhile role in a team that has the common purpose of 


Public Health Laboratory 





developed 


Analytical Chemistry Section 
Two posts for _ E 
Chemists or Biochemists 


The Senior post will Be filled as a Senior Medical Laboratory 

Scientific Officer. The successful candidate will be responsible for: 

(i) Organising and conducting analysis of amino acids, trace 
metals, enzymes and a wide variety of other substances. 

(ii) Compiling documents relating to the quality control of 
materials used for the manufacture of therapeutic products. 

(iii) Developing rapid methods for assay of enzymes and | 
hormones, 

Qualifications: University degree in Chemistry or Biochemistry or 

F.I.M.L.S. and several years experience in analytical work. : 

The second post in this section will be filled as a Medical Lab- 

oratory Scientific Officer. The successful candidate will be re- 

sponsible for the operation of a wide variety of analyses in 

biological samples. 

Qualifications: HNC {or equivalent) and preferably some ex- 

perience in biochemical or clinical analysis. 


Central Services Section 
Senior Medical Laboratory 
Scientific Officer 


The successful candidate will be responsible for: 

(i) Organisation of services for the Therapeutic Products Lab- 
oratory, 

(ii) Preparation of sterile areas for aseptic operations. 

(ili) Organisation and operation of  sterile-filtration 
therapeutic products. 

(iv) Organisation of quality control tests on finished clinical - 
products and the packaging of vials for distribution. 

(v) Management and training of Ancillary workers. 

Qualifications: F.I.M.L.T. or the equivalent and experience in 

medical (or pharmaceutical) laboratory practices. We are looking 

for someone who is sufficiently versatile and well-organised, to 

execute a wide range of operations used din pharmaceutical 

manufacture. 


Human Proteins Section 


Medical Laboratory 
Scientific Officer 


The successful candidate will provide technical assistance for: 

(i) Purification of Human Growth Hormone for clinical use. . 

(ii) Research and development work on other human proteins. . 

(iii) Quality control tests involving protein separation techniques 
and immuno-assays. 

Qualifications: HNC (or equivalent) in Applied Biology or Bio- 

chemistry or Chemistry. 


Freeze-Drying Section 


Medical Laboratory 
Scientific Officer 


The successful candidate will provide technical assistance for: 
(i) Small- and large-scale freeze-drying of pharmaceutical products 
such as enzymes and vaccines. . 
(ii) Operation and maintenance of: freeze-dryers and 
scientific instruments. i 
(iii) Experimental freeze-drying of new products involving bio- 
physical characterisation. 
Qualifications: University degree or HNC (or equivalent) in 
Chemistry, Physics or Applied Biology. Some mechanical aptitude 
would be an advantage. DR z . 


of bulk 


related 


If any candidate should require further details of the above posts they should contact Dr J. E. Benbough, Deputy Director, Therapeutic 
Products Laboratory (dmiston 610391) and he will be pleased to arrange visits to C.A.M.R. by candidates. l 

Applications to Mr Paul Murphy, Centre for Applied Microbiology and Research, Porton Down, Salisbury, Wiltshire SP4 OJG. 
N.H.S. terms and conditions of service will apply to all these posts. - A l 


Salary Scales: 
Senior Grade Microbiologist ............ Secs peices tha A bgt a ees Caen bes £5,451 to £6,837 
Basic Grade Microbialogist (with honours degree Ist or 2nd class) oulaas.. £3,486 to £4,899 
Senior Medical Laboratory Scientific Officer .....0...0.c.cccccceucccescerseescenveenecses £4,347 to £5,769 
Medical Laboratory Scientific Officer ...0...00.cccccscceececveeecuseereees E tee .. £3,261 to £4,680 
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FACULTY OPENINGS 


existatthe | 
Higher Institute of 
-= Technology (Brack) 


Socialist Peoples Libyan 


Arab Jamahiriya 


in: 
ENVIRONMENTAL TECHNOLOGY 
DEPARTMENT 


Applied Statisticlan/Biometrician: M.Sc., Ph.D, 
to teach basic statistics applied to biology, ecology 
and medicine. | 


Analytical Chemist: M.S., Ph.D., Teaching and 
ractical experience in general analytical and 
instrumental methods, or experience in water or 

environmental analysis. 


Environmentalist: M.S., Ph.D., In environmental 
studies and geographical aspects. Teaching and 
practical experience required. 


Ecologist: M.S., Ph.D., Experience in warm 
climates preferred. interest in field work is essential. 


Environmental Engineer: M.Sc., Ph.D., or 
Engineering Degree. To teach environmental 
engineering relevant to a developing country. 
Teaching and practical experience in “warm” 
climates is an advantage. 


Technologists, Techniclans/Demonstrators: 

1. With degree or extensive experience in 
preparing and teaching ecology laboratory 
practicals. Knowledge of electronics is helpful. 


2. Experience in analytical chemistry and 
instrumental methods of analysis. Environmental 
_ Microbiologist with Water, Soil and Air analysis 
experience.. 


- Medical Technology Department 


Hematologist - Serologist: M.S., Ph.D. or Certified 

Medical Technologist. To teach Hematology and 

peal he Teaching and practical experience 
esired. 


Demonstrators, Technologists, Technicians: For 
teaching laboratory in Biochemistry, Clinical 
Chemistry, Hematology and Medical Microbiology. 


Food Technology Department 
Lecturers 
Food Analytical Chemist: M.Sc., or Ph.D. with 


i teaching and practical works experience. 
. Food Nutritionist: B.Sc., or M.Sc., with teaching 


and laboratory experience. 


Technologist/Demonstrator and 2 Technicians: 
B.Sc./HND or equivalent qualifications for 
laboratory demonstration. 


All applicants must be fluent in spoken English, the 


language of instruction. Appointments depend on 


qualifications of appointees. No age limit exists on 
applicants. Fringe benefits include tree air 
conditioned housing, medical services, 
transportation and terminal gratuity. 


Applications should be addressed to: 

The Dean 

Higher institute of Technology 
Lyster- Campus, Hal-Far, Malta. waa 


Centre for Applied. Microbiology & Research D 


Porton Down 
Special Pathogens Reference Library 


Top Grade 
Microbiologist - 


Applications are invited from Scientists/Muicro- 
biologists with an appropriate higher qualification 
for this post. The laboratory is concerned with the 
diagnosis of severe human microbial infections, 
particularly those caused by viruses such as Lassa, 
Marburg and Ebola. It is also actively concerned 
with research on such viruses and the diseases they 
cause. Experience in the handling of dangerous 
pathogens and of work in high containment lab- 
oratories will be an advantage. 


Salary on NHS Top Grade Biochemist/Physicist 
scale (£8,877 to £10,347). Other terms and con- 


ditions of service generally as for appointments in 
the NHS. 


The laboratory may be visited by arrangement with 
the Director, Dr D. I. H. Simpson. Telephone 
0980-610391. 


Full details of this post may be obtained from Mrs 
M. Bushby, Centre for Applied Microbiology & 
Research, Porton Down, Salisbury, Wilts SP4 0JG, 
to whom applications together with curriculum 
vitae, stating date of birth, qualifications, experi- 
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LS 


AUSTRALIAN NATIONAL 
UNIVERSITY 
John Curtin School of 


Medical Research 
DEPARTMENT OF 
PHARMACOLOGY 


RESEARCH FELLOW 


Applications are invited for 
appointment to the above-mentioned 
post. The successful applicant will be 
expected to pursue research under the 
general direction of Professor D. R. 
Curtis. into synaptic mechanisms wifh- 


in the mammalian central nervous . 


system at a cellular level, and to be 
familiar with the relevant anatomical, 
biophysical, and. pharmacological 


techniques. Further information may — 


be obtained from Professor Curtis, in 
the University. 

Appointment will be for two years 
in the first instance with the possibility 
of extension to a maximum of five 


years. l 
CLOSING DATE: JUNE 15, 1979. 
Salary on appointment will be ac- 


cording to qualifications and éxperi- 
ence within the range: SA15,786 to 


$A20,606 per annum. Present exchange 
rates are SAI : 56p. 

Reasonable appointment expenses 
are paid, 

Superannuation benefits are available 
for applicants who are eligible to. 
contribute. Assistance with finding 
accommodation is provided for an 
appointee from outside Canberra. 

. The University reserves. the right 


not. to make an. appointmént or to . 


make an appointment by invitation 
at any time. 


$ 


_ Prospective applicants should obtain 
-the. further particulars, from the | 
Association of Commonwealth Univer- 


sities (Appts), 36 Gordon Square, 
London WCIH OPF. 630(A) 


ence and published work, and naming 3 
referees should be sent to arrive not 
later than May 18, 1979. 602(A) 


Public Health Laboratory 
Board. 








UNIVERSITIES OF 
MANCHESTER AND 
LIVERPOOL 


Universities Research Reactor 
Risley, near Warrington 


EXPERIMENTAL OFFICER 


(Assistant Analyst) 
IN THE ACTIVATION ANALYSIS 
SER VICE 


Applications are invited for the post 
of EXPERIMENTAL OFFICER (AS- 
SISTANT ANALYST) in the Activa- 
tion Analysis Service of the Univer 
sities Research Reactor. The successful 
candidate will be expected to plan and 
carry out trace element analysis of a 
wide range of materials submitted to 
the Service by Industrial and Univer- 
sity research workers. The techniques 
usually involved are those of thermal 
neutron activation; other radio- 
chemical techniques are used when 
necessary, Facilities available include 
the 300kW nuclear reactor on the site, 
a fully equipped Radiochemical Lab- 
oratory, comprehensive. detection and 
nucleonic equipment. Candidates 
should have a sound knowledge of 
inorganic chemistry; experience in 
inorganic atialysis “or radiochemistry 
would be an: advantage, together with 
at least pass degree or equivalent in 
chemistry. Salary range: £3,384 to 
£5,604 per annum (under review) 
U.S.S, Particulars. and application 
forms (returnable by May 25) from 


the Registrar, The University, Man- 


chester M13 9PL Quote ref: 92/79/N. 
666(A) 


Bike. 
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Administrative 


Scientists 


Appointments for 


Science graduates interested in a career in research administra- 
tion-——-giving opportunities to be involved with the latest 


developments in medicine and biology-~are invited to apply for 
appointment as a Scientific Administrative Officer in the 
Council's London office. The Council has an annual budget of 
some £60m and is the main government agency for promoting 


medical research. 


The successful candidate is likely to be aged between 30-40, 
with some experience both of biomedical research at a post- 
doctoral level and of administration, and with broadly informed 
interest in science and medicine. The job carries key responsi- 
bility for day-to-day liaison between the Council and research 
workers, both in the Council's own research establishments and 


in Universities, Medical Schools, 


institutes. 


Hospitals and Research 


The Council’s headquarters staff are appointed on terms and 
conditions analogous to those of the Civil Service. Subject to 
satisfactory completion of a 2 year probationary period, the 
appointment will be permanent. The salary scale (Principle 
Scientific Officer grade) offered is £6,609 to £8,461 (currently 
under review) plus £524 London Weighting with super- 
annuation provision ; and there is opportunity for promotion. 


Further information and application forms may be obtained by 


writing or telephoning to Miss Margaret Gale, 


Research Council, 20, Park 
Crescent, London WIN 4AL 
(01-636 5422 Ext. 35); the 
closing date for applications 
is May 14,1979. 


UNIVERSITY OF THE 
WEST INDIES-—-TRINIDAD 


Applications are invited for the 
following posts:-— 


LECTURER/ ASSISTANT 
LECTURER BIOCHEMISTRY 
DEPARTMENT OF BIOLOGICAL 
SCIENCES with interest and training 
in Nutrition, Chemical Microbiology, 


Plant Biochemistry or Natural 
Products. 

LECTURER/ ASSISTANT 
LECTURER SOIL PHYSICS 
DEPARTMENT OF SOIL SCIENCE 
with experience and interest in 
applied aspects of soil water relations, 
tillage, drainage, irrigation and land 

reclamation. 

RESEARCH FELLOW/ 
JUNIOR RESEARCH 
FELLOW (two posts) 

DEPARTMENT OF SOIL SCIENCES 
with postgraduate qualification in Soil 
Physics or Agricultural Engineering 
and interest in management of clay 
soils for production of annual food 
crops. Appointee may be stationed in 
Guyana. 

Salary scales (1977/8 under review) 
Lecturer/Research Fellow--TT$19,071 
to TT$29,799 per annum. Assistant 
Lecturer/Junior Research Fellow-—~ 
TT$15,480 to TT$16,974 per annum 
(£1 sterling equals TT$5.02). F.S.S.U. 
Unfurnished accommodation if avail- 
able at 10 per cent or furnished at 124 
per cent or housing allowance of 20 
per cent or pensionable salary. Family 
Passages. Study and Travel Grant. 
Detailed applications (two copies) with 
curriculum vitae and naming three 
referees to Secretary, ULW.L, 
St Augustine, Trinidad, as soon as 
possible. Applicants resident in the 
U.K. should also send one copy to 
Inter-University Council, 90/91 
Tottenham Court Road, London WIP 
IDT. Further details may be obtained 
from either address. 6O7CA) 


Peas 


Medica! 


MRC 


Medical Research Council 


680(A) 


UNIVERSITY OF 
HONG KONG 


LECTURESHIP/ 
ASSISTANT LECTURESHIP 
IN BIOCHEMISTRY 


Applications are invited for the post 
of Lecturer/Assistant Lecturer in Bio- 
chemistry. Applicants from any field 
of research endeavour will be con- 
sidered; experience in immuno- 
chemistry or in teaching dental! 
Students will be an advantage, but is 
not essential, 


Annual salaries (superannuable) are: 
Lecturer HK$63,540 by 4,260 to 72,060 
BAR 76,320 by 4,260 to 106,140: As- 
sistant Lecturer HK$46,260 by 4,320 
to 59,220. (£1 = HK$10.70 approx), A 
medically-qualified appointee who has 
completed his pre-registration year 
will be appointed as a Lecturer at the 
minimum point of the scale. Starting 
Salary will depend on qualifications 
and experience. 


At current rates, salaries tax will 
not exceed 15% of gross income, 
Housing at a rental of 74% of salary, 
education allowances, long leave and 
medical benefits are provided. 


Further particulars and application 
forms may be obtained from the As- 
sociation of Commonwealth Univer- 
sities (Appts), 36 Gordon Square, 
London WCIH OPF, or the Assistant 
Secretary (Recruitment), University of 
Hong Kong, Hong Kong. 


Closing date for 


applications is 
» 1979, 


672(A) 


UNIVERSITY OF MAINE 


With the establishment of the Center for Marine Studies, the University of Maine 
is placing priority emphasis on the development of a strong, competitive 
research and graduate education pragram in marine resources, Nominations and 
applications are invited for the following positions. 


CHAIRPERSON 
DEPARTMENT OF OCEANOGRAPHY 


The Oceanography Department, a graduate department offering M.S. and Ph.D, 
degrees, is primarily housed at the University’s marine laboratory at Walpole 
Maine. it currently has a faculty of B. Present research activities include ecology 
of sub-boreal estuarine organisms, environmental biology and geochemistry, 
aquaculture and geological oceanography. 


Responsibilities: 


to serve as chief administrative officer, and develop a coordinated research program in 
physio-chemical estuarine processes, 


Qualifications: 

(1) innovative leadership and administrative capability, 
(2) continuing scholarly achievements, 

(3) evidence of consistent success in funded research, 
(4) earned doctorate, 


Academic appointment as Associate or Professor, tenure track. Salary open within 
University constraints. 


FISHERIES POPULATION DYNAMACIST 
DEPARTMENT OF ZOOLOGY 


The Zoology Department, with a current faculty of 18, is primarily housed on the 
Orono campus, and includes the Cooperative Fisheries Unit. Ten of the faculty 
have research interests in marine or freshwater biology. 


Responsibilities: 
to develop a graduate education and research program on population dynamics of fishes. 


Qualifications: 
{1} earned doctorate, 
(2) additional professional experience in marine fisheries biology desirable, 


Academic appointment as Assistant Professor, initially one year with probability 
of additional 2-4 year University commitment. 


MIGRATORY FISH BIOLOGIST 
MIGRATORY FISH RESEARCH INSTITUTE 


The Migratory Fish Research Institute is an interdisciplinary group of primarily 
Zoology faculty whose research interests focus on the biology of migratory 
fishes. 


Responsibilities : 


to collaborate in research on oceanic and estuarine migrations of larval and juvanile eals, 
and to assist in research proposal development. 


Qualifications: 

(1) samed doctorate, 

(2) training and experience in fish migration and orientation preferred, and, 

(3) marine background or orientation. 

Research appointment, initially one year with probability of second year 


continuation and possibility of third year depending on extramural program 
funding. 


MARINE STATION 
ADMINISTRATIVE OFFICER 


The lra C. Darling Center is the marine laboratory of the University of Maine. itis 
located on a 152 acre site on the Damariscotta estuary and includes Lowe's 
Cove. The facility comprises 10,000 square feet of laboratory and teaching 
space, including an Aquaculture Center, a developing conference center, a 
library, dockside facilities, and a fleet of small vessels. 


Responsibilities: 
to serve as the Chief Administration officer of a semi-isolated marine facility in support of 
educational and research programs, to be responsible for budget development and con- 
trol, and for an expanding promotional/developmental activity, 
Qualifications: 
{1} extensive administrative experience, 
{2} evidence of ability to communicate effectively with the public, and, 
(3) experience in sea-oriented organisation including logistics, desirable. 
Salary $16,000 to $18,060. 
Applicants should send complete resumes, samples of publications, and names 
of three referees, by May 15.1979, to: 
Secretary, Search Committees 
Center for Marine Studies 
Room 14, Coburn Hall 
University of Maine at Orono 
Orana, ME 04469 U.S.A, 
The University of Maine is an Equal Opportunity/Affirmative Action Employer. 
WSS CA) 
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Pharmacological Research — 


The Pharmaceutical Division of Reckitt and 
Colman —a rapidly growing research-based unit 
requires scientists to consolidate and further expand 
its already successful biological research teams. 

Our analgesic, immuno-inflammatory and 
CNS research teams have already achieved 
considerable success and have been associated 
with several recent therapeutic successes (e.g. 
buprenorphine, etorphine, diprenorphine, 
fenclofenac and sodium valproate). To continue and 
extend these successes we intend to expand our 
biological research teams in all of these projects. 

In addition, the increasing demands by drug 
regulatory authorities around the world has also 
necessitated the enlargement of the pharmacological 
development teams concerned with the acute safety 
and endocrinological effects of prospective drugs. 


Such expansion will present several types of 
opportunities to prospective candidates:- to post- 
doctoral scientists with specialist experience either 
in academia or industry and leadership ability and 
also to newer graduates with a minimum of good 
honours degree and a sound knowledge of pharma- 


cological principles. 


The importance Reckitt and Colman continue 
to attach to pharmaceutical research will be reflected 
in the salaries offered with these appointments. 
Contributory pension and bonus schemes are in 
operation. For an application form or for further 
information concerning these appointments please 
write in complete confidence to: 

Miss N. V. McGeown, Personnel Officer, 
Reckitt and Colman Pharmaceutical Division, 


Dansom Lane, Hull HU8 7DS. 


Reckitt & Colman 






















Zurich 


The Swiss Federal Institute of Technology in Zurich 
has an opening for the 


Chair of Applied Microbiology 


The new professor is responsible for teaching and 
research in biotechnology, especially in its application 
to biologically mediated processes in natural aquatic 
systems and continuous fermentations with mixed 
microbial biocenoses such as in water and waste 
treatment plants. It is desirable that the applicant be 
ready to act as a head of the department of biology of 
the Federal Institute for Water Resources and Water 
Pollution Control associated with the Swiss Federal 
Institute of Technology. 


The successful applicant should have several years of 
relevant experience and proven ability to perform and 
direct research. He will be expected to teach, at both 
undergraduate and graduate levels, and to cooperate 
with various research groups. 


Applications, with curriculum vitae and list of publi- 
cations, should be sent by May 31, 1979, to Prof. 
H. Ursprung, President, Swiss Federal Institute of 


Technology, CH-8092 Zurich. 
wa7(A) 


UNIVERSITY OF FRIBOURG 
Switzerland 


Applications are invited for the post of 


PROFESSOR OF 
ORGANIC CHEMISTRY 


eventually serving as well as head of 
department of organic chemistry. The 
department has three full professors 
and around 20 graduate students. 
Teaching languages are French and 
German. Salary is according to gov- 
ernment scale, 


Applications with detailed curri- 
culum, a complete list of publications 
and copies of the most important 
publications are to be sent before 
June 15, 1979 to F. P. Emmenegger, 
dean of the Faculty of Science, Uni- 
versity of Fribourg, Pérolles, CH-1700 
FRIBOURG, Switzerland. 

W97(A) 





PROFESSORSHIP IN 
MOLECULAR GENETICS 


Seeking individual for Professor- 
ship in Molecular Genetics. Individual 
must be established investigator for 
research and teaching in molecular 
genetics, 


Position in Cancer Centre with 
broad laboratory research programs 
including cellular genetics and de- 
velopment, tumor immunology, viral 
oncology, and chemical carcinogenesis. 


Salary negotiable dependent on level 
of experience and academic rank of 
applicant. Send curriculum vitae and 
inquiries to: Chairman, Molecular 
Genetics Professor Search Committee, 
Cancer Center/Institute of Cancer 
Research, Columbia University, 70! 
West 168th Street, New York, New 
York 10032. 


An Equal Opportunity Employer. 
W96(A) 


OTT A} 


UNIVERSITY OF OTAGO 
Dunedin, New Zealand 
WOLFF HARRIS CHAIR 
OF PHYSIOLOGY 


The University Council invites 
applications from medical or science 
graduates for appointment to the 
Wolff Harris Chair of Physiology, at 
present occupied by Professor J. R. 
Robinson who is retiring at the end 
of the year. 


Professorial salaries which are 
regularly reviewed, are paid within 
the following ranges:-—- 

Medical NZ$30,365 to NZ$33,865 
per annum 


Science NZS$23,865 to 
per annum. 

(Both rates inclusive of NZ$365 per 
annum cost-of-living allowance). 

Further particulars. are available 
from the Secretary General, Associ- 
ation of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF. or from the Registrar ol 
the University. 

Applications close on June 30, 1979 

611{A) 


NZ$29,865 





MEMORIAL UNIVERSITY 
OF NEWFOUNDLAND 
Canada 
POSTDOCTORAL FELLOW 
DEPARTMENT OF 
BIOCHEMISTRY 
Applications are invited, with twt 
letters of reference for the position © 
Postdoctoral Fellow to work on thi 
structure of fish antifreeze proteins 
mechanism of action, biosynthesis ant 
the control mechanism of these pro 


teins, effective April 1, 1979, unde 
the terms of M.R.C. of Canada 
Salary is $12,050 first year, $13,353 


second year. The above research wil 
be carried out at the Marine Scienc 
Research Laboratory. Write to D 
Choy-L. Hew, Department of Bio 
chemistry, Memorial University c€ 
Newfoundland. St John’s, Newfound 
land AIB 3X9, Canada. 612(A) 
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British Museum (Natural History) London 


Entomologists 


The British Museum (Natural! History) is an institution for 
taxonomic research and an educational focal point for the 


public. The main aim of the research is to produce definitive 


accounts of the world’s animals, plants and minerals as 
well as the presentation of an extensive collection of fossils. 
These posts are in the Department of Entomology which 
contains the largest and most comprehensive collection of 
insects in the world and offers successful candidates 
unrivalled research opportunities and facilities. 


Medical Insect Studies 


The successful candidate will supervise and participate in 
taxonomic research on one or more families of medically 


important Diptera and become a specialist adviser on 
mosquitoes. The work will also involve improving 
and maintaining the national collection of 


medical insects. 


Candidates, normally aged under 32, 
should have a good honours degree or 
equivalent in zoology, preferably with 
entomology. At least 2 years’ relevant 
postgraduate experience is essential. 


Appointment as Senior Scientific 
Officer (£5,675 to £7,420) or Higher 
Scientific Officer (£4,620 to £5,970) 
according to qualifications and 
experience. Salaries under review. 
Promotion prospects. Non-contributory 


pension scheme. 








AGRICULTURAL 
RESEARCH COUNCIL 


Weed Research 
Organization 


DEVELOPMENTAL 
BOTANY GROUP 


SCIENTIFIC OFFICER 


Applications are invited for a 
Scientific Officer to assist in a research 
team led by Dr Daphne J. Osborne, 
which is engaged in physiological, 
biochemical and ultrastructural studies 
relating to crop-weed associations. 


These include ceHular events in 
seed dormancy, viability and germina- 
tion, effects of stress, control of 
meristem: growth and shedding of 
plant parts. 


The duties of the post will be 


mainly concerned with electron 
microscopy. 
Candidates should possess an 


honours degree, H.N.C. or equivalent 
in a biological subject with relevant 
post qualifying experience. 


Appointment as Scientific Officer in 
a scale rising from £2,839 to £4,415 
by 12 annual increments, Starting 
salary will depend on qualifications 
and experience. 


Further particulars and application 
forms fram the Secretary, A.R.C. 
Weed Research Organization, Begbroke 
Hil, Yarnton, Oxford OXS5 IPF, 
quoting Ref. 13/79, Closing date May 
18, 1979, 643(A) 


number 44/6/D) should be 











THE UNIVERSITY 
OF LEEDS 
Department of Inorganic 
and Structural 
Chemistry 


Applications are invited for a 
temporary post of POST- 
DOCTORAL RESEARCH 
FELLOW in the above Depart- 
ment from inorganic or bio 
chemists. Candidates shouid already 
possess, or expect to receive 
within the next few months, a 
PhD. degree. Experience in 
mechanistic studies would be 
valuable, The appointee will take 
part in a project, supported by 
S.R.C., on electron transfer re- 


actions of blue copper proteins, 


fron-sulphur proteins and cyto- 
chrome c The appointment will 
be for a fixed period of either one 
or two years commencing October 
1, 1979. 

Starting salary in the range 
£3,883 to £4,382 on the 1A scale 
for Research and Analogous Staff 
(£3,883 to £6,455) (under review), 
according to age, qualifications 
and experience, 

Informal enquiries may be 
addressed in the first instance to 
Dr A, G. Sykes, Department of 
Inorganic and Structural Chemistry 
(Tel: 0532-31751, ext. 6068). 

Applications (quoting reference 
made 
as soon as possible to the 
Registrar, The University, Leeds 
LS? SIT rom whom further 
particulars may be ty 





























Taxonomic Research on Coccoidea 

The successful candidate will participate in ona 
research studies on scale insects and mealy bugs, and 
maintain and improve the Department’s collection through 
exchanges with other specialists and by collecting and 
rearing. The work will involve a great deal of microscope 
slide preparation, and some supervision of junior staff. In 
addition, the entomologist will deal with enquiries from 
other institutions and members of the public. 


Candidates, normally aged under 30, should have a good 
honours degree or equivalent in zoology, preferably with 
entomology. Relevant postgraduate experience is 
advantageous; at least 2 years is essential for Higher 
Scientific Officer level. 





Appointment as Higher Scientific Officer 
(£4,620 to £5,970) or Scientific Officer 
(£3,360 to £4,940) with starting salary 

according to qualifications and 
experience. Salaries under review. 
Promotion prospects. Non- 
contributory pension scheme. 


For further details and an 
application form (to be returned 
by May 31, 1979) write to Civil 

service Commission, Alencon Link, 
Basingtoke, Hants RG21 1JB, or 
telephone Basingstoke (02456) 68551 
(answering service operates outside 
office hours). Please quote ref: SB/54/DK. 


en 


University of London 
British Postgraduate Medical Federation 


CARDIOTHORACIC INSTITUTE 


(associated with the National Heart & Chest Hospitais} 


CARDIAC METABOLISM RESEARCH | 
| LABORATORIES 
50 Wimpole Street, London, W.1 | 


A vacancy exists fora 


RESEARCH ASSISTANT 


to assist in a project concerned with the identification and mechanism 
of beta-receptors in myocardial tissue. The project is suitable fora 
Ph.D. thesis and registration for this higher degree will be en- 
couraged. Applicants should have a degree i in Biochemistry (first or 
upper second class). Those graduating in 1979 may also apply. The 
post is offered for a maximum of three years. Starting salary £3,615 
p.a. Application forms available on request from the House Sec- 
retary, Cardiothoracic Institute, 2 Beaumont Street, London wt 
(telephone 01-486 3043). Closing date June 1, 1979. 


(This is a readvertisement and previous applicants should not 
re-apply.) 665(A) 
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CENTRAL ELECTRICITY 
RESEARCH LABORATORIES 
Kelvin Avenue, Leatherhead, Surrey, KT22 7SE 


RESEARCH OFFICER 


BIOLOGY SECTION 


The Biology Section at CERL, whose research programme includes studies of the 
environmental consequences of emissions from power stations, requires a 
graduate/post-graduate environmental scientist to undertake research on certain 
aspects of the effects of gaseous and particulate emissions (SO,, NO,, acid 
precipitation and trace elements) on terrestrial ecosystems. The deposition, 
uptake and cycling of these atmospheric species in crops and soils are being 
studied as part of a programme to assess beneficial and detrimental effects of air 
pollution on crop yield, physiological and biochemical processes in plants, and 


leaching processes in soils. 


The successful candidate will co-operate with physicists and chemists at CERL in 
the application of information about dispersion and deposition of emissions from 
power stations and in the development of techniques for studying effects on crop 
growth, involving measurements of the flux of emissions to and cycling within 
crops, and their subsequent metabolic fate. Initially, the successful candidate will 
be particularly involved in micrometeorological and flux measurements 
associated with the development of systems for fumigating crops both in growth 


chambers and in the field. 


Candidates should have an interdisciplinary background including a good 
Honours degree in Biology, Physics or Chemistry and preferably postgraduate 


experience in environmental science or meteorology. 


According to age, experience and qualifications the appointment will be 
made within incremental salary ranges rising to £6035 or £7050 plus a 
payment under a Self-Financing Productivity Scheme ranging between £8 


and £17 per month. 


The Laboratories are situated in a pleasant part of Surrey and offer attractive 
conditions of service, and facilities for the total of 800 Research and Support staff 
engaged in a broad spectrum of research into the materials, technologies and 
plant performance problems of the Central Electricity Generating Board. 


Application forms are obtainable from the Head of Personne! Development & 
Services Section, Central Electricity Research Laboratories, at the above address 
or telephone Leatherhead 74488 Ext 363 quoting reference number RL/30/N, 


Closing date is: Friday 18 May 1979. 







F. W. BENNETT 
CHAIR OF GEOLOGY 


Applications are invited for the F. W. Bennett 
Chair of Geology formerly held by the late 
Professor P. C. Sylvester- Bradley. There is 
no restriction as to the special interests of 
applicants. 


Further particulars from the Registrar to 
whom applications should be sent by 
June 15, 1979. Candidates in the U.K. 
should submit fifteen copies of their 
application (overseas candidates may sub- 
mit one copy). 669(A) 
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ANIMAL HEALTH TRUST 
SMALL ANIMALS CENTRE 


RESEARCH ASSISTANT 


to work on Duck Virus Hepatitis and 
related duck diseases. The successful 
applicant will be expected to work 
with cell culture and virological pro- 
cedures including serum neutralisation 
and immunofiuorescence. An interest 
in pathology would be an advantage. 

The post will be suitable for either 
a postdoctoral candidate or a graduate 
with relevant research experience. 
Encouragement will be given to 
register for a higher degree where 
appropriate. 

The initial appointment will be for 
three years. Initial salary up to 
£4,500 (with FSSU/USS) according to 
age and experience. 

For further information please 
contact Dr P. R. Woolcock at the 
Animal Health Trust, Small Animals 
Centre, Lanwades Park, Kennett, 
Newmarket, Suffolk CB8 7PN. Tele- 
phone: Newmarket (0638) 750543. 
Applications to include full cur- 
riculm vitae and the names of iwo 
referees to be sent to The Director, 
Animal Health Trust, Lanwades Hall, 
Kennett, Newmarket CB8 7PN, by 
June i, 1979. 

675(A) 


MEDICAL 
RESEARCH COUNCIL 
LABORATORY ANIMALS 

CENTRE 
RESEARCH OFFICER 

The Director’s research programme 
is primarily concerned with an evalua- 
tion of the advantages which accrue 
from the use in research of specific 
pathogen free animals, in particular 
the cat. A person in the Research 
Officer category is required to assist 
the Director in this programme. Op- 
portunities will occur for collaborative 
work with other departments in the 
Centre, which cover the whole spec- 
trum of Laboratory animal science. 

The Successful applicant will have a 
degree or equivalent in a biological 
science, and at least two years rele- 
vant research experience. Salary will 
be related to age, qualification and 
experience and is supplemented by £354 
London Weighting. Contributory pen- 
sion scheme. 

Applications, together with a copy 
of curriculum vitae and the names of 
two professional referees, should be 
addressed to The Director, MRC 
Laboratory Animals Centre, Wood- 
mansterne Road, Carshalton, Surrey, 
SM5 4EF. S61{A) 


MRC 


Medical Research Council 





UNIVERSITY OF 
SOKOTO, NIGERIA 
FACULTY OF SCIENCE 


Vacancies exist as follows: 
1. DEPARTMENT OF 
MATHEMATICS: 


SENIOR LECTURERS 
LECTURERS 


Foundation of Mathematics, Abstract 
Algebra. Probability Theory and 
Information Theory, Theoretical 
Mechanics. 


2. DEPARTMENT OF PHYSICS: 
for PROFESSOR, 
SENIOR LECTURER 


and ASSISTANT LECTURER 


SALARIES: Professor, N#1,268 te 
N12,420; Senior Lecturer, N7,764 te 
N8,724; Lecturer I, N7,104 to N7,752 
Lecturer JI, N5,460 to N6,432 
Assistant Lecturer, N4,368 to N5,340 
N.B.: Nil=approx. 79p. 

Interested candidates should appl 
for further details to: 

Principal Assistant Secretary 
{Recruitment} 
Nigerian Universities Office 
180 Tottenham Court Road 
London WIP 9LE 

661(A) 





DEPARTMENT OF 
BIOPHYSICS 
King’s College London 
POSTDOCTORAL 
RESEARCH ASSISTANT 


Postdoctoral position supported 
by the M.R.C. is available from 
June 1, 1979, to collaborate with 
Dr H. J. Gould on the molecular 
cloning and analysis of human im- 
munogiobulin genes. 

Starting date not later than Sept- 
ember 1, 1979. Salary £3,883 to 
£6,555 p.a. plus London weighting. 

Applications, with curriculum 
vitae and names of two referees, 
should be sent to Dr H. J, Gould, 
Department of Biophysics, King’s 
College, 26-29 Drury Lane, Lon- 
don WC2B SRL. 626(A) 
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- TheAgricultural Products Research 


and Development Division of Pfizer 
Central Research at Sandwich, 
Kent, is expanding its capability to 
conduct opinion leader and field 
trials throughout Europe (inc- 
luding U.K.) with animal health and 
performance enhancing products. 


Applications are invited for the 
new position of European Field 
Trials Manager whose work will 
embrace both the planningand per- 
sonal supervision of such field trial 
programmes in the broad animal 
health products area. 


His or her work will cover both 
development projects with new 
product candidates and market 
support programmes designed to 


extend the applications and accept- 


ance of existing Company products. 


The technical spheres involved 
include animal performance en- 


“hancement in its several guises 


and the broad anti-infective range 
of antibacterials, anthelmintics 
and ectoparasiticides. 





R. G. MULHERN, Director, Research Personnel 
Ramsgate Road, SANDWICH, Kent CT13 9NJ 
or telephone 03046 3511 extension 241 for an application form. 





The successful candidate will work 


closely with R and D colleagues in 
relevant scientific disciplines and 
departments, particularly at the 
planning stage, and will personally 
implement agreed trial pro- 
grammes in the field. He or she 
will be based at Sandwich, and will 
spend some 50 per cent of work- 
ing time in the field, mostly in 
Continental Europe. 


We are seeking a Veterinarian or 
other suitably qualified individual 
in the late 20s to early 40s age 
range, with drug development 
field trials experience, fluency in 
at least two European languages 
(one of them English) and, prefer- 
ably, existing appropriate field con- 
tacts for trial work on commercial 
premises and at expert’ locations. 


As well as technical suitability, 
initiative and enthusiasm, the 
personal qualities required are 
those appropriate to effective 
interaction with a variety of col- 
iaborators in Europe both within 


aa 


THE. UNIVERSITY OF MAN- 
































and outside the organisation, and 
the overall reliability and ambas- 
sadorship essential to operating 
in part away from home base. 


This post will attract a high salary, 
reflecting both the breadth of 
responsibility and geographical 


Scope of the duties. A car will be 


provided. The Company is situated 
in rural and coastal Kent with many 
local recreational amenities. We 
offer generous conditions of em- 
ploymentincluding bonus, pension, 
death benefit and salary contin- 
uance schemes, flexible working 
hours and an excellent Sports and 


-Social Club. 


This new appointmentis an import- 
ant one in Pfizer's expanding pro- 
gramme of Agricultural Products 
Research and Development. If you 


have the qualifications, qualities . 


and experience necessary to make 
a significant contribution to our 
operations, please send a brief cur- 
riculum vitae, which will be treated 
in the strictest confidence, to: 


, Pfizer Central Research, 


SOHA) 
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BRUNEL UNIVERSITY 
LECTURESHIPS 
IN THE SCHOOL OF BIOLOGICAL 
SCIENCES 


i. Applications are invited for a 
lectureship in the Department of 
Applied Biology. An interest in 
teaching and research in the general 
field of Eukaryote Genetics will be 
a decided. advantage. 

L Applications are invited for “a 
lectureship in the Department of 
Biochemistry. it 3 
The salary for both posts will be 

on the Lecturer scale. £3,883 to. £7,754 

plus £502 London Allowance. l 

_ Write for application -form and 

further details for both- posts to the 

Assistant Secretary (Establishment), 

Brunel University, Uxbridge, Middle- 

sex UBS 3PH or telephone Uxbridge 

37188 extension 49. Closing date: 

May I8, 1979, 


. tasks. Candidates 


CHESTER, Department of Medical 
Biochemistry. ho RESEARCH TECH. 
NICIAN (Grade 4) required to work 
on the biochemistry of connective 
tissues, This position, financed by the 
Arthritis and Rheumatism Council, is 
available to the end of March 1981. 
Applicants should have H,N.C. or 
equivalent and at least 8 years experi- 
ence in blochemistry, Familiarity with 


tissue. culture. techniques would be an 


advantage. Salary scale £3,474 .. to 
£4,056 per annum. 2, TECHNICIAN 
(Grade. 4) required for a variety of 
should have an 
GMC. and several years relevant 
laboratory experience. A. knowledge 
of centrifugation woulki be an ad- 


. Vantage. Salary scale £53,222 to £3,708 
per annum. Applications for — 
l posts (please specify which) should 


these 


include details of age, experience and 
qualifications - and the name and 
address of two referees and be sent 
to the Secretary, o Den«rtment of 
Medical Biochemistry, University of 
Manchester Medical School, Man- 
chester M13 SPT, G68( A} 


Committee, Room 407, First. 


SCIENTIST 


to wark on 


MOTION SICKNESS 


at the Institute of Naval Medicine, Alverstoke, Hants, with sup- 
port administered by the MEDICAL RESEARCH COUNCIL In a. 
3 year project. The appointee will be of postdoctoral status pre- 


ferably with some experience in physiology and/or pharma- 


cology. Medical qualifications and/or experience of working 
with human subjects advantageous. 

Salary according to qualifications, experience and age, in the 
range; £4,600 to £6,500. | “4 : 
Further particulars from the | 
Assistant Secretary, Royal 
Naval Personnel Research | 








Avenue House, 40-48 High 
Holborn, Londen WCIV6HE. anaa 
= Council 


667(A) 
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Hoechst — one of the largest pharmaceutical companies in the 
worid, with an active international research and development 
programme — are expanding their drug discovery programme 
at their research laboratories at Milton Keynes, Bucks, andare | 
seeking a number of organic chemists to join project teams within 
the department of synthetic organic chemistry. 


Candidates should have a real interest in all aspects of 
synthetic chemistry and be able to apply their innovative and 
practical skills to medicinal chemistry and the syntheses of 
compounds for biological testing. For these challenging new 


posts applications are invited from: 


PhD Chemists with up to two years’ post-doctoral experience 


in synthetic organic chemistry. 


Graduates (BSc, GRIC) with up to three years’ relevant 


industrial experience. 


People who expect to graduate with a relevant first or 


higher degree this year. 


These appointments carry good salaries, with at least four 
weeks holiday a year. Benefits include flexible working hours, 
free private health scheme, subsidised restaurant meals, excellent 
sports and social facilities. Generous relocation assistance will 


be provided if applicable. 


Please write or telephone for an application form to: 
Mr. A. Forrest, Personnel Department, Hoechst UK Limited, 
Walton Manor, Walton, Milton Keynes, Bucks. Tel: Pineham 5068. 






= THE DISTILLERS COMPANY LIMITED 
RESEARCH CHEMIST 


We have a vacancy for an honours graduate in chemistry, 
aged 24 to 29, with experience in chromatographic methods, 
preferably as applied in’ food, beverage or flavour analysis. The 
successful candidate will be expected to develop methods of 
analysis for constituents of portable spirits and will have the 
best facilities to adopt his/her analytical expertise to solving 
problems which arise in spirit manufacture. — 


The company runs well equipped laboratories in pleasant 
surroundings. A non-contributory pension scheme is operated 
and assistance can be given with removal expenses. 


__ For further information and an application form write, with 
brief details of career to: Dr R. E. B. Duncan, Manager, The 
Distillers Company Limited, Glenochil Research Station, 


61481, 


MENSTRIE, Clackmannanshire. Tel: Alva (0259) 
| l Ea i 678(A) 





Hoechst 
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UNIVERSITY OF 
MANCHESTER 
DEPARTMENT OF PHYSICS 
RESEARCH ASSISTANT 


Applications are invited for the 
above post, supported by the SRC un- 
der an agreement with the Daresbury 
Laboratory. The successful applicant 
will be responsible for the commis- 
sioning of a large Nal total-energy 
y-ray spectrometer and for the con- 


truction and testing of gas ionization 
and gas scintillation detectors to be 
used in the nuclear physics experi- 
mental programme at the Daresbury 
Nuclear Structure Facility. Candidates 
should have a good honours degree in 
physics and should possess the necessary 
attitude for pursuing a programme of 
apparatus development. Consideration 
will be given to candidates graduating 
this summer. The post is tenable for 
a period ending in April 1981 at a 


salary in the range £3,384 to £4,882 


pa. Superannuation. Further informa- 
tion is available from Dr J. C. Liste, 
The Schuster Laboratory, The Uni- 
versity, Manchester, MI3 9PL, to 
whom applications and the names of 
two referees should be sent by’ June 
1, 1979/N. 604(A) 


 ‘K£2,988 to 
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< MEDICAL 
RESEARCH COUNCIL 
LABORATORY ANIMALS 
| CENTRE. = | 
' RESEARCH OFFICER 

The Centre's Accreditation Depart- 


ment manages a national scheme con- 
cerned with monitoring the quality of 


| claboratory animals of many. species 
| produced by commercial breeders and 
- suppliers, The scheme aims ‘to ensure 


that adequate standards of. housing 


‘and husbandry are maintained; it acts - 


as an information exchange on sources 
of supply: and it provides. veterinary 


| » advice to<the centre. ae 


A vacaney in the Research Officer 
category exists in the department. The 
post holder will be expected to travel 
widely in Great Britain. Applications 
are invited from persons with a degree 
or equivalent qualification in a Wolo- 
gical science, and at least two years 
research experience. Salary will be 
related to age, qualification and- experi- 
ence and is supplemented by £354 
London Weighting. Contributory pen- 
sion scheme. 

Applications, together with a copy 
of curriculum vitae and the names of 
iwo professional referees, should be 
addressed to The Director, > MRC 
Laboratory Animals Centre, Wood- 
mansterne Road, Carshalton, Surrey, 


| SMS 4EF. 


EF $62(A) 
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UNIVERSITY OF- 
. NATROBI--KENY A. 


Applications are invited for the 
following posts in the DEPART- 
MENT OF BOTANY: : 


SENIOR LECTURER 


Applicants should be ‘qualified in 
any of the following disciplines of 
Genetics: Molecular Genetics; Popula- 
tion . Genetics and .Qtantitative 
Genetics. Candidates should also. have 
Ph.D. in Botany with extensive teach- 
ing and research experience evidenced 
by published works. Appointee will 
be expected to teach undergraduate 
and poStgraduate courses and develop 
research programmes in their 
specialism. 


LECTURERS 


Applicants should be highly qualified 
with commitment to teaching and 
research in any, of the following; 1) 
Plant Physiology “and Biochemistry 
with special interest in plant growth 
and development; ii) Toxonomy 


(mainly experimental systematics, 
chemosystematics and plant geo- 
graphy); iif) Microbiology (with 


interests in mycology and/or micro- 
bial genetics; iv) Marine Botany 
(marine ecology or marine mucro- 
biology. Participation in the under- 
graduate and postgraduate courses and 
development of research programmes 
in their areas of specialisation 18 
expected, 

Salary scale: Senior Lecturer 
K£3,984 per annum, 
Lecturer KE£2,016 to K£3,312 per 
annum CK£1 equals £1.29 sterling). 
The British Government may supple- 
ment salaries in range £4,278 to £5,430 
per annum (sterling) for married ap- 
pointees and £2,730 to £3,648 per 
annum (sterling) for single appointees 
(reviewed annually and normally free 
from tax) and provide children’s 
education allowances and holiday visit 
passages. Family passages; superannu- 
ation scheme; medical aid scheme; 
various allowances, Detailed applica- 
tion (two copies) with curriculum 
vitae and naming three referees to 
be sent direct to Registrar, University 
of Nairobi, PO Box 30197, Nairobi, 
Kenya bq May 12, 1979. Applicants 
resident im the U.K. should also send 
one copy to Inter-University Council, 
90/91 Tottenham Court Road, Lon- 
don WIP ODT. Further details may 
be obtained from either sa 


O8¢( A} 
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UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF FORESTRY 


AND NATURAL RESOURCES 


Applications are invited for twa 
lecturer positions in 


(i) FOREST 
MANAGEMENT 


Gi) WILDLIFE 
ECOLOGY 


For position (i) applicants should 
have a University degree in Fores- 
try and some practical experience 
of Forest Management. Additional 
experience in a cognate field, such 
as mensuration, statistics, econo- 
mics, resource appraisal or wildlife 
management would be an advan- 
tage. 

For position (ii) applicants should 
be ecologists with some practical 
knowledge of population dynamics 
and of the physiology of verte 
brates. Additional experience in 
wildlife management would be an 
advantage, 

The successful candidates will 
become members of a Department 
covering a wide range of topics in 
Ecological Science and the manage- 
ment of renewable natural re- 
sources and will be expected to 
cooperate in teaching in integrated 
ecology courses as well as in the 
above areas: they will also be ex- 
pected to pursue, in collaboration 
with their colleagues, research on 
relevant topics. 

It is hoped that the successful 

candidates will take up the posi- 
tions on October 1, i979, Salary 
scale: £3,883 to £7,754 per annum 
(under review), 
Applications (three copies) to- 
gether with the names of two 
referees should be lodged not later 
than June 1, 1979 with the Secre- 
tary to the University, Old College, 
South Bridge, Edinburgh EH8 
SYL, from whom -further particu- 
lars may be obtained. Please quote 
reference 104], SODA) 








UNIVERSITY OF 
CALIFORNIA, BERKELEY 


College of Natural Resources 


Faculty and Agricultural Experiment 
Station Fosition in the Division of 
Biological Control and Department 

of Entomological Sciences 


A position as Professor of Ento- 
nology and Entomologist in the Ex- 
riment Station will be available 
‘uly 1, 1979. Qualifications must in- 
lude a Ph.D. degree with specialisation 
n the biology, ecology, and system- 
itics of parasitoids and predators of 
irthropod pests, together with extensive 
kills and 15 years of experience in 
hese areas, and in foreign exploration 
nportation, colonisation and evaluation 
f such agents in biological contro! 
wograms. Research responsibilities 
80%) in the Division of Biological 
-ontrol will include studies in the 
ology, ecology and behaviour, and on 
oreign exploration, importation, evalu- 
tion, augmentation, and conservation 
f natural enemies of arthropod pests 
f agricultural crops and urban laut: 
ngs, and in the cooperative develop- 
nent of integrated pest management 
rograms. Teaching responsibilities 
20%) will be in the Department of 
intfomological Sciences in the area of 
iological control. Applicants should 
end full curriculum vitae, relevant 
tublications and manuscripts (official 
eadermic transcripts), and the names 
if vee persons as reference by 
une 1, 1979 to: 


L. E. Caltagirone, Chairman 
Division of Biological Contro 
University of California 
Albany, California 94706 


The University of California is an 
qual opportunity, affirmative action 
moployer. WS8S(A) 






basis. 





UNIVERSITY OF 
SIERRA LEONE 
Niala University College 


Applications are invited for the 


posts of 
PROFESSOR AND 
LECTURER 
in the DEPARTMENT OF BIO- 


LOGICAL SCIENCES 
from September i, 
will be given to 
teaching and 


tenable as 
1979, Freference 
candidates with 
research interests in 
Microbiology, Immunology and 
Generics, Salary scales -Professor 
Le8,000 to Le9,240 per 
Lecturer Led, 488R to Le6,897 per 
annum {fi sterling equals Lež 20). 
The British Government is unlikely to 
provide salary supplementation and 
associated benefits. University Super- 
annuation scheme or contract terms; 
Family passages; annual leave; car 
loan negotiated. Part-furnished accom- 
modation at reasonable rental: various 
allowances. Detailed application (two 
copies} with curriculum vitae and 
naming three referees, to be sent to 
the Secretary, University of Sierra 
Leone, Freetown, Sierra Leone by 
June 23, 1970. Applicants resident in 
the U.K. should also send ane copy 
to the Inter-University Council, 90/91 
Tottenham Court Road, London WIP 
ODT. Further particulars may be 
obtained from either address. 

&44(A) 


annum. 


The a Dareabiay eee has a vacancy in nthe 6 Cofriputational! 
Science group for a scientist with experience in 


TIONAL ATOMIC AND 





The position is at Senior Scientific Officer level. 


Closing date: 17 May 1979. 
For further information please write or telephone to the head of the 
computational science group, Dr. V. R. Saunders (Tel: (0925) 65000 Ext. 
204). Applications should be sent together with curriculum vitae and the 
addresses of two referees quoting reference number DL/672/T to: 


The Personnel Officer 


DARESBURY LABORATORY 


Science Research Council 
Daresbury, Warrington WA4 4AD 


UNIVERSITY OF THE 
WEST INDIES—JAMAICA 


Applications are invited for . the 
post of 


LECTURER/ ASSISTANT 


LECTURER 


in the DEPARTMENT OF BOTANY. 
The appointee will be required to 
teach Botany to B.Sc. level, Preference 
may be given to applicants with 
interest and teaching experience in 
Agricultural Microbielogy, Forestry or 
Horticulture. Salary Seale: (under 
review) Lecturer J$8,913 to J$13,917 
per annum. Assistant Lecturer J$7,236 
to 457,926 per annum (£1 sterling 
equals J$3.62). Family passages; 
F.S.8.U., Study and Travel Grant. 


‘Unfurnished accommodation will be 


let by the University at a rental of 
10 per cent of salary or a housing 
allowance of 20 per cent of salary is 
payable. Detailed applications (three 
copies) with curriculum vitae and 
naming three referees should be sent 
direct, as soon as possible, to the 
Registrar, University of the West 
Indies, Mona, Kingston 7, Jamaica. 
Acplicants resident in the U.K. should 
also send one copy to Inter-University 
Council, 90/91 Tottenham Court Road, 
London WIP ODT. Further details 
may be obtained from either address. 


633(A) 
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The successful applicant will be responsible for providing general support 
for collaborative computational projects involving atomic and molecular 
collisions being conducted in collaboration with the Universities, The work 
will include the development and maintenance of large computer programs 
in this area of science. Applicants should possess a Ph.D. in Physics or 
Chemistry and have relevant postdoctoral experience in computational 
atomic and molecular collisions. 


The computational science group is part of the Division of Theory and 
Computational Science. The Division has broad-ranging interests in 
theoretical and computational physics, chemistry and biological sciences. 
The Laboratory has a purpose built X-ray and U.V. source and a 30 MV 
tandem Van de Graff accelerator under construction. It also has powerful 
computing facilities including an IBM 370/165 on site and a link to two IBM 
360/195 computers at SRC Rutherford Laboratory. 
Appointments will be made at salaries between £5154 and £6898 
depending on age, ability and experience and may be taken up on 
secondment from a University for a period of five years or on a permanent 


SIXA) 





CITY OF LONDON 
POLYTECHNIC 


A post of 
RESEARCH ASSISTANT 


for studies leading to a higher degree 
has fallen vacant in the Department of 
Geology. Candidates who might wish 
to carry out research in one of the 
following projects should apply in 
writing giving full curriculum vitae 
and the names and addresses of < 
referees to the Staff Records O 
City of London Polytechnic, re, 
Houndsditch, London EC3A 7BU 
quoting reference number 79/34. 


ia} Geology of the nappe region of 
North-east Jotunheim, Norway. 


(b) Volcanology of the Tayvallich 
Lavas ane associated Igneous rocks 
of S. W. Argyil. 


fc) The geological evolution of the 
Pre-cambrian Stora Le Marstrand 
Series of Northern Orust, Sweden. 


The salary scale for Research As- 
sistants is £2,613 to £2,700 to £2,787 
plus London Allowance of £474 per 
annum. 660A) 
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UNIVERSITY COLLEGE 


-- Applications 


RESEARCH ASSISTANT 





Northern irland Forensic 
Science Laboratory. 


Scientific Staff 





Applications are invited for the following pensionable posts in the“ 


Northern ireland Forensic Science Laboratory, Newtownbreda 
Road, Belfast. 


The successful candidates will join a team of scientists engaged in 
the scientific investigations of crime throughout Northern Ireland. 
The work is interesting and varied and offers wide scope: for 
developing interests in the varied aspects of forensic science. 


Scientific Officers 
£2,839 — £4,415 (Ref: SB 189/79/N) 


Applicants must be under 27 years of age at December 31,1979 
and possess 


(a) an Honours degree in pure or analytical chemistry ; or 


(b} an equivalent qualification acceptable to the Civil Service 
Commissioners. 


Applicants who hope to obtain the requisite qualification in 1979 
may apply. 


Metallurgist 
(Higher Scientific Officer) 
£4,101 — £5,448 (Ref: SB 109/79/NN) 


Applicants must be under 30 years of age at December 31, and 
possess 


(a) a1stor 2nd class Honours degree in Metallurgy ; or 


(b) an equivalent qualification acceptable to the Civil Service 
Commissioners. 


Candidates must have at least 2 years’ postgraduate experience in 
research or industry. 

Exceptionally, applications may be considered from candidates over 
theage limits who have specialised experience, 

Starting salary will be related to qualifications and experience. 
Thesalary scale is under review with effect from April1, 1979. 


There are promotion prospects to Higher Scientific Officer £4,101 to 
£5,488, Senior Scientific Officer £5,154 te £6, 898 and ul 
Scientific Officer £6,609 to £8,461. o d 


Please write or telephone for an application. form doni the 
appropriate job reference to the Civil Service Commission, Rosepark 
House, Upper Newtownards Road, Belfast BT4 3NR (telephone 
Dundonald 4585 ext 256). Completed forms must be returned to 
arrive not later than May 18,1979. 652(A) 


M. D. ANDERSON 
LONDON 


invited for post of The University of 
seeking candidates for 


Houston 
an M. 


PROFESSOR IN PHYSICS 


Anderson Professor, an endowed chair, 


to work on problems of microtubule | in the Department of Physics. 
assembly and its relationship to applicants should be - established 
spindle formation and mitosis in the | leaders in their field of physics. 
yeasts Saccharomyces cerevisiae and | successful ‘candidate is expected 
Schizosaccharomyces pombe. under the provide strong and constructive 


supervision of Dr JF. S. Hyams. 
Appointment will be for three years 
and successful applicant may register 
for a higher degree. Applicants should 
hold, or expect to obtain, a first or 
upper second class honours degree in 
Microbiology, Cell Biology, Bio- 
chemistry or related subject, Starting 
salary £3,410 per annum (under 
review) plus £502 London Allowance. 
Applications in form of curriculum 
vitae, giving names and addresses of 
two referees to Dr J. 5. Hyams, 
Department of Botany and Micro- 
biology, University College London, 
Gower Street, London WCIE 6BT, 
from whom further details may be 
obtained. Closing date May 24, plea 


intellectual leadership not only to the 
Physics Department but also to the 


institution as a wh hole. General duties 


of this appointment will include both 
teaching and research. 

The current departmental areas of 
research consist of condensed matter, 
intermediate energy, plasma, space, 
and theoretical physics. 

Applicants should include a resumé, 
a brief description of professional 
interests and goals, and the names and 
addresses of three or more references, 
Send applications to: C. W. Chu, 
Chairman, Search Committee, Depart- 
ment of Physics, University of 
Houston, Houston TX 77004. The 
University of Houston is an equal 
opportunity employer. WHA) 


-NATIONAL N j IITUTE FOR RESEARCH IN 


-DAIRYING 
_ (UNIVERSITY OF READING) 





~ NUTRI 


A graduate is required to participate in a programme 
of fundamental research into the physiological role of 


trace nutrient binders in milk and other foods. 


IN DEPARTMENT 


The 


work will be mainly concerned with the isolation, 
characterisation and comparative biochemistry of 
binding substances from milks of different mammalian 
species, in particular from bovine and human milk. 
The appointed person will work within.a small group 
studying binding substances and will be expected to 
initiate and execute-experimental work with a mini- 


mum of supervision. 


Qualifications: First or Upper Second class Honours 
Degree in biochemistry or recently qualified Ph.D. 
Applicants with experience in protein chemistry and 
enzymology will be at an advantage. 


Appointment will. be as Scientific Officer (£2,839 to 
£4,415) or Higher Scientific Officer (£4, 101 to £5,448) 
according to. qualifications and experience. At least 
two years’ relevant postgraduate experience is required 
for appointment as. H.S.O. Non-contributory super- 


-annuation scheme, 


Application formas are obtainable from. the Secretary, 
NIRD, Shinfield, Reading RG2 9AT. Quote reference 


79/15. 


UNIVERSITY OF MALAYA 


Applications are invited for the 


LECTURER 


in the following departments in the 
Faculty of Science: 

DEPARTMENT OF BOTANY 

Candidates must possess a higher 
degree in the feild- of Botany or 
Agriculture. Preference will be given 
to candidates who have a Ph.D. degree 
and experience in Tropical Crops. 

DEPARTMENT OF GEOLOGY 

In the field of Structural Geology/ 
Rock Mechanics, 

DEAN’S ESTABLISHMENT 

The fields required are as follows: 
Scientific Method, Scientific teaching, 
logic, history of science in relation to 
Greek Science, Chinese Science, 
Islamic Science and Modern Science 
and philosophy of Science. ; 

QUALIFICATIONS | 

Candidates for the appointments 
should possess at least: A Master's 
degree in the rquired field: or a Ph. D. 
in the required field. 

Salary Scale (All inclusive): 
£3,602 by 168 to 3,939/4,107 by 168 to 
4.443/4, 780 by 280 to 6,182/Review 
Point/£6,462 by 336 to 6,799 per 
annum. The commencing salary for 
Lecturers with a Ph.D. degree shall 
be £4,107 per annum. 

Further particulars and application 
forms are obtainable from the Associa- 
tion of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF. 

The closing date for the receipt of 
applications is May 31, 1979. 

664(A) 


‘posts of 


595(A) 


AN DER FREIEN 
UNIVERSITAT BERLIN 
IST FOLGENDE STELLE 

ZU BESETZEN 


Fachbereich J--Natur- und 
sozialwissenschaftliche Grundlagen- 
medizin und medizinische 
Okologie-—Institut Jur Anatomie 


PROFESSOR (C4) 


Aufgabengebiet: Vertretung dé 
Faches Anatomie in Forschung un 
Lehre, Wissenschaftliche Arbeitsmëg 
lichkeiten auf allen morphologische 
Teilgebieten stehen zu Verfügung 
Ejinstellungsvoraussetzung: 13 
BerlHG, Bewerbungen mit de 
üblichen Unterlagen sind- innerhal 
von 6 Wochen zu richten an de 
Fachbereich j—~—-Natur- und . sozia 
wissenschaftliche Grundlagenmedizi 
und medizinische Okologie—Gustar 
Meyer-Strasse 7, 1000 Berlin 33. 

W92(A) 





= UNIVERSITY OF BRISTOL 
DEPARTMENT OF PHYSIOLOG’ 
POSTGRADUATE 
RESEARCH ASSISTANT 


to work within a small research grou 
on cellular neurobiology of sensor 
and motor systems in crustacean 
employing electrophysiclogical, phat 
macologigal and computer technique: 
The position is available for up to 
years, at a starting salary of £3,38 
per annum {scale under review). 
Applications with curriculum vita 
and names of two referees to D 
B. M. H Bush, 
Physiology, The University, 
BS8 ITD, by May 25, 1979. 


Department £ 
Briste 
599(A) 


N 


NJALA UNIVERSITY COLLEGE 


ature Vol. 279 3 May 1979 


Scientific Officer 
£2,839 - £4,415 


Applications are invited for a pensionable post of Scientific Officer 
in the Department of Commerce, Industrial Science Division, 
which is located at 17 Antrim Road, Lisburn. 


The successful candidate will assist in developing the information 
Service of a Division which provides a wide range of technical 
services in Northern Ireland for Industry and Government. The 
duties will include answering technical enquiries extending over 
a wide field, particularly from industry; compilation of literature 
surveys, and provision of current awareness services. There will be 
particular emphasis on the use and application of computerised 
methods for information retrieval. 


Applicants must be under 27 years of age on December 31, 1979 
and have a degree, HNC/HND, or equivalent qualifications in 
chemistry or physics. Those hoping to qualify in the summer 
graduations may apply. A qualification in Information Science, 
or experience of technical information work and an aptitude for 
languages will be an advantage. 


Exceptionally applications may be considered from candidates 
over the age limits who have specialised experience. 


The Commissioners may decide to interview only those applicants 
who appear from the information available (including level of 
academic attainments and experience) to be best qualified. 
There are promotion prospects to Higher Scientific Officer 
(£4,101~—-£5,448) Senior Scientific Officer (£5,154-—-£6,898) 
and Principal Scientific Officer (£6,609-—-£8,461). 
Starting salary will be related to qualifications and experience. 
The salary scale is under review with effect from April 1, 1979. 
Please write or telephone for an application form quoting job 
reference SB 200/79/N to the Civil Service Commission, Rosepark 
House, Upper Newtownards Road, Belfast BT4 3NR (telephone 
Dundonald 4585 ext 256). Completed forms must be returned to 
arrive not later than May 17, 1979. 

642(A) 







CIVIL SERVICE 





UNIVERSITY OF 
SIERRA LEONE 


Applications are invited for 


CHAIR IN GEOLOGY 


NORTHERN IRELAND 


UNIVERSITY OF DURHAM 











Laser 
Scientists. 
PlasmaPhysics. 


You will be joining a small experimental 
team to provide facilities for and collaborate 
with university users of the SRC Central Laser 
Facility. The experiments are primarily in laser 
driven implosion and compression of plasmas 
and laser plasma interactions. The work 
involves principally the development and 
maintenance of new measurement systems of 
an electronic or opto-electronic nature as well 
as assisting University research workers with 
the operation of the laser target facilities. 

You should have a university degree in a 
relevant subject. Experience in pulse 
electronics, automated data recording or optics 
would be advantageous. 


Glass Laser 
Development. 


You will be a member of a team that is 
responsible for the development and operation 
of the neodymium glass laser at the SRC 
Central Laser Facility. The work is mainly 
experimental and is associated with areas such 
as the development of improved laser 
oscillators, the investigation of pulse shaping 
techniques and the design of laser diagnostics. 
This post offers scope for an individual 
contribution in an area of applied physics 
where a sound knowledge of optics and laser 
physics is particularly appropriate. 

You should have a university degree ina 
relevant subject. 


The appointments will be made to the 
Scientific Officer grade and depending on 
qualifications and experience, salaries will be 
within the range £3,037-£4,724. Salaries are 
currently under review. 

Contact Jane Griffiths in the 














Applications are invited for the post 


of 
LECTURER IN 
PHYSICAL CHEMISTRY 
tenable from September 1, 1979, 


Candidates are required to have a good 
first degree in Chemistry and research 
and teaching experience in Physical 
Chemistry. The appointee will be 
required to teach Physical and General 
Chemistry up to B.Sc. General degree 
level: to instigate and supervise 
student projects, and participate in 
research within the Department. Salary 
scale: Le4,488 to Le6,897 per 
annum. (£1 sterling = Le2.20). The 
British Government is unlikely to 
provide salary supplementation and 
associated benefits, Family passages; 
University Superannuation scheme orf 
contract terms: annual leave; car loan 
negotiated; various allowances, parte 
furnished accommodation at reasonable 
rent. Detailed applications (2 copies) 
with curriculum vitae and naming 
three referees to be sent to Secretary, 
University of Sierra Leone, Private 
Mail Bag, Freetown, Sierra Leone, by 
June 23, 1979, Applicants resident 
in the UK should also send one copy 
to the Inter-University Council, 90/91 
Tottenham Court Road, London 
WIP ODT. Further particulars may 
be obtained from either address. 
ORKA} 


from candidates with research interests 
in any of the main flelds of Geology. 
The appointment will date from Oc- 
tober 1, 1979 or such later date as 
may be arranged. 

The vacancy arises from the ap- 
pointment of Professor G. M. Brown 
ER.S. as Director of the Institute of 
Geological Sciences. 

The appointment will be made on 
the Professorial salary scale together 
with the usual pension arrangements. 

Applications (three copies), includ- 
ing the names of three referecs, musi 
be submitted not later than June 5, 
1979 to the Registrar and Secretary, 
Old Shire Hall, Durham DHI JHP, 
from whom further particulars may be 
obtained. SORA 


A position is available in the Depart- 
ment of Biochemistry, University of 
Alberta, Edmonton, T6G 2H7, begin- 
ning in the fall of 1979. Applicants 
should have a good background in 
DNA metabolism and DMA -drug inter. 
actions, both at the graduate and post- 
doctoral level. A strong background in 
physicochemical techniques is required 
for current studies on miultistranded 
nucleic acids and their possible bio- 
logical roles. Only Canadian Citizens 
may apply for this position, Please 
apply to Dr A. R. Morgan at the 
above address, W73{A} 









UNIVERSITY OF 
CAMBRIDGE 
DEPARTMENT OF PATHOLOGY 


Applications are invited for a 
postdoctoral 


RESEARCH ASSISTANT 
(aged under 30) 


on a project funded by the M.R.C. 
for an & month period to work on the 
Genetics of the Immune Response and 
in Tissue Culture Methods. Salary 
according to age. Applications in writ- 
ing to The Superintendent, Depart- 
ment of Pathology, Tennis Court 
Road, Cambridge CB2 iQP. 
627(A} 


RUTHERFORD 
Science Research Council 


Rutherford Laboratory, Chilton, Didcot, 
Oxfordshire OXII OQX, Tel Abingdon 21900 


Personnel Group on Abingdon (0235) 21900 
Ext. 510 or write to her quoting 
reference VN.805. 

Closing date for applications 
18th May 1979. 


614A) 






Applied Mathematics and © 
Theoretical Physics 
CAMBRIDGE UNIVERSITY 

Applications invited for an Assistant ` 
Lectureship vacant on October 1, | 
1979, No restriction on research field, - 
but strong applications from specialists 
in mechanics of solid materiais are 
especially welcome. Teaching duties 
include giving two courses of lectures. 
Standard university salary scale. 
Appointment for three years initially. 
Further information available from 
Head of Department of Applied 
Mathematics and Theoretical Physics, 
Silver Street, Cambridge CB3 
Applications required by May 31, 
1979, 658(A)} 
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Research 
Assistants 


Applications are invited for posts available for 
work on the following projects from 1 September 
1979 or for work on a project specified by the 
applicant in one of the following areas of study: 


SOCIAL SCIENCE 


1. The Psychology of Stuttering. 

2. How Personality Factors Influence 
Role-taking and Outcome of Experimental 
Groups. 


SCIENCE 


3, Educational Management Information Systems. 
4. Function of Peroxisomes in Fat Metabolising 
Cells of Animals. 
5. Hot Corrosion of Alloys in Coal-Fired 
Fluidised Combustion. 


ENGINEERING 


6. The Development of a High-Strength Tool 
Geometry. 

7. Optimum Machining Conditions for Reaction- 
Bonded Silicon Carbide. 

8. Heat Transfer and Vibration in Heat 
Exchangers. 


Appointments will be made in June and are 
normally for two or three years. Successful 
applicants will be expected to register for a higher 
degree where appropriate. 


Salary from £3000 per annum. 


Further details and application form 
(returnable by 7th June) from: 
‘Personnel’ (RA3), The Polytechnic, 
Wulfruna Street, Woe nampian, WVI1I1LY. 
(Telephone: 0902 27371 Ext. 94) 


IMPERIAL COLLEGE 
RESEARCH PHYSICIST 


Applications are invited for a tenured post in High 
Energy Nuclear Physics Group of the Department of 
Physics. The successful candidate will be involved in 
particle physics research and will guide equipment de- 
velopment and design. This will necessitate working with 
both the Counter and Bubble Chamber sections of the 
Group and could involve measuring machine develop- 
ment, development of hybrid hardware for triggered 
bubble chamber experiments or development of detectors. 
Candidates with a research background outside particle 
physics will be considered. Starting salary will be on the 
research and analogous 1A scale £4,760 to £7,647 (includ- 
ing London allowance) according to suitability. Closing 
date May, 28 1979. Please apply to: 

T. W. Dickson, 
Blackett Laboratory, 
Imperial College, 
London SW7 2AZ. 
654(A) 




































Barbara Grant 


Otley Road 
HARROGATE. 
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UNIVERSITY OF LONDON 


KING’S COLLEGE 
SCHOOL OF HUMAN 
ENVIRONMENTAL STUDIES 
Applications are invited for a 


LECTURESHIP 


in Human Environmental Studies. The 
applicants should have a knowledge 
of geomorphology, climatology and 
other aspects of physical geography 
and be able to relate these to environ- 
mental issues. Cartographic and 
statistical qualifications are also 
required and a background in ecology 
would be advantageous. 

Current salary scale £3,883 to £7,754 
per annum (under review) plus £502 
per annum London Allowance. The 
starting salary will be at an appro- 
priate point on the scale. Universities 
Superannuation Scheme contributions 
would be payable. 

Application forms and further par- 
ticulars are available from the 
Assistant Registrar, King’s College 
London, Strand, LONDON WC2R 
JLS and should be returned to him 
in triplicate to reach him no later 
than May 15, quoting ref. 191675 N. 


606(A) 
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VETERINARY PATHOLOGISTS 


Hazleton Laboratories, one of Europes leading laboratories 
serving the Safety Evaluation needs of the chemical and 
pharmaceutical industries, require veterinarians €x- 
perienced or interested in the rapidly developing field of 
laboratory animal pathology. 


Experienced candidates would be expected to have at 
least 2-3 years experience in pathology, preferably in a 
New graduates or post- 
graduates without previous experience in Pathology 
would be given suitable in-house training and en- 
couraged to attend outside courses and seminars. 


commercial appointment. 


Based in Harrogate within easy access of the Yorkshire 
Dales, the posts carry generous renumeration, assistance 
with re-location, and other fringe benefits to be expected 
from an expanding and progressive company. 

To find out more about the posts, the company and 
Harrogate please telephone: 


Hazleton Laboratories Europe Limited 


Telephone Harrogate (0423) 67265. 


HAZLETON 


LABORATORIES EUROPE LTO 





615(A) 


ROYAL POSTGRADUATE 


MEDICAL SCHOOL 
ENDOCRINE UNIT 


RESEARCH OFFICER 


required for studies on the regulatiol 
of Vitamin D metabolism. Work wil 
involve cell culture, chromatographi 
studies and in vivo experiments. 

Applicants must have or expect t 
be awarded a first class or uppe 
second class honours degree in @ 
appropriate subject, There may b 
an opportunity for Ph.D. registratio 
for a suitable candidate. 

Starting salary £3.410 plus £45 
London Allowance rising on scale 1. 
for Research and Analogous Staf 
Scales currently under review. Th 
appointment is for three years suf 
ported by the Medical Researc 
Council, 

For further details and an informi 
discussion please phone Professor 
Macintyre on 01-743 2030, extensio 
457. 

Application forms may be obtaine 
from the Personnel Office, Royi 
Postgraduate Medical School, 150 pD 
Cane Road, London WIZ OHS quotir 
reference number 4/210/N. 

613{A) 


UNIVERSITY OF SOUTHAMPTON 
MEDICAL ONCOLOGY UNIT 


Applications are invited for the position of Postdoctoral Research 
Fellow in the above Unit. The person appointed will work on the 


isolation of cytoskeletal proteins 


surface, in close cooperation with a 
clinical aspects of cancer research. 


and with others interested in 


and their interaction with the cell 


group interested in cell adhesion 


Applicants should either be about to obtain or have recently obtained 
a Ph.D. in Biochemistry or some related discipline. Experience © 
protein biochemistry, membrane biochemistry or immunology would be 


advantageous. The appointment 


will be for one year in the first 


instance, renewable annually for at least three years. | 
Salary Range: £3,883 to £4,822 per annum (under review). U.S.S. 


benefits, 


Applications giving date of birth, curriculum vitae and the names and 
addresses of two referees, should be sent to Mrs P, Vaughan-Smith, The 


University, Southampton SO9 SNH, 


Please quote reference 1069 /R/N. 


not later than May 18, 1979. 
598(A) 
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UNIVERSITY OF NAIROBI 
Kenya 


Applications are invited for the 
following posts in the 


DEPARTMENT OF PHYSICS 
ASSOCIATE PROFESSOR 


Applicants must possess a PhD in 
Phystes with considerable years of 
University teaching and substantial 
research experience as evidenced by 
publications in internationally re- 
putable journals. Active areas of 
research in the Department include 
Solid State Physics, Applied Geophy- 
sics, Paleomagnetism, Electronica and 
Theoretical Physics, 

SENTOR LECTURER 

Applicatnts must possess a PhD in 
Physics with considerable years of 
University teaching and research ex- 
perience as evidenced by publications 
in reputable journals, Specialisation in 
Applied Geophysics, Solid State 
Physics, Theoretical Physics, Elec- 
tronics or Paleomagnetism will be an 
added advantage. 

Salary scales; Associate Professor 
K£3,864 to £4,488 per annum, Senior 
Lecturer K£2,988 to £3,984 per annum 
(KEI £1.28 sterling). The British 
Government may supplement salaries 
in range £5,430 to £5,784 per annum 
(sterling) for married appointees and 
£3,648 to £3,648 to £3,876 per annum 
(sterling) for single appointees (re- 
viewed annually and normally free 
from tax} and provide children's 
education allowances and holiday visit 
passages. Family passages; S.S.S.F. or 
F.S.S.U; non-contributory medical 
scheme; subsidised housing or housing 
allowance, Detailed applications (2 
copies} with curriculum vitae and 
naming 3 referees to be sent direct, 
to Registrar (Recruitment and Train- 
ing), University of Nairobi, P. O. Box 
30197, Nairobi, Kenva by June 24, 
1979. Applicants resident in the UK 
should also send one copy to Inter- 
University Council, 90/91 Tottenham 
Court Road, London WIP ODT. 
Further details may be obtained from 
either address. GOTO AY 
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UNIVERSITY OF OXFORD 
POSTDOCTORAL 
RESEARCH ASSISTANT 
AND TECHNICIAN 


required for research into the re- 
gulation of branched chain 2-oxeo 
acid dehydrogenase complex, branched 
chain amino acid catabolism and into 
disorders of branched-chain amino 
acid metabolism, The posts are for 
three years from a mutually com 
venient date in 1979 and are funded 
by the Medical Research Council. The 
postdoctoral research assistant should 
have experience in enzymology and 
protein chemistry and possess or 
expect a Ph.D, or equivalent degree. 
The technician should have a degree 
in biochemistry (or a related subject) 
or possess suitable laboratory ex- 
perience. Starting salaries up to 
£4,382 (research assistant) and £3,930 
(technician) on scales in operation on 
March 1, 1979, 

Applications including the names 
of two referees to Professor P. 4. 
Randle, Department of Clinical Bio- 
chemistry, Radcliffe Infirmary, Oxford 
OX2 6HE from whom further details 
may be obtained. 659( A) 


Postdoctoral/Research Associate posi- 
tion available immediately to work on 
the cloning of soybean leghaemoglobin 
and other plant genes obligatory for 
symbiosis with Rhizobium. Experience 
in the area of nucleic acid, bio- 
chemistry and microbiology desired. 
Salary commensurate with experience. 
Send résumé and letters of reference 
to Dr D, P. S. Verma, Department of 
Biology, McGill University, Montreal, 
Quebec, Canada. WAKAY 









lals Scientist 


rthe Oillndusiry 


The Esso Research Centre at Abingdon — the companys largest 
technical establishment in Europe — specialises in research into fuels, lu- 
bricants and additives and also provides a technical service to tne refin- 
ery, marketing and transportation operations of the company. 

We are shortly taking delivery of our first scanning electron 
microscope with microprobe analyser which will form the basis for an 
important new materials science facility for Esso in Europe. 

We are looking for a Materials Scientist to take charge of the 
setting-up of this new facility and quickly integrate it with existing and 
future research programmes. 

Aged 30-40 you should have a degree, preferably in materials 
science or metallurgy and at least five years experience in the use and 
application of S.E.M.and other surface analytical techniques. Ideally this 
experience would have been in the petroleum industry or a related 
technical field such as Tribology. 

A key attribute will be your ability to represent the potential of 
surface analytical techniques to customers and to establish a compre- 


hensive service which meets Essos future needs. 


For this senior and challenging position a competitive salary will 
be supplemented by a full range of benefits.and generous relocation 
assistance where appropriate, to this attractive rural area — just an hour 
away from London and only twenty minutes from Oxford. 

Please write, with full details, to D.P, Sweeney, Employee Relations 


Service, Esso Research Ce 





The University of Sussex 


TEMPORARY LECTURER 
IN HUMAN SCIENCES 


One full-time, or two part-time, 
posts from October 1, 1979 far 
two years, in the School of 
Cultural and Community Studies. 
Applicants should be competent to 
take prime responsibility for the 
teaching of courses in two or 
more of the following areas: 
Human Ecology, Biosocial Anthro- 
pology, Human Prehistory and 
Primate Biology. 


Salary will be on the Lecturer 
scale (full-time seale from 1,10.79: 
£3,975 to £8,250 per annum, 
under review} plus U.S,S. 


Further particulars and applica- 
tion form, returnable by May IB, 
1979, obtainable from the Estab- 
lishment Section, Office of Aris 
and Social Studies, Arts Building, 
University of Sussex, BRIGHTON 
BN! GON (Brighton 606755, ext. 
1050, Miss Prati} quoting reference 
O34/N, 639(A) 





UNIVERSITY OF OTAGO 
Dunedin, New Zealand 
CHAIR OF PHARMACOLOGY 


The University Council invites 
applications from medical or science 
graduates for appointment to the 
Chair of Pharmacology at present 


occupied by Professor F. W. Fastier | 


who is retiring in early 1980. 

Professorial salaries which are 
regularly reviewed, are paid within 
the following ranges:— 

Medical NZ$30,365 to NZS$33,865 
per annum. 

Science NZ$23,865 to NZS29,865 
per annum. 

(Both rates inclusive of NZ3365 per 
annum cost-of-living allowance). 

Further particulars are available 
from the Secretary General, Associ- 
ation of Commonwealth Universities 
(Appts), 36 Gordon Square, Landon 
WCIH OPF, or from the Registrar of 
the University. 

Applications close on June 30, 1979, 

610(A) 


RESEARCH 


ntre, Abingdon, Oxon OX13 6AE, or phone 
himon: Abingdon 21600. 


681(A) 


TO PLACE 
YOUR 
ADVERTISEMENT 
IN THESE 


01-831-6901 
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XXVI O nanan CARRE LEC Ate 


AGRICULTURAL RESEARCH COUNCIL 
FOOD RESEARCH INSTITUTE 


Chemistry and Biochemistry Division 
(Biopolymers and Physical Methods Groups) 


PROTEIN BIOCHEMIST/CHEMIST 
PHYSICAL CHEMIST/COLLOID SCIENTIST 
BIOPHYSICIST/PHYSICAL BIOCHEMIST 


A PROTEIN BIOCHEMIST OR CHEMIST is required to initiate a programme 
of research into the structure and properties of food proteins-—especially those of 
vegetable origin. The person appointed will be expected to lead a small research 
team and to develop techniques to study the reactions of food proteins that are 
important in determining the quality of food. (Ref: 78/713). 


A PHYSICAL CHEMIST OR COLLOID SCIENTIST is required to initiate a 
programme of research to define the physical properties of dispersions and gels 
in food and to study the surface properties and interfacial characteristics of food 
systems. The person appointed is expected to lead a small research team and 
to develop modern techniques to study temperature-dependent changes and 
factors affecting the stability of multicomponent systems in food. (Ref: 78/8). 


A BIOPHYSICIST OR PHYSICAL BIOCHEMIST is required to lead a small 
research team to study the behaviour of food biopolymers in solution or dis- 
persion and in gels. The person appointed is expected to develop modern 
physical and spectroscopic techniques to study the dynamics of changes and 
molecular interactions in systems containing proteins and polysaccharides. A 
broad background in the use of physical methods in biology and familiarity with 
the latest developments in spectroscopic techniques is required. (Ref: 76/10). 


it is intended that the persons appointed to the above posts will work in close 
collaboration. A broad approach is required and the ability to extrapolate from 
basic studies to practical problems will be an advantage. 


Qualifications 


For appointment as Higher Scientific Officer: a First or Upper Second Class 
Honours Degree in an appropriate subject, at least two years’ relevant post- 
graduate experience and preferably a Ph.D. degree, or equivalent experience. 


For appointment as Senior Scientific Officer: as for Higher Scientific Officer but 
with at least four years’ relevant post-graduate experience. 


Candidates with several years’ postdoctoral experience and an established 
research record in the relevant field will be considered for appointment as 
Principal Scientific Officer. 


Salary (under review) 


Principal Scientific Officer £6,609-—-£8,461 
Senior Scientific Officer £5,154—£6,898 
Higher Scientific Officer £4,101—-£5,4438 


(Starting salary according to experience), 
Non-contributory superannuation scheme at age 18 years and over. 


Five-day week and flexible working hours scheme operated. 


Application form and further particulars from the Secretary, 
Food Research Institute, Colney Lane, Norwich NR4 7UA 
quoting appropriate reference. Closing date: May 21, 1979. 


628(A) 


Liverpool Area Health Authority (T) 


Regional Cardiac Centre, Sefton General Hospital, 
Smithdown Road, Liverpool L15 2HE 


BIOCHEMIST 
(Basic Grade) 


Applications are invited for the post of Biochemist (Basic Grade) 

in the Centre Laboratory, which is concerned with biochemical 
aspects of heart disease. 

Whitley Council conditions of pay and service apply. Newly 

qualified graduates will be considered. 

Application forms obtainable from the Sector Administrator, 
Sefton General Hospital, Smithdown Road, Liverpool L15 2HE. 
Closing Date: 15th June 1979. 590(A) 





CONFERENCES 


CALL FOR ABSTRACTS 
BIOPHYSICAL DISCUSSIONS 
Second Discussion—-May 1980 


PROTEINS AND 
NUCLEOPROTEINS: 
STRUCTURE, DYNAMICS 
AND ASSEMBLY 


The Biophysical Society will hold its 
2nd Biophysical Discussion at Airlie 
House, Airlie, Virginia (near Washing- 
ton, D.C.) on May 18-21, 1980. This 
Discussion will consider recent ad- 
vances in understanding the principles 
of macromolecular structure and 
dynamics. Sessions will be devoted to: 
elucidation of structure by diffraction 
and spectroscopic methods; nature of 
forces stabilizing macromolecular 
structure; fluctuations in macromole- 
cular structures; and mechanisms of 
folding and assembly. Experimental 
systems to be discussed include 
proteins, viruses, and organelles in- 
volving protein-nucleic acid inter- 
actions. 

Prior to the meeting, all participants 
will receive a study book containing 
the full Discussion papers and poster 
abstracts. There will be no formal 
presentation of papers at the meeting, 
only a five-minute reminder followed 
by open discussion. A $175 fee will 
cover registration, three days’ room 
and board, the study book, and the 
final proceedings volume. 

Papers submitted for the Organizing 
Committee’s consideration are due as 
follows: 

July 16, 1979-~-Preliminary abstracts 
(<300 words, to be reviewed and 
selected by August Ist) 

December 1, 1979-—Complete manu- 
scripts (to be refereed and selected 
by mid-January) 

The full edited proceedings of ca. 
$00 pp, will be published in hardback 
by Rockefeller University Press ($20 
prepublication, . $30 after October 
1980). Identical text will be received 
by Biophysical Journal subscribers 
(i980 subscription, 12 issues, $150). 
For these publications, remit to Order 
Service, Rockefeller University Press, 
P.O. Box 5108, New York, N.Y. 
10249, USA. 

For further information contact 
Valerie Parsegian, Executive Secretary, 
Biophysical Discussions, P.O. Box 
30239, Bethesda, Maryland 20014, 
USA. Phone (202) 362-8184. 

WIC) 
a SN E DET 
Quekett Microscopical Club Lecture. 
Dr James Dyson, Sc.D., F.R.S., will 
speak on ‘Interference and Image 
Shearing Microscopy” at 6.30 p.m. on 
Tuesday, May 8, at the British 
Museum (Natural History), Cromwell 
Road, South Kensington, London SW7 
SBD. All Club members and visitors 
are welcome. §63(C) 


STUDENTSHIPS 


UNIVERSITY OF OXFORD 


M.R.C. RESEARCH 
STUDENTSHIP 


Applications are invited from bio- 
chemists, chemists or physiologists for 
a 3 year studentship to commence in 
October 1979. The successful candi- 
date will register for a D. Phil and 
pursue research into the chemistry. 
kinetics and mechanism of enzymes 
involved in human cataract formation, 
in particular aldose reductase in dia- 
betes. 

Applications together with the names 
and addresses of three referees, and 
requests for further information should 
be sent to Dr James Crabbe, 

University of Oxford, 

Nuffield Laboratory of 
Ophthalmology, 

Walton Street, 

Oxford OX2 6AW. 621(F) 


UNIVERSITY OF 


EAST ANGLIA 
BP RESEARCH CENTRE 


S.R.C. C.A.S.E. STUDENTSHIP 


Infrared Spectroscopy of Reaction 
Intermediates on Catalyst Surfaces in 
Propylene Ammoxidation. S.R.C. 
Research Studentship plus £100 plus 
fees available from October 1, 1979. 

Appiy to Professor N. Sheppard, 
F.R.S., School of Chemical Sciences, 
University. of East Anglia, Norwich 
NR4 7TY. 648(F) 





Nature Vol. 279 3 May 1979 


UNIVERSITY OF 


CAMBRIDGE 
DEPARTMENTS OF APPLIED 
BIOLOGY AND MINERALOGY 

N.E.R.C./C.A.S.E. RESEARCH 

STUDENTSHIP 

Applications invited from scientists 
holding or expecting to obtain a good 
honours degree for a project on the 
identification, origin and reaction of 
asbestos waste in ground-water sys- 
tems, starting October 1979. 

Further details from Dr. ÇC. V, 
Jeans, Department of Applied Biology, 
Pembroke Street, Cambridge B 
3DX. 624(F) 





THE MIDDLESEX HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

MEDICAL RESEARCH 
COUNCIL STUDENTSHIP 


Applications are invited from a 
candidate with a good honours degree 
to work on biophysical aspects of 
cell-substratum interactions or mem- 
brane fusion. Applications, including 
curriculum vitae, and the names of 
two referees, to Dr David Gingell, 
Department of Biology as Applied to 
Medicine, The Middlesex Hospital 
Medical School, London WIP 6DB. 

647(F) 





UNIVERSITY OF 
EAST ANGLIA 
Norwich 
S.R.C. C.A.S.E. 


STUDENTSHIPS 


S.R.C. CASE awards will be tenable 
at the University of East Anglia from 
October 1, 1979 in support of re- 
search in the following fields:--- 

a) in cooperation with the ‘Glass- 

house Crops Research Institute 

1. “The role of spiders in check- 
ing aphid outbreaks in 
cereals”’ Supervisors: Pro- 
fessor A. F. G. Dixon/Dr. 
K. D. Sunderland. 

2. “Aphid-specific natural en- 
emies of cereal aphids” 
Supervisors: Professor A. F. G. 
Dixon/Mr. R. J. Chambers. 

b} in cooperation with the Forestry 


Commission ‘Control of poly- 
morphism in green spruce 
aphid” Supervisors: Professor 


A. F. G. Dixon/Dr. C. L Carter. 

c) in cooperation with the Food 

Research Institute, Norwich 
“Infection of carrot roots by 
Sclerotinia sclerotiorum” Super 
visors: Dr. B. G. Lewis/Dr. C 
Dennis. 

Applicants skouid possess 0l 
expect to obtain a First or Uppe 
Second Class degree and should write 
to Professor A. F. G. Dixon, Dean 
School of Biological Sciences, Uni 
versity of East Anglia, Norwicł 
NR4 7TJ. Applications together wit? 
a curriculum vitae and the names o 
two referees should arrive by May 18 
1979. 657(F) 








merere 


M.R.C. PNEUMOCONIOSIS 
UNIT 
Llandough Hospital 
PENARTH, 
SOUTH GLAMORGAN 
CF6 1XW 


Applications are invited for a MR¢ 
Research Studentship from those wh 
have, or expect to obtain this yeat 
a good honours degree, M.Sc. o 
equivalent qualification in physics 
electrical engineering, mathematics, o 
statistics. The successful candidate wil 
register for a Ph.D. 

Projects include instrument develot 
ment in respiratory physiology an 
the study of the statistical aspects € 
dose response curves for hazardou 
substances. i 

Further information and applicatio 
forms may be obtained from the A: 
sistant Administrative Officer. 


619(F) 
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STUDENTSHIPS—continued f 





DEPARTMENT OF PHYSIOLOGY 
UNIVERSITY OF 
LIVERPOOL 
M.R.C. 
RESEARCH STUDENTSHIP 


(ore POS are 


Department of Physiology. Candidates 
should have, or expect to obtain this 
vear, a good honours degree in Phy- 
siology or a related subject. Experience 
in some aspect of histology and cell 
‘biology would be an advantage. The 
‘successful applicant will join a group 
working on a development and ap 
plication of immunocytochemical 
methods to study the cellular origins, 
chemical relationships and physiolo- 
gical roles of gut hormones and 
neuropeptides. He/she will be expected 
to register for a Ph.D. 

Applications, together with the 
names of two referees, should be 
received not later than June 7, 1979, 


invited for an 
M.R.C. Research Studentship in the 


UNIVERSITY OF LEICESTER 
- DEPARTMENT OF ZOOLOGY 
_ SCHOOL’ OF 
BIOLOGICAL SCIENCES 


© POSTGRADUATE 
RESEARCH STUDENTSHIP 


Applications are invited for a post- 
graduate research studentship financed 
by the Medical Research Council, and 
tenable for three years for the study 
of regulation and determination of 
spatial patterns of cellular differentia- 


ion, in arthropods... 


The study would be of particular 
interest to those with some interest 
and background in Developmental, 
Cell or Neurobiology, although can- 


didates with other qualifications will 


be considered, 

Applicants should. send a curriculum 
vitae and names and addresses of 2 
referees to Dr P, M. L Shelton, De 
partment of Zoology, University of 
Leicester, Leicester LEI 7RH, as soon 





by the Registrar, The University, : 
P.O. Box 147, Liverpool, L69 3BX. | 2% Possible 514(F) 
Quote Ref. RV/583/N 674(F) 

COURSES 


UNIVERSITY OF SOUTHAMPTON 
Department of Chemistry 


M.Sc. Course in Electrochemical Science 


Applications from candidates with a good honours 
degree are invited for this 12 month course, which pro- 
vides a comprehensive training in the methodology of 
modern electrochemical research and the applications of 


electrochemistry in industry. 


The course, which com- 


mences in October 1979, has been approved by the 
Science Research Council, and a number of studentships 


will be available. 


Further details of the 


course and ap- 


plication forms can be obtained from Dr.'L. M. Peter, 
Department of Chemistry, The University, Southampton, 


SO9 5NH/N. 


M.Sc. BRAIN STUDIES 
BRUNEL UNIVERSITY 


Two-year part-time course in 
Cybernetics, Experimental Psy- 
chology and Neurophysiology. 
Entries October 1979 and October 


1981. 
Applicants should have 


Ist or 
degree in a 
medical or mathe- 
matical subject. Details from Dr 
R. €C. Elliott, School of Biological 
Sciences, Brunel University, 
Uxbridge, Middlesex. 609(D) 


2nd class honours 
» biological, 


MODERN TECHNIQUES 
IN CENTRIFUGATION 
September 2-7, 1979 
UNIVERSITY OF ESSEX 


This is a workshop course designed 
to give participants practical . experi- 
ence of the newer centrifugation 
techniques now available. Participants 
will be able to use a wide variety of 
centrifuges and rotors including verti- 
cal rotors. The practical sessions will 
‘be complemented by a series of lec- 
‘tures and discussion groups covering 
Aopics of current interest. For further 
- information contact the Liaison Officer 
(N), University of Essex, Wivenhoe 


‘Park, Colchester, CO4 38Q (Tel. Col- 


chester 862286, ext. 2375) 6Z3(D) © 





656(D) 





BIRKBECK COLLEGE 
(University of London) 


NATURAL ENVIRONMENTS 
AND PLANT GROWTH 
An integrated part-time EVENING © 
COURSE in Soil Hydrology, | 
Microclimatology and Plant 4 
Ecology 
The M.Sc. Natural Environ- 
ments and Plant Growth consists 
of a course of lectures, laboratory 
practicals and field-work extending | 


over two academic years of part- 
time study and is given within the 


departments of Geography and. 
Botany. Thre modules are offered: 
Boundary Layer and Plant Canopy 
Microclimatic Environment; Soil 
Hydrological Environment; En- 
vironment and the Growth 
Development of Plants. i 
Application forms and further ` 
details may be obtained from: The 
Secretary, Department of Geo- 
graphy, Birkbeck College, 7-i5S 
Gresse Street, London WiP nA 


and f- 





UNIVERSITY OF 
EDINBURGH 
M.Sc. COURSE 
on The Physics and Technology 
or Amorphous Materials 


(a joint course with the Universities of — 
Dundee r Glasgow) 1 year full-time — 


from October 8, 1978 


Main topics include: Structure; Pre- 
paration; Characterisation; Basic 
Theory; Electronic and Optical Pro- 
perties; Thermal and Mechanical 
Properties; Magnetism; Glasses and 
the Vitreous State; Technological 
Applications, including Solar Energy 
Conversion and Applications in Solid 
State Electronics. The final term will 
be devoted to an individual research 
project. 

Entry’ qualifications: Normally an 
honours degree or its equivalent in 
Physics, Electrical Engineering, 
Chemistry or a Materials Science. 

Grants: SRC Advanced Course 
Studentships are available: for appli- 
cants with appropriate qualifications 

Further information from: Dr A. 
Owen, Department of Electrical 
Engineering, King’s Buildings, 
versity o Edinburgh, Edinburgh, 
EHS 3JL, Scotland, U.K. 

6730D) 





FELLOWSHIPS 





QUEEN’S UNIVERSITY 


Kingston, Ontario 


Applications are invited for a 
R.C. supported postdoctoral fellow- 
ship to work with Dr B. T. Eaton on 
the study of arbovirus persistence in 
mosquito cells. The appointment is 
available for two years and the initial 
salary is $12,000 per annum. Prospec- 
tive or recent Ph.D. graduates should 
send their curriculum vitae and the 
names of two referees to Dr Eaton, 
Department of Microbiology and Im- 
munology, Queen’s University, Kings- 
ton, Ontario K7L IN6, gr 
w 


NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 
POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited from suit- 
ably qualified biochemists, pharmacol- 
ogists or neurochemists to join a team 
who are investigating the biochemical 
and pharmacological properties of 
muscarinic acetylcholine receptors in 
the Division of Molecular Pharmacol- 
ogy. This position is available im- 
mediately and will be renewable on 
an annual basis for at least two years. 
The salary will be the same as that 
of a member of the Medical Research 
Council scientific staff of comparable 
age and experience. 

Applicants should send curriculum 
vitae and the names of two referees 
to Dr N. J. M. Birdsall, Division of 
Molecular Pharmacology, 
Institute for Medical Research, Mill 
Hill, London NW7 1AA. 620(E) 





THE UNIVERSITY OF 
MANCHESTER 
POSTDOCTORAL 
RESEARCH FELLOWSHIP. IN 
OFFSHORE ENGINEERING 


Applications are invited for résearch 
into the behaviour of offshore piles 
subjected to cyclic loading using the 
700g tonne age The appoint- 
ment is for 2} years commencing 
September 1, 1979 at a salary of up 
to £6,080 per annum (under review). 
Superannuation. Full particulars of 
the post are obtainable from Mrs. 
A. C. Davies, Simon Engineering 
Laboratories, The University, Bruns- 
wick sa Manchester, 655(E).- 


Uni- 


National . 











UNIVERSITY OF GLASG 
DEPARTMENT OF ORGANIC 


CHEMISTRY . 
POSTDOCT ORAL | 
FELLOWSHIP IN 

BIOORGANIC. CHEMISTRY- 
Available for two. years from Octo 
ber 1, 1979 to study amino-acid. 
bolism in plant tissue cultures © ai 
micro-organisms. SRC-sponsored. “A 
plicants should have strong back- 
ground in. organic synthesis. Ex 
ence with radic-isotopes and micro | 
organisms or plants an advantage but 5 
-not essential. Starting salary in r a 
£3,883 to £4,382 per annum Pete 
Research and Analogous Staff sal 
scales—currently under review). A A 
cations with names of two Beie i 
to Professor K. H. Overton, Chemistry © 
Department, University of Glasgow, 
Aor, G12 8 a 

n reply please quote Ref. Number 
4436M. i SIE) 











INSTITUTE OF 
CANCER RESEARCH 
(Chester Beatty Research 


Institute) l 
MASS SPECTROMETRY -— 

DRUG METABOLISM GROUP 

A three-year postdoctoral fellowshi 
will be available later in 1979 associ» 
ated with a miultidisciplinary group: 
studying the metabolism of anticancer: 
drugs in relation to mode of. action,- 
design of new. drugs, and improvement 
of clinical use. In vitro, animal, and 
human studies are in progress, Ae 
major current emphasis concerns the | 
study of a group of drugs which are > 
in current clinical use for the trest- 
ment of disseminated breast cancer. 
The appointee will be responsible fòr. 
that part of the Group programme: 
which involves the use of desmolase _ 
(cholesterol side chain degradation) 
aromatase, and estrogen receptors it: 
developing structure-activity relation. 
ships. Applicants should have research 
training in biochemistry, preferably 
with an interest and experience in. | 
enzyme manipulation, 
than two pan postdoctoral experi- 
ence, The fellowship, which is super- - 
annuated (U.S.S.), will have an initial. 
salary (presently under review) of nots. 
less than £4,910 per annum (including | 
London Allowance). a 

Applications, including a ful 
curriculum vitae, in duplicate. and 
with the names of two referees should 
be sent as soon as possible to the. 
secre ary: Institute of Cancer Re 
search, 34 Sumner Place, London 
SWT7 3NU, en ref. 0/E 


UNIVERSITY OF SUSSEX 


SCHOOL OF 
MOLECULAR SCIENCES 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for 
S.R.C. Research dies petal ti Aan 
the School of Molecular Sciences | 
to work .on Cycloadditions to 
Sil 1-protected Polyacetylenes and 
re vanes in collaboration with 

R. M., Walton. The position 

wil pee available on October 

1979 and is within the usual 
Research Fellow 1A salary range. 
The appointment. is for one year 
-irw the first instance, renewable for _ 
a further year. Small-scale pree | 
-parative research experience in of 
organometallic / natural product .. 
chemistry is desirable, coupled 
with a genuine interest in pO. 
calculations. . 


Applications 


accompanied by 
the names of "two referees should 


be sent as soon as possible to 
Mr R. W. Bott, Sub-dean, School 
of Molecular Sciences, University 
of IA BNI RE 63 Bn. 





and not more 







LO NSHI PS—continued 


JNIVERSITY OF GLASGOW 
: DEPARTMENT OF 

© CHEMISTRY 

- POSTDOCTORAL 
to FELLOWSHIP 
e above position is available 
M.-R.C.. project grant in 
‘yespect of the determination of the 
structure. of a bacterial chloram- 
phenicol acetyl transferase at atomic 
resolution. This study is well advanced 
and the post is open to applicants 
with experience in crystallography. 
Starting salary will be within Range 
1A of the salary scale for Research 
and. Analogous Staff, £3,883 to £4,382, 
depending on age and experience. 

Further particulars are available 
from Dr I. D. A, Swan, Department 
of Chemistry, University of Glasgow, 
Glasgow Gi2 8QQ, to whom applica- 
tions, together with a curriculum 
vitae and the names of two referees, 
should be addressed. 

In reply please quote Ref. No. 

25/1. 629(E) 


















ASSISTANTSHIPS 


CITY OF LONDON 
POLYTECHNIC 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


RESEARCH 
ASSISTANTSHIPS (2) 


Applications are invited for two 
Research Assistants to work on the 
following projects: 

1. To study bacteria from anaerobic 
environments, their interactions 
and effects on metal corrosion and 
the influence of inhibitors, The 
project will include adsorption 
studies, involving the use of the 
scanning electron microscope and 
radioactive tracer techniques. Re- 
ference number 79/29. 

4. The regulation of gene expression 
during muscle differentiation with 
particular emphasis on a study of 
muscle nuclei. Applicants should 
have a background in biochemistry 
or Cell Biology. Reference number 
79/28. 

The appointments will be tenable 
for two years in the first instance and 
will be extended to three. on satis- 
factory completion of the first two 
years. 
< The salary scale for Research As- 
gistants is £2,613 to £2,700 to £2,787 
plus London Allowance of £474 per 
annum., 

Please apply in writing, giving full 

Curriculum vitae and the names and 

addresses of two referees to the Staff 

Records Officer, City of London Poly- 

117 Houndsditch, Londen 

the ap- 


663(P) 






















propriate reference number. 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF ZOOLOGY 
M.R.C. RESEARCH 
ASSISTANTSHIP 


Applications are invited for a Re- 
search Assistant to examine the rela- 
tionship between surface-bound anti- 
body and nutrient absorption in tape- 
worms. Candidates should have an 
Honours degree in either Immunology 
or Biochemistry (with experience in 
immunology techniques). 

The appointment is tenable until 
April 30, 1981 from an early date, 
to be arranged. mak’ 

Salary within Range 1B, £3,384 to 
£3,883 per annum (under review), 
with appropriate placing. | 

Further. particulars from The Secre- 
tary, The University, Aberdeen, with 
whom applications (2 copies) should 
be Jodged by May 25, 1979. 622(P) 








UNIVERSITY OF 
CAMBRIDGE 
DEPARTMENT OF BOTANY 
RESEARCH IN GENETICS 

Applications are invited for a 
postdectural research assistantship to - 
Study aspects of genetic recombination 
using fungal spore colour mutants, 
The appointment is supported by the 
S.R.C. and is for two years. Starting 
salary not less than £3,883 per annum. 
Apply to Dr. H. L. K. Whitehouse, 
Botany School, Downing 
Cambridge CB2 JEA, giving the 
names of two referees. 653(P) 
























FOR SALE 



















FOR SALE 


SCANNING 
ELECTRON 
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MISCELLANEOUS 


Dr Philippe KOURILSKY of the 
Unité de Génie Génétique, Institut 
Pasteur, Paris, will address the Annual 
Meeting of the Louis Rapkine As- 
sociation on ‘Génie Génétique—Pro- 
blémes et Perspectives’: Friday, May 
11, 1979 at 6 p.m. at the French 
Institute, Queensberry Place, London 
SW7, Admission free, 625(5) 
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REPRODUCTIVE LOSS 

The tenth annual New York 
State Health Department Birth 
Defects Symposium will be held in 
Albany; New ‘York on October 29 
to 31, 1979 in the Rockefeller 
Empire State Plaza Convention 
Center, — 

Address Inquiries to: 

Tan H., Porter, M.D., 

Director, Birth Defects Institute, 

New York State Health Dept. 

Room 1917, ae i. 

Tower Building, l EPRA 
Rockefeller Empire State Plaza, 
Albany, New York 12237. 
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Wasted talent is wasted opportunity 


Tue Conservative and Unionist Party has been elected to 
govern the United Kingdom, with Mrs Thatcher as Prime 
Minister. The election was fought almost entirely on econ- 
omic issues, and even on these the new government com- 
municated little more than an intention. (We heard nothing 
about how much income tax would be cut, or what rise in 
value added tax would be necessary to pay for it, except 
for Labour’s own, presumably biased, calculations.) Of 
science we have heard nothing--except on environmental 
issues from the Ecology Party, and on nuclear power from 
the Liberals. 

We hope that the new government will recognise the 
central importance of science—and basic science, at that— 
to the economy. In oppositon, the Conservatives have 
frequently called attention to ‘wealth creation’, which it 
says Labour has ignored. The Conservatives appear prepared 
to increase social inequalities (by redistributing the tax 
burden) and risk confrontation with organised labour (by 
introducing new legislation and cutting ‘lame duck’ indus- 
trial support grants). But are they prepared to invest in 
science? It is undeniable that science is increasingly the 
true source of wealth, now that the days of empire and 
exploitation are receding. President Carter has recognised 
this, with his constant calls to Congress for an increase in 
science funding. And West Germany has recognised it, with 
a massive increase in funding for its science ministry in this 
year’s budget. 

Shirley Williams, the outgoing Secretary of State for 
Education and Science, had also recognised it, managing to 
wrest a few extra millions for the research councils this 
year. But will the Tories recognise it? We hope they will 
have the vision to do so, particularly with Britain’s first 
scientist (Mrs Thatcher was a chemist) as Prime Minister. 
Mrs Williams’ balm merely alleviated the worst of a long 
history of financial stringency in the research councils, and 
there is a great deal of slack to be taken up-——not least in 
the replacement of aging equipment like spectrometers and 
microscopes, or proper investment in Britain’s great scien- 
tific successes like molecular biology (where with genetic 
engineering there is enormous economic potential) or even 
the less obviously economic radio and high energy astron- 
omy. Great international centres of excellence have a 
galvanising effect on the science of a country that goes far 
beyond their particular discipline. Even a geophysicist, for 
example, feels pride that the double helix was discovered in 
this country. 

There is no doubt that science in the UK is depressed. 
This is the time to revitalise it. The argument that basic 
science should be left for better times is false. The country 
that now invests deeply in science, despite the state of the 
economy, will be the one that emerges from the present 
world recession ready to take the lead. 

Furthermore, it’s not just a question of money. If wealth 
creation is a matter of science (and its application through 


engineering), science is a matter of scientists. And Britain 
has never had a coherent policy for the growth and encour- 
agement of its scientific community—just the usual British 
compromise of a decision here, a regulation there, a patch- 
work but no policy. The research councils have done their 
best to regulate and redirect studentships and fellowships; 
but they can only tinker with the problem. There is an 
enormous—perhaps 5,000-strong—-and vital community of 
bright researchers locked into a cycle of frustrating and 
demoralising short-term contracts, produced by the un- 
written policy of using an excessive number of research 
students as cheap labour and the static university system 
blocked with middle-young tenured staff. Of course ‘the 
best’ always get jobs—that’s only a matter of circular defi- 
nition. The real question is of the wasted talent, the real 
talent, that does not find effective employment, either in 
the universities or in industry. 

This problem is not Britain’s alone. Even Germany suffers 
from it, despite its enlightened attitude to science. But the 
country that breaks through the logjam first will have an 
immense advantage. We challenge the new government to 
find effective, creative employment for Britain’s post- 
doctoral fellows. A dozen new whizz-kid centres of advanced 
study, some applied, some pure? A proper career structure 
for non-teaching researchers at universities and medical 
schools would be a good start. The objective must be to 
create new research schools, either attached to universities 
as non-teaching institutes or completely independent. Re- 
search doesn’t grow at random. It depends on potentially 
creative branches having the opportunity to develop at the 
right moment. The United States took its great lead in 
science when Europe rejected its intellectuals during the 
time of Hitler; they landed in America and research com- 
munities spread rapidly around them. 

US pre-eminence in theoretical sub-nuclear physics, 
for example, can be traced largely back to Enrico Fermi’s 
school in Chicago. And how did Britain invent its way 
through the second world war? It gave men like R. V. Jones 
responsibility the moment they could shoulder it. 

We should take exactly the same attitude to our post- 
doctoral community. It must be given the opportunity to 
spawn its own schools of research, in an atmosphere where 
there is--if not total job security—-at least hope, and 
growth, and vision. The age of this community—reaching 
into the mid thirties—is just right to bear fruit. (Studies 
by Harriet Zuckerman, recorded in her book Scientific 
Elites (Free Press, New York: 1977), show that the average 
age at which Nobel prize-winners did their prize-winning 
work was around 36. Those few who were under 30 were 
usually already members of flourishing research schools.) 

So we say this to our new Prime Minister--whatever 
your successes or failures with industry and the more 
immediate problems of the nation: remember the scientists 
-and you will be remembered. E 
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US academy denies threshold for radiation damage 


A COMMITTEE of the US National 
Academy of Sciences, after many 
months of heated debate, last week 
confirmed its support for the hypothesis 
that ionising radiation has an effect on 
the human body that remains directly 
proportional to the dose even at very 
low levels, and that there is therefore 
no threshold below which such 
radiation can be ignored. 

This decision has been reached by 
the academy’s Committee in the Biolo- 
gical Effects of Ionising Radiation— 
(BEIR) which had been asked by the 
Environmental Protection Agency to 
reconsider estimates of the hazards of 
ionising radiation first made in a report 
published by the committee in 1972. 

Pointing out the absence of clear 
scientific evidence on the shape of the 
dose-response curve for low levels of 
radiation—-a source of much recent 
controversy over, for example, the 
hazards faced by workers in nuclear 
shipyards and power stations—the com- 
mittee says that the linear dose- 
response relationship ‘emerges by 
default as the simple model whose use 
appears to be the least objectionable”. 

This conclusion, however, and the 
estimates of increased cancer incidence 
to which it leads, is sharply contested 
by a number of committee members, 
who state in a minority report signed 
by five of the 22 members that “far 
too little theoretical information exists 
to serve as a reliable guide for extra- 
polation.”’ 

Speaking at a press conference held 
by the NAS to present the report, Dr 
Harald H. Rossi of the Columbia 
University College of Physicians and 
Surgeons in New York, one of the 
minority group, said he feared that the 
report would ‘“‘contribute to excessive, 
and potentially detrimental, apprehen- 
sion over radiation hazards.” 

In reply, Dr Edward Radford, of the 
University of Pittsburgh’s Graduate 
School of Public Health, chairman both 
of the BEIR committee and of its 
somatic effects subcommittee, issued 
a public challenge to any member of 
the minority group, or any other in- 
dividual, “to meet me in public debate 
to discuss these issues openly and to 
see who comes nearest to the truth.” 

The committee was asked by the 
EPA to look at the available data on 
both the genetic and somatic effects of 
ionising radiation. With regard to the 
first of these, the committee says that 
it came broadly to the same con- 
clusions as that reached in the earlier 
report, namely that one rem of 
parental exposure throughout the 
adult population would lead to an 
increase of between five and 75 ad- 
ditional genetic disorders (over a cur- 
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rent figure of about 100,000) per 
million live-born offspring. 

“The first BEIR report used mice 
data exclusively to estimate the in- 
cidence of chromosomal aberrations. 
We have had a limited amount of 
human and monkey data that has since 
become available, and have come up 
with figures that are not significantly 
different,” said Dr Dean Parker, chair- 
man of the genetic effects sub- 
committee. 

By far the largest section of the 
report—-a single chapter taking up over 
500 of the report’s 850 pages—is 
devoted to assessing the somatic 
effects of high- and low-LET (linear 
energy transfer) radiation, the first in- 
cluding radiation such as that emitted 
by alpha particles, the second by 
X-rays and gamma-rays. 

The report says that over the past 
few years, new studies have modified 
some of the earlier views about 
radiation induced cancer in humans. 
For example, solid tumours—in parti- 
cular breast, thyroid and lung cancer— 
were of greater significance than 
leukaemia in assessing the risks of 
whole body exposure, and partly as a 
result of this, it was now felt that the 
total cancer risk was greater for 
women than for men. In addition, 
there was increasing evidence that age 
is a major factor in cancer risk related 
to radiation exposure. 

Addressing the effects of low levels 
of radiation—of the order of tens or 
hundreds of millirads—to which the 
general public might be exposed in ad- 
dition to the natural background, the 
committee says that at present there 
is no way of telling whether this ex- 
posure is detrimental, and that in any 
case the somatic effects would be 
masked by environmental or other 
factors. 

Given the lack of data, it says that 
“for most radiation-induced cancers, 
the possibility of a linear no-threshold 
dose-effect relationship cannot be ex- 
cluded”, adding that, for low doses, 
the linear hypothesis is “consistent with 
plausible carcinogenic mechanisms at 
the level of the single cell.” 

However, it points out that the 
linear hypothesis probably over- 
estimates the risk from low-LET 
radiation (such as X-rays and gamma- 
rays), but may underestimate the 
effect at low levels of high-LET 
radiation, such as alpha-particles. 

Referring to those who receive 
occupational exposure of between 0.5 
and 5 rems a year, the latter now being 
the recommended maximum in the US, 
the committee says that “a discernible 
carcinogenic effect could be manifest” 
at these levels of exposure. (The average 


whole-body dose rate to the 30,000 
people currently working in the US 
nuclear industry is between 0.6 and 
0.8 rems a year). 

Applying the linear hypothesis to a 
variety of available data—in particular 
that obtained from survivors of the 
atomic bombs dropped on Nagasaki and 
Hiroshima-—the committee estimates a 
lifetime excess of cancer incidence 
caused by low-LET radiation of be- 
tween 192 and 756 cases per rad per 
million males receiving a single ex- 
posure, and between 344 and 1,031 
cases for females exposed under the 
same conditions. 

The number of excess fatal cancers 
was estimated as between 70 and 353 
per million per rad per year for single 
exposure, and between 68 and 293 
for continuous cumulative exposure. In 
comparison, a report published by the 
United Nations Scientific Committee 
on the Effect of Atomic Radiation in 
1977 estimated an excess of fatal 
cancers of 100 per rad per million for 
both categories (the higher BEIR 
estimates are largely the result of as- 
suming a cancer risk that increases 
with age). 

The legitimacy of these figures is 
questioned, however, by a number of 
members of the somatic effects sub- 
committee. Following what are 
described as “‘unresolvable differences”, 
five have signed a minority report 
stating that the risk estimated given 
in the report for specific organs—many 
of which were derived from the 
Japanese studies—-were excessive, and 
that these figures “‘might be used to 
justify radiation exposure but not to 
indict it.” 

Dr Rossi claimed that there was 
much radiobiological and epidemiolo- 
gical data indicating that the linear 
hypothesis led to substantial over- 
estimates of radiation risk. “There is 
therefore a danger in a report which 
includes any evidence of an increase 
when I feel that the risks are nowhere 
as high as those in the report’, he 
said. 

Dr Radford agreed with Dr Rossi 
that the general alarm about radiation 
dangers associated with nuclear power 
were not entirely justified. “It is a risk, 
but it is not the end of the world by 
any means. People do things to them- 
selves that carry a much greater chance 
of leading to cancer than the effects 
of nuclear facilities,” he said. 

However, he defended the com- 
mittee’s decision to support the linear 
hypothesis for low level radiation, and 
argued that the issues raised about the 
interpretation of scarce scientific data 
were sufficiently important for the 
scientific community at large to become 
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involved in the debate. “lonising 
radiation is a prototype of other 
environmental agents which may be 
carcinogenic, even at low levels, so a 
resolution of this matter is therefore 
important” he said. 

In a separate study published earlier 
in the week, another NAS study group 
looking at the risks associated with 


nuclear power concluded that according 
to evidence in the scientific literature, 
exposure from routine operations of 
the nuclear industry increased the 
cancer risk of the  most-exposed 
members of the public by 0.1% 

If the nuclear industry was to ex- 
pand along currently expected lines, 
there would be between 165 and 255 
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extra cancer deaths attributable to 
nuclear power operations up to the 
year 2000. The academy report says 
that production of an equivalent 
amount of electricity with coal-fired 
power stations would result in an esti- 
mated number of more than 3,000 
associated deaths. 

David Dickson 


Weapons laboratories ‘should retain links with university’ 


AN advisory committee last week re- 
commended to the US Energy Secre- 
tary, James Schlesinger, that the Uni- 
versity of California should continue to 
manage two laboratories which carry 
out the bulk of US research into 
nuclear weapons. However, the com- 
mittee says that the university needs 
to improve the effectiveness of the 
“trusteeship” it has for the two lab- 
oratories, the Lawrence Livermore 
Laboratory outside San Francisco and 
the Los Alamos Scientific Laboratory 
near Santa Fe, New Mexico. 

The committee has also advised the 
department to make a close study of 
alternative ways of managing the 
laboratories—in particular it suggests a 
private, non-profit corporation—if op- 
position within the university to the 
current arrangement should grow to a 
point which makes it “undesirable or 
impossible for the university to con- 
tinue the present relationship”. 

The university’s links with the two 
laboratories, whose activities grew out 
of wartime research but recently ex- 
panded into energy and environmental 
research, has long been a source of 
controversy, Faculty and students have 
attacked the arrangement, some on 
the basis that the university's re- 
sponsibility for classified research is 
unethical, others objecting more 
specifically to the weapons research. 

The current arrangement under 
which the university manages the two 
laboratories for the Department of 
Energy comes up for review next year. 
Last December, Mr Schlesinger asked 
a working group of the Energy Re- 
search Advisory Board (ERAB) to re- 
view the current relationship and re- 
commend how it should evolve “‘to best 
serve the needs of the nation and the 
laboratories”. In its report, which was 
forwarded to Mr Schlesinger by the 
board last week, the working group 
says that the factors which have made 
the university beneficial to the country 
and the laboratories are “lasting and 
fundamental”, and that the relation- 
ship should therefore be continued and 
improved, even though the university 
needed to discharge more fully its 
trusteeship. Referring to what it calls 
a small but vocal opposition to con- 
tinued nuclear weapons R & D in any 
form, it says that protesters often com- 
plicate the laboratories’ already 
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difficult public relations by instigating 
press coverage of “peripheral issues”. 
“The laboratories need support in this 
area which the university could help 
provide” the working group says. 

However it adds that more pressures 
may develop both within and outside 
the university, making it impossible for 
the university to continue the present 
relationship. “The DOE must be pre- 
pared for such possibilities, even 
though we believe them to be remote,” 
the working group says. 

The report generated controversy 
when it was discussed at a meeting 
of the full advisory board in 
Washington last Thursday. Mr Tom 
Cochran of the Natural Resources 


Anti-vivisection demo 


Last weekend about three hundred 
people gathered in Cambridge—the 
place described by their leaders as the 
Mecca of biological research in the 
UK—+to voice their disapproval of the 
use of animals in scientific experi- 
ments. For more than an hour they 
marched through the streets shouting 
their protests at empty laboratories 
and Saturday afternoon shoppers. They 
carried placards bearing slogans 
claiming “Cambridge scientists torture 
animals” and “your taxes pay for 
laboratory sadists to mutilate animals 


with no anaesthesia”. The odd 
one called for the banning of the 
seal hunt and an end to factory 
farming. 

The demonstration, which had 
attracted protestors from as far afield 
as Lancashire, Gloucestershire and 
London, was organised by Jean Pink 


of Animal Aid, an organisation con- 
cerned with the rights of animals, 
whose aim is to achieve the abolition 
of all animal experiments. ‘Vivisec- 
tion is the ultimate in animal abuse”, 
said Mrs Pink. “We demand the total 


abolition of the use of animals in 
laboratories”. 

The protest also included the 
delivery of a letter to the Vice- 


Chancellor of Cambridge University 
expressing the group's concern and a 
talk by Hans Ruesch from Switzer- 
land, whose book Slaughter of the 
Innocents has recently been published. 
There is total ignorance about vivisec- 
tion said Hans Ruesch. He claimed 


Defense Council, said he felt the 
working group had not dealt fully with 
the criticisms that had been made of 
the current arrangements, and that it 
had narrowed its focus by discussing 
merely the university’s ability and 
apparent willingness to manage the 
laboratories, ignoring broader issues. 
After considerable debate, the board 
agreed by 13 votes to 4 to forward the 
working group's report to Secretary 
Schlesinger, with a covering note from 
the chairman, Dr Saul Buchsbaum, ex- 
plaining why the working group had 
interpreted its brief in the way that it 
had. A minority report is being pre- 
pared by dissenting members. 
David Dickson 


hits Cambridge 






Alcott 


Michael 


that few know of the “complete and 
utter uselessness of medical research 
through experimentation”, Movements 
to seek the abolition of animal experi- 


ments had recently started up in 
several countries, he said, in particular 
West Germany and Italy, and also 
Australia. 

The meeting ended with a request 
that the new Home Secretary, Mr 
William Whitelaw, who has just taken 
up his appointment after the election 
of a Conservative government, should 
be bombarded with letters as soon as 
he gets to his new office. 

Judy Redfearn 


© Macmillan Journals Ltd 1979 


92 


Nature Vol. 279 10 May 1979 


Soviet ‘mental illness’ spreads to Czechoslovakia 


Dr Snezhnevskii, of the Serbskii In- 
stitute of Forensic Psychiatry in 
Moscow, is well-known as the man who 
provided a theoretical basis for the 
practice of interning dissidents in 
mental hospitals. According to Dr Eva 
Dubska who left Czechoslovakia in 
1977, at the time of her departure, 
Snezhnevskil’s works were gaining 
support among certain sections of the 
Czechoslovak psychiatric establishment. 
A case history has now reached Nature 
which suggests that the Czechoslovak 
political establishment is prepared to 
add its weight to them. 

According to Snezhnevskn, “all 
psychological illness is a form of 
schizophrenia. Further, he identifies a 
number of subtypes and symptoms not 
recognised abroad. These include 
“sluggish schizophrenia” (with no 
perceptible symptoms), “‘delusions of 
reformism’’, “a mania for protest” and 
the like. In the case of Augustin 
Navratil a 45-year-old Czech recently 
committed to the mental hospital in 
Kromeriz, there are disturbingly clear 
indications that the same diagnostic 
procedures have been used. 


Navratil, who served as a local 
councillor for the revived People’s 
Party under the Dubcek regime and 
who has since worked as a railway 
signal-box guard, was charged in 
January 1978 with slandering the state. 
(He had been collecting signatures for 
one of the many civil rights petitions 
which sprang up in the wake of the 
Charter-77 movement.) 

After considerable bureaucratic 
delays, he was sent to the local mental 





“Fm afraid, doctor prosecutor, you are 
suffering from hysterical self-stylisation 

as a psychologist with an inability to adapt 
to an adequate view of humanity” 


hospital for examination, and found 
unfit to stand trial; accordingly he was 
formally committed for treatment. The 
diagnosis includes such Snezhnevskii 
type expressions as “hysterical self- 
stylization towards the ideal of a strong 
leading personality and with a strong 
moral responsibility which the subject 
understands as ‘fidelity to his principles’ 
and an inability to adapt to an adequate 
view of social reality’. Further “by 
analogy with the fate of past per- 
sonalities the subject thinks that ‘for 
the truth one must logically suffer’. ” 

At times the report becomes near 
ludicrous, quoting IQ figures as evi- 
dence of an unbalanced personality, 
urging treatment although admitting 
that Navratil cannot be brought to 
change his views. However, it is 
suggested, it may be possible to make 
him conform at least outwardly. 

It is, perhaps, this Kafka-esque 
cynicism which is the most alarming 
aspect of the case. Reading the report, 
one gains the impression of a trained 
scientist desperately trying to adduce 
some kind of substantiation for a 
diagnosis already determined. i= 


French stress scientific side of detente in space 


Mr Brezhnev’s invitation to France to 
supply a crew-member for a joint 
manned space-mission with the Soviet 
Union did not come as a complete 
surprise to the Centre Nationale 
d'Etudes Spatiales (CNES). Shortly 
before President Giscard d’Estaing left 
for his “official working visit” to the 
Soviet Union, the chairman of CNES, 
Professor Hubert Curien, said that 
CNES was considering the possibility 
of Franco-Soviet cooperation in 
materials-processing in conditions of 
weightlessness. 

CNES welcomed Mr _ Brezhnev’s 
proposal in principle. They are not, 
however, interested in France simply 
being another country to have one of 
its citizens in orbit. “We are a scienti- 
fic group”, a CNES spokesman told 
Nature. “Such cooperation could be 
quite interesting, but we want to know 
what programme or programmes would 
be involved. We have a lot of inter- 
esting programmes in hand, and if the 
cooperation comes to pass, it would 
probably be one of the people in charge 
of one of these programmes who would 
take part.” 

No date has yet been even tenta- 
tively set for such a mission, nor have 
any details been worked out. But if 
CNES stand by their wish that “he 
would be an experimenter rather than 
a pilot”, a significant change in Soviet 
procedure would be involved. Since the 
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three crew members of Soyuz-l1i died 
tragically during re-entry, Soviet 
cosmonauts have always worn space- 
suits aboard the Soyuz transport 
vessels. The extra bulk means that only 
two cosmonauts can be launched in 
one craft. Although one is officially 
designated the pilot, the other is 
trained to be able to take over the 
controls in an emergency. CNES, how- 
ever, would appear to prefer their re- 
presentative to be essentially a pas- 
senger, ferried up to an orbital station 
where he would then proceed with his 


experiments. 
Although CNES, as scientists, de- 
precate the publicity value of 


participation in the Soviet space pro- 
gramme, both the French and the 
Soviet governments seem to place great 
stress on it as what Mr Brezhnev last 
week called a “barometer of detente”. 
France has occupied the leading posi- 
tion among non-Comecon countries in 
bilateral space cooperation with the 
Soviet Union. 

The first general cooperation pro- 
gramme to include space was signed 
in 1966, and was presumably intended 
by the Soviet Union to encourage de 
Gaulle in his attempts to detach France 
from the US and NATO. Although 
French foreign policy has changed 
under succeeding presidents, the 
general world climate of detente and 
the impetus which the Franco-Soviet 


space programme had already built up 
ensured its fruitful continuation. 

France has, accordingly, taken part 
in a number of joint projects with the 
Soviet Union, including a laser- 
reflector experiment to determine 
accurately the distance to the Moon, 
a study of the atmosphere of Venus, 
investigation of solar radiation from 
Mars probes, studies of the magneto- 
sphere, solar neutrons and gamma 
rays, and a programme of simultaneous 
rocket launches to study the Aurorae 
borealis and australis. 

At present, aboard Salyut-6, cos- 
monauts Vladimir Lyakhov and 
Valerii Ryumin are responsible for a 
France-Soviet materials-science ex- 
periment to synthesise magnetic alloys 
from materials which do not give rise 
to magnetic compounds in conditions 
of Earth gravity. This type of experi- 
ment will certainly be in the CNES 
planners’ minds when they work out 
their programme for their ‘‘experi- 
menter”. Before he dons his space- 
suit, however, one important point re- 
mains to be settled by that branch of 
the Academie Francaise which 
regulates neologisms and loan-words. 
Is it the nationality of the crew- 
member or the registration of his craft 
which determines his designation? In 


other words, will he be officially 
described as an astronaut or a cos- 
monaut? E 


© Macmillan Journals Ltd 1979 


Nature Vol. 279 10 May 1979 


93 





Carter urges expanded nuclear power programme: President 
Carter has told members of the US Congress that he 
strongly supports an expanded nuclear power programme, 
and that despite his continued opposition to the liquid metal 
fast breeder reactor at Clinch River, Tennessee, he is still 
in favour of the development of a more advanced fast 
breeder. “I want to emphasise that my opposition to the 
CRFBR does not imply my opposition to breeder reactors 
in general or to nuclear power’, the President wrote in a 
letter to Congressional leaders asking them to support his 
attempts to halt the Clinch River project. “We need to 
pursue a vigorous programme of breeder reactor research 
and development so that this option can be commercially 
available to us if and when we need it.” The President’s 
remarks became publicly known two days before a mass 
anti-nuclear demonstration was held in Washington. 


Official BNFL response on Windscale leak: Sir John Hill, 
chairman of British Nuclear Fuels Ltd, has responded to 
government enquiries about the highly active Windscale 
leak first reported on 18 March. In a letter to Tony Benn, 
outgoing Energy Secretary, Hill outlined the history and 
current status of the leak. High activity of 200 millicuries 
per litre was first recorded from borehole number 63 in 
November after four previous samplings done earlier in the 
year showed a lower activity of 0.2mCi/l This lower 
activity “did not cause particular concern” says Sir John 
because it was consistent with contamination due to a spill 
occurring twenty-five years ago. By March, investigations 
showed that the new activity was consistent with activity 
discovered in an oOut-of-use steel-lined sump located in an 
annexe where buffer storage tanks are housed. The route 
from the sump to the borehole is still unknown, however. 
The letter states that laboratory tests show that the “mean” 
migration rates of Cs and "Sr in soil are about | metre in 
“several hundred days” so that activity will have decayed 
“to an insignificant level before the site perimeter 1s 
reached” 


National Cancer Institute criticised over carcinogen testing: 
The US National Cancer Institute in Bethesda, Maryland, 
has been strongly criticised by the General Accounting 
Office, the investigating arm of the US Congress, for 
deficiencies in the managements of its programmes for 
testing substances for possible carcinogenicity. In a report 
published last week, the GAO says that in particular the 
Institute failed to spot serious deficiencies in testing pro- 
grammes carried out on a contract basis by private research 
companies. The GAO said that many of these companies 
used unacceptable procedures to test chemicals, and that 
many test results had had to be thrown out by the Institute, 
at a cost of millions of dollars. Another report published 
by the GAO has criticised the lack of sufficient training 
in professional ethics given to employees of the National 
Science Foundation, particularly over activities relating to 
dealings with possible future employers. The GAO says 
that in discussions with programme managers in the NSP, 
investigators found that it was not unusual to be asked for 
an interview with an organisation for future employment 
while involved in reviewing grant applications or monitoring 
ongoing work for that organisation. 


DHSS proposes increased job security for research staff: 
Professor A. J. Buller, Chief Scientist at the UK Depart- 
ment of Health and Social Security, has proposed a new 
scheme to save the jobs of scientists faced with unit closures. 
Under the scheme participating directors of DHSS- 
supported units will consider researchers who are made 
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Telescope, which was commissioned 


redundant by unit closures for any vacancies that arise— 
before they invite applications from other candidates. 
Directors of units are under no obligation to hire anyone 
they consider to be unsuitable. In addition the DHSS will 
make extra posts available to directors pending vacancies in 
their normal complements. The DHSS will also pay for 
researchers’ removal costs. But researchers will be expected 
to move to any part of the country and if they refuse, ‘‘even 
if there is only one offer they will be made redundant”. The 
proposal has been circulated to the 34 DHSS-supported units 
and will be put into operation when 20 units have accepted. 


Australian trade unions act to stop proliferation: Mr Cliff 
Dolan, vice-president of the Australian Council of Trade 
Unions, announced last week that three major trade unions 
would withdraw their labour to halt two new uranium 
projects in northern Australia. Citing the dangers of pro- 
liferation, waste disposal and health hazards, the ACTU 
has opposed the mining and export of Australia’s consider- 
able uranium reserves estimated to be 20% of the Western 
world’s supply. The Amalgamated Metal Workers and Ship- 
wrights Union, the Australian Railways Union and the 
Electrical Trades Union have agreed at recent meetings to 
follow the ACTU’s recommendation. The unions will stop 
manufacture of mine equipment and its transport to mining 
sites. 


Sweden and China to cooperate: The Royal Swedish 
Academy of Sciences and China’s Academia Sinica have 
signed an agreement on cooperation in basic sciences. The 
agreement, signed in Peking during a recent visit by 
Professor Carl Gustaf Bernard, secretary of the Swedish 
Academy, comes into force on 1 July and provides for 
mutual exchanges of scholars. The Swedish Academy of 
Engineering Sciences has signed a similar agreement with 
the Chinese. In a discussion of Chinese science policy, Vice- 
President Fang Yi told Bernard that he was trying to restore 
the damage done to basic science by the Gang of Four. 
Training scientists in the West was a good way of tackling 
the problem. Several hundred scientists will probably visit 
Sweden under the new agreement, beginning with ten 
interested in methodology in basic research. Another area 
in which the Chinese want Swedish help is geology. Develop- 
ing their natural resources in one way of paying for their 
modernisation programme. In response to a question on 
environmental pollution, the Vice-President replied that in 
a period of enormous expansion, it was more important to 
build up the industries than to confine their pollution. 


India’s new radio telescope oper- 
ational soon: By the end of this 
year India’s new aperture synthesis 
radio telescope will be fully oper- 
ational. It is the latest addition to 
the Tata Institute of Fundamental 
Research’s (TIFR) Radio Astron- 
omy Centre at Ootacamund. Like 
the previous Ooty Steerable Radio 





in 1970, its design and construc- ykä | i 
tion is completely Indian. Its D Eae will be equivalent 
to that of a 4 km diameter parabolic dish. The new telescope 
is an assembly of seven antennae which will be linked to 
the main Ooty Steerable Radio Telescope. The total 
estimated cost of the additional antennae and associated 
equipment is 4 million rupees (£180,000), an amount which 
makes it one of the cheapest aperture-svnthesis radio 
telescopes. From Dilip M. Salwi in New Dethi 
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Energy search 
comes down 
to earth 


David Dickson reports on US 
hopes of extracting heat 
directly from the earth’s crust 


Hor dry rock, its supporters believe, 
offers one of the few practical, medium- 
term alternatives to fossil or nuclear 
sources of energy with little of the 
environmental problems or shortages 
associated with either. If it can be 
tapped efficiently, the potential energy 
available from the heat stored in the 
Earth’s crust is enormous. It has been 
estimated that the energy supply for 
the US for a whole year is contained 
in a 50 cubic mile block of hot granite. 

“We also think that it is the cleanest 
source of energy on the horizon,” says 
Mr Greg Nunz, recently appointed 
manager of the Department of Energy's 
National Hot Dry Rock (HDR) Pro- 
gram at the Los Alamos Scientific Lab- 
oratory in northern New Mexico, 
where research into possible extraction 
techniques has been going on since the 
early 1970s. 

At present, the most traditional and 
widely used method of extracting geo- 
thermal heat is through tapping under- 
ground reservoirs of hot water. The 
Los Alamos scientists, however, are 
developing ways of extracting heat 
from rock which is usually a result of 
radioactive decay, or of molten magma 
below the Earth’s crust. The technique 
is to pump water down from the sur- 
face into a fracture that has been arti- 
ficially created in impermeable rock. 
The water absorbs the heat from the 
rock, and is pumped back up to the 
surface again under sufficient pressure 
to prevent it from boiling. 

“The concept is really very simple: 
we are literally trying to ‘mine’ the 
heat by creating a heat-exchanger 
underground”, says Mr Nunz, pointing 
out that HDR techniques are therefore 
more flexible than those which require 
the existence of natural hydrothermal 
reservoirs. 

Soon after discussions began at Los 
Alamos about the potential of HDR, 
field investigations were carried out 
into the high thermal gradient char- 
acteristics of the nearby Jemez Plateau, 
site of the third largest extinct volcano 
in the world. A preliminary test hole 
was drilled to a depth of 785 metres, 
where the temperature of the surround- 
ing rock was found to be 100°C. A 
second hole following two miles away 
\at a site known as Fenton Hill. This 
‘found a temperature of 197°C at a 
depth of 2,929 metres, 
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Steam is released at the hot dry rock facility, Los Alamos 


The next stage was to pump water 
under pressure down the drill-hole, 
opening up plate-shaped cavities—the 
largest having a radius of 215 metres 
—at the bottom. A further hole was 
then drilled from the same site in the 
hope that it would intersect the largest 
cavity and provide a channel for hot 
water to be returned to the surface. 
Uncertainty about the exact shape of 
the cavity, however, meant that the 
new hole failed to make the inter- 
section. Mr Nunz explains that “the 
instrumentation of the time was not 
up to the job”. 

The next two years were spent de- 
veloping techniques to get a better 
understanding of the geometry of well- 
bores and of fractures. In early 1977, 
the first of the Fenton Hill holes was 
re-drilled, this time successfully inter- 
secting a fracture made at the base of 
the second. And late in the year the 
first circulation of water took place, 
using a heat-exchanger at the surface 
to disperse the heat brought up. 

Tests carried out so far on the com- 
pleted system have been a “‘tremen- 
dous success”, says Mr Nunz. For ex- 
ample, during an initial 20-hour run the 
temperature of the water reaching the 
surface rose by 130 °C. Water quality 
was good, with a low concentration of 
minerals that could have clogged up 
the system. 

This was followed by a 75-day test 
at the beginning of last year, during 
which the amount of energy extracted 
rose to about 5000 kW. The amount of 
water lost to the surrounding rock 
stabilised at no more than 1.5'%, of the 
circulation rate. 

The success of this trial system led 
the Department of Energy to announce 
last autumn that it was setting up a 
national Hot Dry Rock Geothermal 
Energy Program, to be managed by the 
Los Alamos Scientific Laboratory— 
itself run by the University of Calif- 
ornia for the department—with the 
overall aim of determining the poten- 
tial of HDR as a significant energy 
source, and if possible of providing a 
basis for its commercial development. 

The scientists at Los Alamos are 
already convinced that energy pro- 
duced in this way—at least that which 


can be used for heating—is potentially 
competitive in price with other more 
conventional sources of energy, and is 
likely to become increasingly attractive 
as the price of the other sources con- 
tinues to rise. A recent study carried 
out with economists from the Uni- 
versity of New Mexico, for example, 
reached the conclusion that in areas 
where the geothermal gradient is 40 “C 
or more per kilometre depth, electricity 
produced by HDR techniques would be 
competitive with other sources produc- 
ing energy at 3 cents a kilowatt-hour. 

The scientists also claim, that, so far, 
they have not been able to detect a 
significant environmental impact from 
the work on the Fenton Hill site. There 
has been virtually no disruption of 
local ecosystems, neither has the drill- 
ing caused any measurable seismic 
activity, 

The next step in the national pro- 
gramme is to see if the results achieved 
at Los Alamos can be repeated else- 
where. Already three of the 100-mile 
square sites in different parts of the 
US are being examined as possible 
candidates for a second drilling pro- 
gramme. Meanwhile back at Fenton 
Hill, work has already started on a 
deeper hole, drilling to temperatures 
around 260 °C, which, it is hoped, will 
be able to demonstrate the commercial 
potential of HDR to interested utility 
companies. If successful, this could 
lead to a 50kW experimental plant. 
sufficient to provide the electricity 
needs of 5,000 people. 

One problem that the programme 
managers face, however, is gaining 
public recognition of the potential of 
HDR. “Right now, public perception 
of the potential is almost zero. And we 
are planning to have a contractor look 
at the problem and decide the most 
cost-effective way to do some public 
education,” says Mr Nunz. 

Among those to whom the message 
will be directed are likely to be mem- 
bers of Congress. So far federal support 
for the HDR programme has been ex- 
tremely modest compared to the 
amount spent on research on other 
energy sources. Funds for the first few 
years’ research came from the Lab- 
oratory’s discretionary money, and 
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over a seven-year period the whole 
programme has cost under $40 million. 

Already other countries, particularly 
those with favourably geological con- 
ditions, have shown close intérest in 
the programme. Once a year the pro- 
gramme managers hold a formal 
seminar in Sante Fe to discuss the pro- 
gress of the project, attended by scien- 


tists from many parts of the world. 
Both the Japanese and West German 
governments have offered to provide 
funding for the programme. 

The federal programme is now 
focused on 1986, when a decision will 
be taken on whether to move the whole 
programme up to a near commercial 
scale. 
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At Los Alamos, they are confident 
that these investigations will be suc- 
cessful. “I don’t think that the world 
has discovered hot dry rocks yet. But 
we see it as the only major alternate 
energy source that can be developed in 
this century, and do not understand 
why the powers that be are not more 
excited about it,” says Mr Nunz. © 


Harrisburg shakes up Sweden’s nuclear war of words 


THE Harrisburg reactor accident hit the 
Swedish nuclear energy debate like a 
Karate chop. The Social Democrats, 
long supporters of Sweden’s nuclear 
development and opposed to a refer- 
endum on it, announced that the 
accident was serious enough to make 
them change their basic judgements: 
there should be a Swedish committee 
of enquiry into Harrisburg and a 
referendum should be held. The Liberal 
party government changed with them 
and declared that no more reactors 
should be loaded until after the refer- 
endum. And an opinion poll taken 
after the accident shows a dramatic 
anti-nuclear swing: 53% of people 
asked said that they would vote against 
nuclear power in a referendum and 
only 26% said they would vote for. In 
January, the same question produced 
43% against and 41% for. On the face 
of it, then, Sweden’s nuclear future is 
wide open again. Or is it? 

The seven years of Sweden’s public 
nuclear debate has shown that facts 
enter politics only to the degree con- 
venient for either side. More facts are 
being gathered now: a party of Swedes 
and Danes left this week for Harris- 
burg, and, on the domestic front, a 
working group is about to investigate 
Good Friday’s accident at the Barse- 
back 1 plant, within sight of Copen- 
hagen. In this accident—‘‘the worst in 
Sweden so far”, according to a spokes- 
man at the Nuclear Power Inspectorate 
-~the generator exploded, throwing out 
metal projectiles (including a two-ton 
steel capsule) which did not, however, 
penetrate into the reactor itself. But it 
is hardly likely that any of the facts 
uncovered by these groups will be 
treated any differently from those 
already paraded. The referendum, to be 
held next spring, will be advisory—but 
its ‘advice’ will no doubt be used only 
so far as the politicians find convenient. 

The last act of last year’s three-party 
coalition government was to refuse the 
nuclear industry’s application for the 
loading of the Ringhals 3 and Forsmark 
1 reactors, on the grounds that the 
industry had not shown the existence of 
a sufficiently large rock formation with 
appropriate characteristics for final dis- 
posal of waste. The government said 
that, if the industry found rock they 
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considered more suitable, and if it is 
approved by the Nuclear Power Inspec- 
torate, the government would give 
permission to load the reactors. After 
the coalition fell, and the pro-nuclear 
Liberal party government took over, 
the industry duly made more inspec- 
tions on Sternö, near Karlshamn in 
southern Sweden, and made a new 
application. 

The Inspectorate decided to oppoint 
a group of eight independent geologists 
(six from Sweden, the others from 
Norway and Finland) to assess the in- 
dustry’s report, giving the Inspec- 
torate’s Board a factual base for its 
recommendation to the government. 
The new government announced that 
it would be bound by the Inspectorate’s 
recommendation—and that it was con- 
fident that the Inspectorate would be 
able to recommend that the loading 
should go ahead. 


Rock unsuitable 

Seven of the eight geologists found 
that the geological properties of 
the Sternö rock were such that it 
“cannot be used for the storage pro- 
posed by the nuclear industry”. They 
reported: “The holes drilled (by the 
industry) are too few and drilled in 
such directions that, even if they had 
all shown fracture-free, homogenous 
rock, they would not have sufficed to 
show unambiguously that the rock ful- 
fils the set conditions.” The group 
found fractures not discovered by the 
industry, and these could reduce the 
area usable for storage from the desired 
Ikm’ to 0.3 km”. Although storage 
requires homogenous rock, the investi- 
gated area contained three different 
types of rock, and the consequences of 
this had not been sufficiently investi- 
gated. The group maintained that it Is 
impossible, at present, to determine the 
permeability of the rock—yet the 
nuclear industry’s safety analysis de- 
pends on this parameter. 

But the Inspectorate’s Board did not 
recommend that the loading be stopped. 
In a masterly formulation, it told the 
government that the geological quali- 
ties of the rock must be seen in the 
context of all the barriers designed to 
prevent leakage of waste including 
vitrification and encapsulation. “The 


Inspectorate does not maintain that 
each one of these barriers must give 
that degree of protection assumed by 
the nuclear industry in order for the 
final result to be regarded as wholly 
secure. The importance of the 
demands made on the geological barrier 
should not be exaggerated ... if the 
other barriers work satisfactorily.” 
The question of whether the industry 
had shown that the rock met geological 
standards for deposition of nuclear 
waste was neatly sidestepped. The 
Board said that it was not unanimous 
on the meaning of the word “show”, 
and therefore could not say whether 
the standards had been met or not. 

“This has been such a political affair 
that science has been totally over- 
ridden”, says Dr Arne Wesslén, one of 
the eight geologists. “It is regrettable 
that a regulatory authority can appoint 
a group of experts who give such a 
consistent opinion, and then ignore it 
for political reasons.” Dr Bengt Aberg, 
another of the geologists, agrees. “We 
did the work scientifically. The Inspec- 
torate tried to find ways around certain 
parts of our report”, he says. And a 
spokesman at the Inspectorate admits, 
“We found ourselves under intense 
political pressure”. 

Ironically, all the geologists think 
that it should be possible to find rock 
in Sweden with the desired character- 
istics. “Sternö was not chosen for geo- 
logical reasons”, says Dr Aberg. “The 
industry has had to rely on areas it 
owned or where it was given permission 
to drill. On Sternö, no holes could be 
drilled outside the power station fence! 
We should have a law allowing drilling 
to be done in geologically-likely areas.” 

The day after the Inspectorate’s 
Board met, the accident happened at 
Harrisburg. In the aftermath of that, 
with the ban on loading more reactors 
until after the referendum, the Board’s 
verbal acrobatics proved to have been 
unnecessary--for the time being. 
Politicians’ energies are now concen- 
trated on the fight over the wording of 
the referendum question, and bitter 
fights lie ahead. In the meantime, as 
September’s general election looms, 
nuclear power is not likely to be 
forgotten. 

Wendy Barnaby 
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UNCSTD °79: This is the first of a series of articles 
leading up to the opening of the United Nations Con- 
ference on Science and Technology for Development 
(UNCSTD) in Vienna on 20 August. So much hot air 
has risen over the nature of the conference itself that 
the real problems facing science and science planning 
in the Third World have been forgotten. So we sent a 
team of writers to the grass roots. We asked Dr Hanlon 
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to look at the problems, on the ground, of an African 
country. He chose Ghana. We asked Anil Agarwal, a 
respected Indian science journalist now working in 
London, to visit India to report on the changing shape 
of science under the Janata government. And we have 
granted writing fellowships to scientists to visit and 
report on affairs in South America. We shall also have 
reports on South-East Asia and the Middle East. 


Ghana: struggling for scientific independence 


“TWELVE years ago I came back with 
a PhD in magnetohydrodynamics. I 
tried to work here, but there was no 
point. It was totally useless in Ghana.” 
Now K. O. Kessey is professor of 
mechanical engineering at the Univer- 
sity of Science and Technology (UST), 
working in refrigeration. “Twelve 
years ago, I couldn’t imagine me doing 
earthly things—I was highly mathe- 
matically inclined. But you must use 
your knowledge and experience in a 
new situation, Students come back 
from abroad and they are helpless and 
hopeless. They say ‘Oh, I don’t have 
the equipment to continue my work’. 
So they do nothing. But it’s just an 
excuse.” 

Dr Dwuma-Badu, head of the UST 
pharmaceutical chemistry department, 
and one of many working on herbal 
medicine, said: “With the equipment 
here, we cannot challenge pharmacy 
schools in developed countries with 
synthesising new compounds. So we 
work with Mother Nature to find what 
is there.” 

These comments reflect a growing 
change in Ghana. Science there used 
to be closely modelled on the British 
pattern; but as more graduates 
returned from studying abroad they 
began to question the relevance of 
their training—and of Western science 
in general. Meanwhile, the govern- 
ment, which had previously ignored 
science, began to ask what it was 
getting for its money. Both sides began 
to realise that Western science had 
simply been transplanted and allowed 
to grow in isolation, producing neither 
good science nor anything useful for 
the country. 

As a result, the government set up 
a committee to review the Council for 
Scientific and Industrial Research 
(CSIR), and after its highly critical 
report, CSIR sharply changed direc- 
tion. The Five Year Plan published two 
years ago was also the first Ghanaian 
development plan to have a section on 
science and technology. 

As Dr M, N. B. Ayiku, head of 
CSIR’s Industrial Research Institute 
explains, “there is only one science— 
only one set of laws of nature. But in 
a particular society, a certain type of 
science is emphasised. There is bound 
to be an accent based on our own 
problems. We must start small and 
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First World universities still set 
the pace for science in Africa. 
But the resulting research is 
often irrelevant 


Report by Joseph Hanlon 


solve the little problems first. But as 
you solve the little ones, you unearth 
the big ones.” And that brings new 
areas of basic science into view. 

Professor Albert N. Tackie, head of 
CSIR, points to the other side: no 
one else will solve Ghana’s problems— 
such as malaria, “If we want to tackle 
our diseases, we will have to do the 
research.” Similarly, he points to 
building, where Ghana still relies on 
imported cement when it should be 
concentrating on local bricks and 
timber. The latter requires the study 
of another problem that is much less 
serious in temperate zones and thus 
little researched——termites and other 
insect pests. 

Basic research--now underway on 
several Ghanaian problems, may have 
application clsewhere, for example: 

@ At UST, the chemistry and biology 
departments are working on bacteria 
to leach gold ore from the sulphur in 
which it is embedded. 

© At the University of Ghana geolo- 
gists are studying an earthquake fault 
which runs through Accra. It has not 
been active until recently, and its 
activity is not explained by current 
theories, so it is of general geological 
interest. The research also has practical 
value for Accra, where 16 people were 
killed in the 1939 earthquake. 

@® The Food Research Institute is look- 
ing into the preservation of kenky, 
fermenting corn meal, which must be 
sold and eaten in just a few days before 
it becomes too sour. The Institute is 
experimenting with dehydration to 
improve storage and distribution. Little 
work has been done elsewhere on dry- 
ing fermented doughs, because they 
are rarely eaten in developed countries. 
@ Ghana is well-advanced in the study 
of herbal medicines (the subject of a 
later article). 

Not all of Ghana’s scientists have 
made the transition; it has been hard 
even for those who support the 
changed policy. J. Maud Kordylas, 
head of the Food Research Institute, 


talked of her own research. She is now 
working on the use of the winged bean 
as a weaning food. Nutrition studies 
have shown a definite need for a sup- 
plemental weaning food, but peasants 
cannot afford to buy commercial ones. 
The winged bean can be grown locally 
and is an important source of the amino 
acid methionine. Kordylas’s work on 
processing the bean is very different 
from what she was doing before. “I 
worked on vitamin A metabolism with 
respect to cholesterol at the London 
School of Hygiene and Tropical Medi- 
cine. I see high blood pressure in Gha- 
naians and I know they eat a lot of 
palm oil which is high in vitamin A, 
so I know it would be useful. And that 
sort of work gives me more satisfaction 
as a person. But we have many nutri- 
tional problems. In practice, the 
winged bean is a more useful project 
for Ghana.” 

Postgraduate studies abroad remain 
a necessity, but Ghana now scrutinizes 
these more closely. CSIR sends many 
of its research officers abroad for MScs 
and PhDs, and four years ago, it began 
vetting their research projects to make 
sure they are relevant, according to 
Tackie. Nicholas Darkwa, for example, 
has recently returned from North 
Carolina University with a PhD in pulp 
and paper science. His research topic 
was making paper from the stalks of 
plantain, a banana-like plant very com- 
mon in West Africa, and CSIR actually 
shipped plantain stalks to him in the 
US for his work. Another CSIR re- 
searcher is studying making paper from 
local hardwood trees as part of his 
work in the USSR. Tackie hopes that 
the two will form the scientific basis of 
a Ghanaian paper industry. 

The other side of education abroad 
is the brain drain, both short and long 
term. Foreign countries may subsidise 
Third World students, but they extract 
a high price—encouraging the brightest 
to remain abroad. UST vice-chancel- 
lor E. Bamfo Kwakye comments “to 
send your best students out means that 
you neglect your own postgraduate 
activities. Furthermore, it costs 24,000 
cedis a year to keep a postgraduate 
student in the US—we pay a profes- 
sor less than half that. Finally, we have 
severe staff shortages.” So UST has 
changed its policy: fewer students are 
sent abroad, and an effort is, being 
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made for joint MSc programmes, in 
which the student returns to UST to 
finish his or her research. 

Although the new policies of UST, 
CSIR, and others are working well in 
some areas, in others they are not. 
UST has a joint chemistry MSc pro- 
gramme with a foreign university 
which simply allowed UST students to 
enrol there for a PhD rather than 
return to Ghana, defeating the whole 
point of the programme. A physicist 
told me he was working on electron 
transport in thin manganese films, a 
project of no apparent relevance to 
Ghana, because it was the area of a 
visiting British professor. Manganese 
may not be useful for Ghana, “but 
for someone who wants to get his PhD 
and get promoted, it is useful,” com- 
mented the physicist honestly. Promo- 
tion is always a bugbear in science, and 
it is a special problem in Ghana, both 
because the system is very rigid and 
because it has failed to take into ac- 
count the new attitudes toward 
research. “People are employed on the 
basis of being world class scientists who 
are employable in Britain or the US, 
not on whether they can solve local 
problems,” declared M. D. Swain, a 
Ghana University botanist. 

Promotion at CSIR, for example, is 
based on four things: a list of publica- 





Above: Professor Tackie, research council 


chairman, Below: Professor Kessey with 
down-to-earth invention, a special carrier 
for keeping vaccines cold. 
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tions, reports on those publications by 
outside assessors who are primarily 
foreign, annual assessments, and super- 
visor’s comments. There is little con- 
sideration of work that may have been 
highly useful but has not led to publi- 
cations. Ayiku complained: “If I want 
promotion in CSIR, my curriculum 
vitae is sent to Germany or England. 
where I am judged by European stan- 
dards.” CSIR claims to have changed 
its policy somewhat, using a few local 
assessors for papers, for example. But 
few people, inside or outside CSIR 
seem aware of the change. 

In practice, the universities are just 
as bad. “It shouldn’t be the sine qua 
non for promotion to be published in 


prestige Western journals,” admits 
Kwakye—-but it still is. 
Often, because of rigidity, places 


simply do not get filled. Several UST 
departments do not have professors, 
even though they are being run per- 
fectly well by acting heads who only 
lack the paper qualifications. One 
University of Ghana department has 
four of its 11 senior positions vacant. 
Yet, when a highly competent man ap- 
plied, he was rejected—because he had 
failed his first year of university, even 
though he repeated it successfully and 
has since done well. 

There are few local journals and 
they are rarely published because of 
lack of foreign exchange, so publication 
means publication in a foreign journal. 
One botanist considered looking at 
sour grass, a weed first noticed in 
Africa only two years ago and now 
slowly spreading out from Accra. It 
would have made a useful piece of 
scientific work, ideal for a local journal; 
but lacking international interest, it 
would not qualify for a foreign journal. 
So the work was not done. 

Another adverse factor is the lack 
of an outlet for the results of relevant 
research. Scientists complain that, de- 
spite the lip service paid in the Five 
Year Plan, research is still not taken 
seriously. Ghana’s national paper for 
UNCSTD, written by Tackie, com- 
plains that “the major scientific and 
technological institutions such as CSIR 
and the National Standards Board are 
not involved in investment decisions . . 
development planning is entrusted 
almost exclusively to economists. . . 
There is no effective accompanying 
technological evaluation.” 

There is little industrial take up of 
ideas generated by researchers, either. 
UST set up a few small manufacturing 
units on campus using simple equip- 
ment and local materials. The engineer- 
ing faculty makes pumps and traffic 
lights and the arts faculty has a 
ceramics production unit. “Originally, 
we hoped that entrepreneurs would take 
these out of our hands, but this has 
not happened, so we continue to manu- 
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facture,” Kwakye said. 

Continued dominance of the 
economy by foreign companies also 
reduces the opportunity for local re- 
searchers. “The multinationals are so 
powerful; Ghana is so poor. It is im- 
possible to think how we shall break 
this hold,” comments Kwakye. Much 
applied and basic research is done out- 
side the country or by outsiders. For 
example, when off-shore oil explora- 
tions began, the international oil com- 
panies asked local geologists to give 
them a basic briefing, and then they 
brought in their own geologists. So the 
local geologists gained nothing out of 
the project except a few small fees. 

The scientists themselves are partly 
to blame. The ecology and geology of 
Ghana remain poorly studied. Tropical 
forests are Ghana’s second highest 
foreign exchange earner, yet they are 
little researched. Tropical ecology is 
different and much more complex 
than temperate, and is sure to become 
a prime research area as the temperate 
zones are better understood—indeed, 
much basic science in the future will 
probably have a tropical bias. But it is 
not the Ghanaians who are moving into 
these new areas, but the white expat- 
riots and visitors. Even the research 
into earthquakes is dominated by 
people and equipment from London 
University. 

Some change does seem to be taking 
place in Ghana, however. There has 
been a realisation, as the UNCSTD 
paper notes, that “some of the 
measures taken so far towards the goal 
of economic independence have para- 
doxically led to a greater degree of 
dependence on the industrialised 
nations.” Ayiku notes that Ghana has 
been buying technology as if it were 
Coca Cola—to be consumed and thrown 
away with no understanding of it. As 
Ghana University geologist Mike 
Mensah points out: “a developing 
country that cannot do research will 
always be an importer of technology.” 

But, as the UNCSTD report also 
notes: “The Ghanaian experience sug- 
gests that mere growth in the volume 
of scientific research or the use of 
advanced sophisticated industrial 
plants or machinery will not of them- 
selves bring about development. It is 
essential that scientific research should 
reflect the true needs of development.” 

This must be done with the facilities 
available in Ghana. Ivan Addae- 
Mensah, a University of Ghana 
chemist, concludes: “If you want to 
do high-falutin sophisticated research, 
you can’t get anything done here. But 
if you actually want to be a scientist 
here, you must look for the problems 
around you.” C) 





Dr Hanlon is a science journalist 
specialising in Third World affairs. 
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Why eating should carry a 
government health warning 


It is time for scientists to swallow their doubts and press for 
a proper food policy which will save lives, say John Rivers 
and Philip Payne of the Department of Human Nutrition, 
London School of Hygiene and Tropical Medicine 


Ir is generally agreed that food can 
kill, but argument persists as to 
whether anything should be done about 
it. Government action on diet and 
health has so far been minimal 
essentially because argument over the 
exact risks of eating has dwarfed any 
attempt at exploring the problems of 
doing something about them. We 
believe, however, that the latter issue 
is not merely as important as the 
former, but must be resolved first: we 
must know what kinds of action we 
might conceivably agree to before it is 
even worth considering the role of diet 
in disease. 

It is widely agreed, by both nutri- 
tionists and the general public, that 
changes in diet occurring in the past 
100 years have at least some role in the 
increased incidence of a whole range 
of diseases from dental caries and 
obesity to cardiovascular disease and 
cancer, These dietary changes have 
been many and complex, and major 
controversies exist as to exactly which 
are to be held responsible for the in- 
crease in diseases of affluence. 

Considerable publicity has been 
given to such controversies, not least 
by interested organisations in the food 
industry who feel their own products 
might be under attack. Understandably 
such publicity as a rule is aimed at 
defending the notion that all existing 
consumption patterns are expressions 
of free choice, and should be regarded 
as Innocent until proved guilty. This 
philosophy of waiting for absolute 
scientific proof attracts much support 
from the health professions, not least 
because it implies both the need for 
much continuing scientific research, 
and that the professions involved will 
define and apply their own criteria for 
what constitutes adequate proof. 

Paradoxically the adherence of the 
health professions to a philosophy of 
waiting for certainty coexists with a 
broad professional consensus that 
would support moderation in eating, a 
reduction in fat and sugar intakes, and, 
in consonance with many other 
fashionable theories about conservation 
and ecological balance, some degree of 
reversion to diets with greater pro- 
portions of plant foods and fewer re- 
fined components. This consensus is 
clearly only provisional. That is, whilst 
there is not wide agreement that these 
changes will ultimately be shown as 
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sufficient, or indeed necessary to bring 
about a general improvement in nutri- 
tion, they are currently widely accepted 
as reasonable goals for any individual 
interested in conserving health. It jis, 
in short, the best advice we can offer 
at present. 

Unfortunately the nutrition pro- 
fession in the UK has a somewhat 
vacillating attitude about what to do 
with its consensual knowledge. There 
is much pride about the role that 
nutritionists apparently played in the 
institution of a nutritionally based food 
policy during the second world war. 
There is widespread involvement with 
organisations like FAO and WHO in 
attempts to ensure that nutrition Is 
integrated into the development poli- 
cies of the Third World. 

Yet concern for the nutritional 
problems of our affluent society is not 
translated into such decisive action. 
Admittedly individual nutritionists try 
to persuade, cajole and educate the 
public, but the profession has, as yet, 
stopped short of concerted action. It 
does so on the ground that present 
knowledge is inadequate. Clearly it is, 
but insofar as dietary moderation 
would tend to halt some of the major 
current trends of dietary change, it 
represents a policy of conservative 
caution, an attempt to stand still until 
the implications of change are better 
understood, This is a powerful argu- 
ment to weigh against the elusive ideal 
of certainty. 

It is generally agreed that piecemeal 
nutrition education usually fails, and 
some government action is needed. If 
the government were persuaded to sup- 
pott a strategy for health it would 
require at least consistent and relevant 
action by various ministries, and pos- 
sibly regulations for the control of 
advertising. Such a sweeping approach 
might well be effective in changing the 
overall pattern of consumption, but is 
resisted on two grounds: it would con- 
stitute an unjustified interference with 
free choice; and the economic costs to 
agriculture and industry of adapting to 
new patterns of demand would be un- 
justifiable in view of the uncertain 
benefits. We reject both these objec- 
tions. 

In the UK, government intervenes in 
agriculture in many different ways, and 
any idea that we have a free market 
economy in food is a myth. The choice 
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Choosing can be difficult . . 


is between agricultural policies that 
ignore the health of the consumer, and 
those in which health is one of the 
considerations used to frame policy. 
At the moment, health enters only peri- 
pherally into, for example, regulations 
to prevent the adulteration of milk. 
The central complex of subsidies and 
support systems that shape agricultural 
policy in the UK seem to exist for 
wholly non-nutritional reasons. The 
subsidy on butter may make political 
sense, but, in a country where the 
consensus advice is to reduce dairy fat 
consumption, does it make nutritional 
sense? 

The incentives for producing fat ani- 
mals result in masses of fatty carcass 
waste that is used in the manufacture 
of cheap convenience foods such as 
Sausages and beefburgers. A health 
conscious consumer has a difficult ba- 
lance between cost, time and risk to 
cope with, and he may feel that choos- 
ing a diet he regards as unhealthy is an 
unavoidable risk. The refusal of the 
Milk Marketing Board to make reduced 
fat milks freely available; the absence 
of regulations requiring the labelling 
of cheeses with fat value; the wide- 
spread use of sugar in processed foods; 
the high price of wholemeal bread— 
all these results of government food 
and agricultural policies, or the mar- 
keting practices of virtually uncontrol- 
led oligopolies, seriously impede any 
individual seeking to follow the sort of 
dietary advice which most nutritionists, 
doctors and the UK Department of 
Health and Social Security offer. 

The existence of non-nutritional 
agricultural policies makes nonsense of 
the argument that inaction on diet and 
health should persist until final proof is 
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, especially when agricultural policies favour convenience foods 


obtained. There is no doubt that the 
current nutritional debate is tentative 
and incomplete, but if nutritional fac- 
tors are to be used with political and 
economic ones to frame agricultural 
policies, all that need be asked is that 
the predictions in each area should be 
equally plausible. To accept political 
intuition about the benefits of an agri- 
cultural policy while making a philoso- 
phically impossible absolute proof the 
criterion for scientific inputs is to 
emasculate scientific advice to govern- 
ment. 

We believe that the health profes- 
sions should unite in urging now a 
cautious and conservative basis for a 
nutritionally oriented food policy. Once 
they do so, however, there are other 
challenges to be faced, and it is im- 
portant to pursue further some of the 
possibilities which expanding scientific 
knowledge will raise. It is reasonable 
to expect a hardening of the consensus 
view about the adverse health effects 
of some particular food or nutrient, and 
questions will then inevitably arise 
about further legislation, more specific 
advice Or more rigorous action. If we 
consider now what kinds of scientific 
evidence would be needed to justify 
such intervention, nutrition research 
could be planned so as to contribute 
most effectively to the social and poli- 
tical processes of policy choice, and 
hence to health. 

Clearly the risks of consumption of 
a given dietary component vary with 
the amount consumed. Since there is a 
wide variation between individuals in 
the amount of any dietary component 
that they consume, there will be wide 
variation in the risk to which they are 
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exposed. This will be increased further 
by variations between individuals in 
their constitutional sensitivity to dis- 
ease. The benefits derived from a given 
‘across the board’ reduction in intake 
will also, therefore, be highly variable. 

If food and agricultural policies de- 
signed to combat disease are to be both 
effective and equitable it is necessary 
to define both the intake-risk relation- 
ship, and the acceptable level of risk 
in quantitative terms before it is pos- 
sible to consider precise costs and 
benefits of the policy options open. The 
problem of what constitutes an accept- 
able level of risk is encountered in 
legislating against all sorts of hazards 
and the defining of acceptable levels 
is not a scientific problem, but a social 
and political one. However, the prob- 
lem of intake-risk relationships does 
require scientific definition, since their 
nature can drastically modify the 
health policy chosen. 

If the intake-risk function is linear 
(curve A in the diagram), everyone 
with an intake above I, is above the 
acceptable level of risk, and in the 
example this constitutes the majority 
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of the population. If however the 
asymptotic function, curve B, applies 
only the small fraction of the popula- 
tion consuming more than I, is at risk. 

Clearly the difference in size of these 
risk groups means there will be great 
differences in the effectiveness of nutri- 
tion policies aimed at the whole popu- 
lation. Moreover, since measures to 
reduce disease will, in general, impose 
on those not at risk, the political 
implications, and the long term accept- 
ability, of such policies will also differ 
markedly. 

If nutrition theories are to be trans- 
lated into nutrition policy, the quanti- 
fication of the currently accepted rela- 
tionships between risk factors and 
disease is more important than simply 
trying to increase our certainty about 
the strength of that relationship. 

A change in the direction of nutri- 
tional research from causality to risk 
is a major one, and many scientists 
may view it with suspicion. But since 
in the foreseeable future nutritional 
knowledge will be chiefly applied 
through social policy, it is a change that 
must occur. 

One further change seems probable. 
At present where nutrition policies 
exist at all, they have been evolved 
by senior administrators in closed 
counsel with leaders of the health pro- 
fessions. Such cabals will not survive 
for long. Misgiving about the role of 
scientists in government have grown to 
a general lack of confidence about 
“establishment science” as the debates 
over the Dangerous Pathogens Advi- 
sory Group or Windscale have made 
clear. It seems likely that general pub- 
lic concern about the role of nutrition 
in disease, will soon be matched by 
public demands to be involved in fram- 
ing the policies necessary for change. 

Such a change will underscore the 
irrelevance of the nutritionists’ profes- 
sional standards of certainty. Indeed 
they will strip away much of the veneer 
of professionalism that the subject has 
acquired. But once nutritionists recog- 
nise the essentially political nature of 
decisions about food policy, and the 
necessarily tentative nature of the 
theories that underpin them, we believe 
that they will welcome the involvement 
of consumer organisations and other 
pressure groups in the consultative pro- 
cess. It is reasonable that they should. 
At present while some scientific ad- 
visers strive after absolute proof in 
their decision making, the food industry 
employs others as spokesmen in the 
scientific debate, exerts massive in- 
fluence on the direction of research by 
the funds it deploys, and by advertising 
pressures continues to manipulate food 
habits in ways that are widely suspected 
as having led to increased disease. A 
change in the way we tackle these 
problems is long overdue. 0 
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Select Committee’s future 


Sir,—In its recent First Report (17 July, 
1978) the Select Committee on Procedure 
proposed some important and far-reaching 
changes in the procedure of the UK House 
of Commons. These include the 
establishment of a separate select 
committee for each of the departments 

of government, or groups of departments. 

Our concern in this letter is with only 
one of the proposals, namely the 
dissolution of the Select Committee on 
Science and Technology whose work, it 
is said (paragraph 5.40), “should in future 
be carried out by the departmentally- 
related committees .. .” This proposal 
is supported in the report by an argument 
to the effect that the proposed new 
committees “would in no way be inhibited 
from taking evidence from any 
government department or other body 
relevant to the studies which they 
undertake.” 

Nevertheless, it is the view of the 
Executive Committee of this council that 
such a decision would be a retrograde 
development. We strongly support the 
opinion expressed to the Select Committee 
on Procedure by Mr Arthur Palmer MP, 
the Chairman of the Select Committee 
on Science and Technology, as indicated 
in paragraph 5.40 of the First Report. 
Departmental committees, said Mr 
Palmer, could not “adequately meet the 
need for parliamentary scrutiny of 
scientific and technological developments” 
since “‘inter-departmental subjects, 
however important they might be, would 
be accorded a lower priority”. 

The Committee on Procedure’s 
argument depends on the generality of 
the policy of spreading science research 
and development amongst the departments 
of government. From many points of 
view there are good reasons for continuing 
this policy, where “after brief experiments 
in the 1960s with co-ordinating ministries, 
governments of all complexions have 
decided to leave scientific and technical 
research in the hands of individual 
ministries with only vestigial co-ordinating 
functions remaining at the centre” 
(paragraph 5.19). It does not follow from 
this, however, that the scrutiny of these 
activities should be compartmentalised to 
the same degree. Indeed, it is precisely 
because the central coordinating functions 
for scientific and technical research are 
vestigial that the work of the Select 
Committee on Science and Technology 
is so Valuable. 

Presumably, within the proposed system, 
there would be parliamentary committees 
for each of the Departments of Education 
and Science, Energy, Environment, and 
Industry, and perhaps other departments 
as well, all dealing with particular aspects 
of science and technology. Such 
committees would, undoubtedly, serve a 
valuable purpose in scrutinising the 
day-to-day, ongoing, short-term, research 
that is central to the work of each 
department. But no amount of “liaison 
and cooperation” between such committees 
“to allow joint inquiries and consultation, 
where committees share an interest” 
(paragraph 5.20), could deal satisfactorily 
with the broader, long-term, issues of 


science and technology. 

This can be seen at once from the 
issues that have already been taken up 
by the Select Committee on Science and 
Technology. These were necessarily 
concerned with scientific and technological 
questions drawn from a whole range of 
departments such as energy, environment, 
industry, health and social security, etc. 
Current issues of great political, social 
and economic significance, such as the 
potential benefits and hazards of genetic 
manipulation or the future effects of 
electronic microprocessors, obviously 
overflow all the boundaries appropriate 
for the administration of science and 
research within the government machine. 
By its terms of reference, which encourage 
it to scrutinise positively the activities 
of the executive on such issues right 
across the board, the Select Committee 
on Science and Technology fulfills an 
indispensable role on behalf of the lay 
public which its members are elected to 
represent. From the experience of our 
council and the detailed studies that we 
have made of policies and procedures 
relating to the social and political context 
of science and technology, it is clear that 
this is a role that should be considerably 
strengthened, rather than weakened, as 
proposed. As an institution endowed with 
all the constitutional authority of 
Parliament, capable of mediating 
effectively between the various domains 
of scientific expertise, governmental 
administration, and the concerns of the 
general public, the Select Committee on 
Science and Technology is potentially 
one of the most valuable social instruments 
available to us in times of rapid and 
bewildering technical change. 

In the past the Select Committee on 
Science and Technology has not always 
been able to achieve this full potential. 
From our own close contact with members 
of that committee, and from our 
observation of its work, this is not due to 
any fundamental defect in its terms of 
reference, but rather to the very limited 
permanent staff resources, and restrictions 
on the appointment of specialist advisors, 
under which the committee has laboured. 
These deficiencies are recognised in the 
First Report from the Select Committee 
on Procedure, which recommends much 
improved arrangements in this respect. In 
our view, it is ironical that these 
resources should now be made available 
to new select committees which are to 
be much more closely linked to particular 
departments where technical staff 
resources abound, whilst proposing to 
terminate a committee which has been 
weakened by lack of such resources. 

In our view, the proposed new system 
would perpetuate, in a most unsatisfactory 
manner, the split between science and 
technology which occurred when the DES 
was first created. Furthermore, there are 
many areas within technology itself which 
cannot be neatly divided into the interests 
of Departments of Energy, of the 
Environment, of Industry, etc. This 
fragmentation is not merely inconsistent 
with the realities of modern scientific 
research and technological innovation. It 
also takes a narrowly instrumental view 
of the contributions of various expert 


disciplines to the issues raised by technical 
change. It is not so much, as the report 
suggests (paragraph 5.42), “that scientific 
and technical matters in widely varying 
fields involve a common approach which 
can best be handled by common methods’; 
it is rather that many current issues and 
policies cannot be adequately scrutinised 
except from a point of view that 
transcends and integrates the separate 
departments of government. The various 
proposed departmental committees, 
however loose their terms of reference 
and however well “coordinated” they 
might be over particular issues, could not 
adopt a sufficiently comprehensive 
viewpoint where social, environmental, 
economic, health and safety and industrial 
factors would be related to narrower 
technical or administrative matters. 

We hope, therefore that Parliament will 
consider very carefully before dissolving 
the Select Committee on Science and 
Technology. Whether or not departmental 
committees are created, we believe that 
the Select Committee on Science and 
Technology should be retained. Its broad 
remit it seems to us, is just what is 
needed for the purpose of taking an 
overview of the various areas where pure 
science interacts with all the separate 
branches of technology, and where these 
branches interact with each other and 
where they may also have far-reaching 
social consequences. 

JOHN ZIMAN KENNETH DENBIGH 
Council for Science and Society, 
London, UK. 


Scientist~entrepreneurs 


Sir,—One aspect was not mentioned in 
the article by Dickson (5 April, page 
494) concerning the commercial payoffs 
of recombinant DNA research. It is clear 
from the article that one of the ‘fall-outs’ 
of recombinant DNA research is the 
emergence of a group of scientist- 
entrepreneurs, Practically all the research 
which has led to the discovery and 
techniques of recombinant DNA was 
funded by public monies. It is obvious 
from the article that the recipients of these 
grants have jumped in with both feet in 
aiding to set up commercial companies to 
capitalise on the possible future profits 
resulting from the large-scale exploitation 
of recombinant DNA techniques. One 
wonders who will gain the monetary 
profits—only the stockholders of the 
companies or the scientist-entrepreneurs 
as well. One also wonders at the 
disinterestedness of the scientists, who 
clamoured for no restrictions on the 
research, giving as a reason the possible 
great public health benelts which might 
result. It seems clear now that if the 
benefits materialise they will accrue not 
only to the public, but also to the 
companies and the scientists. It seems to 
me that there is an ethical issue in all this, 
for while in our capitalistic society 
companies are supposed to make money, 
in our scientific society scientists are 
supposed to search for ‘the truth’, for the 
benefit of all and are not supposed to make 
money from their research, particularly if 
it was funded by public monies. 

PHILIP SIEKEVITZ 
Rockefeller University, New York, USA. 
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Unsuspected relatives of the ovalbumin gene 


from Norman Carey 


THe power of cloning techniques in the 
analysis of the eukaryotic genome is 
once again dramatically demonstrated 
by a paper published in this issue of 
Nature (page 125). Using the new me- 
thodology, genes apparently related to, 
and lying close to, the ovalbumin gene 
have been discovered, It seems unlikely 
that any other procedures would have 
uncovered their existence. This paper, 
whilst revealing yet further complexities 
in the organisation of the eukaryotic 
genome, could also lead to studies in 
which the control of gene expression by 
steroid hormones can be elucidated. 
The abundant capability of the avian 
oviduct for protein synthesis which ts 
under the control of steroid hormones, 
has lured a number of major groups to 
study this tissue in the hope of dis- 
covering the basis of at least one 
mechanism of control of protein syn- 
thesis. The early phases of this work 
(reviewed for example by Palmiter 
Cell 4, 189; 1975 and O’Malley & 
Means Science 182, 610: 1974) estab- 
lished that oestradiol, with or without 
other hormones, stimulates the growth 
of the tissue and the synthesis of the 
four major egg white proteins, oval- 
bumin, conalbumin, ovomucoid and 
lysozyme. which together can account 
for over 80°", of the protein synthetic 
capacity of the cell (Palacios er al J. 
biol. Chem. 247, 2316: 1972). It has 
also been shown that the presence of 
the hormones promotes the accumula- 
tion of the messengers for these pro- 
teins, and if the hormones are 
withdrawn, the messenger content of 
the tissue declines to very low levels. 
This, and similar observations, has led 
to the proposition that oestrogens in- 
duce the synthesis of the proteins by a 
process which is the eukaryotic equiva- 
lent of the Jacob-Monod hypothesis 
of operon induction, a contention 
which has proved very difficult to sup- 
port. The three effective steroids. 
oestradiol, progesterone and testo- 
sterone, affect the synthesis of the 
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major protein components differentially, 
in such a way that the induction pro- 
cess seems likely to be very complex. 
The experiments designed to test the 
proposal have been open to more than 
one interpretation and, in addition, 
other effects of steroids have been 
observed, such as the ability to stabi- 
lise mRNA (Palmiter & Carey Proc. 
natn, Acad. Sci, U.S.A. 71, 2357; 1974). 

This phase of primarily kinetic 
studies drew to a close with the advent 
of gene cloning. This previded a way 
of analysing the structure of the genes 
in the genome, and thus identifying 
the control regions which are postu- 
lated to be adjacent to the genes and 
are presumed to associate with poly- 
merases and controlling proteins. The 
cloning of the ovalbumin gene has been 
dominated by the work of two groups, 
those of O'Malley in Texas and Cham- 
bon in Strasbourg. The first step for 
both was to clone the structural gene 
obtained from mRNA. In O'Malley's 
laboratory, this Jed first to the elucida- 
tion of the sequence of the mRNA, 
in collaboration with George Brownlee 
at the MRC Laboratory of Molecular 
Biology, Cambridge, and was obtained 
just at the time that the Fothergills in 
Aberdeen were putting the finishing 
touches to the polypeptide sequence 
(McReynolds ef al. Nature 273, 723; 
1978). Chambon’s group concentrated 
its attention on the genomic structure, 
and they were amongst the first to 
observe the presence of non-translated 
intervening sequences (introns) in the 
genes coding for polypeptides in eukar- 
yotes (Breathnach er al. Nature 270, 
314: 1977: Deol et al. Nucl. Acids Res. 
4, 3701; 1977). The precise details of 
these intron/exon arrangements then 
rapidly became clear from the work of 
both Chambon’s and O’Malley’s groups 
(see for example, Garapin er al. Cell 
14, 629; 1978: Dugaiezyk er al. Nature 
274, 328; 1978: Gannon et al. Nature 
278, 428; 1979). The sequence which 
appears in the cytoplasm as messenger 
is interrupted in no less than seven 
places in the genome by DNA se- 
quences varying from about 0.3 to 1.4 
kilobase pairs. All but one of these 


interruptions are found in the 5’ half 
of the molecule which, because of the 
long 3° untranslated region of oval- 
bumin mRNA, puts them all in the 
coding region. The remaining intron 
isin the 5S’ untranslated region. A great 
deal of information has been obtained 
about features of the system which 
are shared with other genes, such as 
the presence of RNA precursors of 
messenger which are tailored to the 
final structure (Roop et al. Cell 15, 
671; 1978; Chambon er al. Proc. [ith 
Miami Winter Symp. in the press) and 
the nature of the sites in the RNA 
which are recognised by the processing 
enzyme (Catterall er al. Nature 278, 
510; 1978; Breathnach et al. Proc. natn. 
Acad. Sci. U.S.A, 75, 4853; 1978). 
There are, however, other features 
which, while so far peculiar to the 
oviduct genes, must be taken into ac- 
count when considering the question of 
eukaryotic genome organisation. 

The function of introns in eukaryotic 
Structural genes has been the subject 
of much speculation, and perhaps the 
most acceptable suggestion is that they 
flank regions of the gene coding for 
domains in the polypeptide to which 
portions of the total function of the 
protein can be ascribed. It is postulated 
that the genomic DNA regions coding 
for these domains have been brought 
together during evolution by a process 
involving the introns (Sakano et al. 
Nature 277, 627: 1979: see News and 
Views 277, 598: 1979). However, it is 
hard to see how this applies to oval- 
bumin. No specific functions have been 
ascribed to this protein. It may have 
important nutritional, hydrodynamic 
or other similar properties in relation 
to maintaining the developing embryo, 
but no function has been described or 
postulated which would require the 
cooperation of seven separate func- 
tional domains in the polypeptide. 
However, the function of the first in- 
tron of the ovalbumin gene must cer- 
tainly be different since it lies in the 
S untranslated region of the mRNA 
and so has no relationship with any 
functional domains of the polypeptide. 
(Breathnach et al. Proc. natn. Acad. 
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Sci. U.S.A. 75, 4853; 1978; Royal et al. 
this issue of Nature, page 125): Simi- 
larly, in the ovomucoid gene, a large 
number of exons has been found in the 
genomic DNA coding for a small pro- 
tein which seems unlikely to have a 
complicated function requiring the 
assembly. of a series of polypeptide 
domains (Catterall et al. Nature 278, 
323; 1979). Nevertheless, the polypep- 
tide domain hypothesis remains an at- 
tractive one and it ‘is possible that 
domain reassortment has occurred dur- 
ing the evolution of the oviduct pro- 
teins, but for reasons unrelated to the 
function of the polypeptide. 

The latest piece of work in this 
fascinating series is published in this 
issue Of Nature and is another tour de 
force from the powerful teams of 
Chambon and Kourilsky. Clearly, if 
there is any feature of thé eukaryotic 
genome which resembles an. operon in 
relation to hormonal induction, features 
in the DNA regions surrounding the 
ovalbumin gene would be expected to 
reveal it. Chambon and Kourilsky have 
therefore begun to ‘walk along’ the 
genome proceeding outwards from 
ovalbumin. To do so, they have used 
a new generation of recombinant DNA 
vectors called ‘cosmids’ which combine 
some properties of plasmids with the 
high efficiency of bacteriophage in vitro 
DNA packaging procedures, giving a 
very efficient selection of recombinants 
containing large’ Sections of foreign 
DNA. Various partial digests of the 
chicken genome were cloned by Cham- 
bon and Kourilsky and were selected 
by hybridisation to a probe which 
covers the 5’ region of the genomic 
ovalbumin gene, both ‘introns and 
exons. Two clones are described in 
some detail. One; pARI, starts within 
the third ovalbumin intron: dnd -extends 
for a total of 17 kb pairs in the 3’ 
direction, about 12.5 kb pairs being 
Outside the ovalbumin gene. ‘The 
second, pAR2, is a 30 kb pair fragment 
which extends in a 5’ direction from 
within the ovalbumin ‘gene, and in- 
cludes its first, four exons. The’ two 
fragments thus'cover a total of about 
46 kb pairs, and overlap within the 
ovalbumin gene, which occupies about 
7.7 kb pairs. 

Certain peculiarities in the hybridisa- 
tion data led the group to question 
whether the regions which they had 
cloned coniained any other genes 
which are expressed in the oviduct. 
This was assessed by hybridising the 
total poly(A)-containing RNA ` from 
oviducts with the clones, and examin- 
ing the hybrids in the electron micro- 
scope. No other genes were found on 
the 3’ side of the ovalbumin gene, that 
is in the pARI1 clone, but two: were 
found on the 5’ side in pAR2. They 
are named X and Y, gene X' being ‘the 
most distal from ovalbumin, and its 5’ 


- region seems not to be. present in the 


clone but the RNA which hybridises 
to it is 2,400 nucleotides long. Gene Y 
RNA is about 2,000 nucleotides long, 
near to the size of ovalbumin mRNA, 
and the gene, like ovalbumin, has seven 
introns. The first intron of gene Y is 
close to the 5’. end, in both X and Y 
all the introns are in the 5’ half of the 
gene, and the exons of X, Y and oval- 
bumin are of similar size. This simi- 
larity of intron-exon pattern is not all. 
Parts of these genes cross hybridise 
with each other, and both with. parts of 
the ovalbumin gene, which accounted 
for the hybridisation peculiarities which 
set the. work on their trail in the first 
place. ‘The conclusion is that there are 
sequence homologies in parts, but not 
all, of the expressed regions of all three 
genes. | 
There is also ‘good ‘evidence to show 
that the expression of all three genes 
is.undér hormonal control. The mes- 
sengers are present in oviducts from 
birds treated with oestrogen but dis- 
appear when the hormone is with- 
drawn. The quantitation of this expres- 
sion awaits further work, but the 


indications are that X and Y are only 


expressed to a small extent compared 
with ovalbumin. Although the data are 
not presented, the authors state that 
neither X nor Y codes for any of the 
other abundant oviduct proteins conal- 
bumin, ovomucoid or lysozyme, but 


‘which proteins they do code for, and 


whether the messengers are in fact 
translated in the oviduct, remains un- 
known for the present. There is a great 
similarity between the organisation of 
the ovalbumin-related genes and that 
of the human £ globin-related genes 
(see Little et al, Nature 278, 227; 1979), 
where four genes (two y genes, ô and 
B) of similar intron pattern are found 
close together on the genome. In the 
case of both gene sets, the 5’ to 3’ 
orientation of the genes is the same, 
and they are transcribed in the same 
direction. A further’ interesting ‘feature 
is that the genes of each set are not 
expressed to the same extent under the 
same conditions, © ovalbumin pre- 
dominating ‘over X and Y 
oestrogen-treated oviduct, and the £ 
globin expression varying with the life 
cycle or disease state. We may now 
expect that information on the related- 
ness of the exons of the ovalbumin 
cluster’ will be useful in suggesting 
how these genes were assembled during 
evolution. The hybridisation data 
indicate that some exon regions of 
ovalbumin, X and Y, are closely 
related whereas others are more 
distantly related. The fine details of 
this relationship, perhaps including 
comparisons with other avian species, 
should indicate whether the genes have 
been assembled in parallel 
evolutión from a mixture of closely 
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related and unrelated regions, as the 
hybridisation data seem’ to suggest. In 
that case, the similarity in size of the 
exons may turn out to be coincidental. 
Alternatively, the cluster: may have 
arisen -by duplication of an ancestral 
gene, thus fixing the intron-exon 
pattern from the outset, .but leaving 
the need to find an alternative ‘ex- 
planation for the differing relatedness 
of the exons. 

As for hormonal control, it has to be 
admitted that we are as yet no further 
ahead in our understanding. However, 
the close proximity on the genome of 
genes which are expressed to different 
extents under the influence of one 
hormone poses the question of ‘whether 
transcription of the genes is initiated 
separately and with differing efficiency 
commensurate with the messenger 
abundance, or whether they are tran- 
scribed to the samc extent by the same ' 
polymerase, operon fashion, with sub- 
sequent processing and stabilisation 
accounting for the differing levels in 
the cell. In other words the time may 
now be approaching when workers in 
the field can return to the study of the 
kinetics of the induction process with 
some real hope of testing the hy- 
potheses. - | 0O 


Histocompatibility 
antigens and- 
cytoskeletal elements 


from Franklin H. Portugal 


Major histocompatibility antigens 
designated as H-2 in mice and HLA 
in man are cell-surface glycoproteins 
whose movement in the plasma mem- 
brane appears to be associated with the 
movement of intracellular cytoskeletal 
elements. These antigens are involved 
in such immune reactions as allograft 
rejection and recognition of viral and 
tumour antigens by syngeneic cytotoxic 
thymus-derived (T) lymphocytes. In- 
itially, it was difficult to isolate even 
a few micrograms of pure HLA antigen 
from human splenic - lymphocytes. 
Observations that the surface of cul- 
tured „human lymphoblastoid cells 
contains a greatly enhanced antigen 
concentration simplified this problem 
and resulted in the isolation of milli- 
gram amounts of material. In 1975, 
Peterson et al. (Proc. natn. Acad. Sci. 
U.S.A. 72, 1612; 1975) proposed that 
the large chain for H-2 -and HLA anti- 
gens, already known to ‘carry the 
alloantigenic determinants, has both 
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chemical and physicochemical proper- 
ties similar to those of immunoglobulin. 
These antigens also contain a smaller 
chain which consists of £.-micro- 
globulin, is invariant, and shows homo- 
logy to various IgG heavy and light 
chain homology regions. Because major 
histocompatibility antigens are found 
on the surface of virtually all normal, 
nucleated cells in man and mice, prob- 
ably all mammalian cells have an 
immunoglobulin-like molecule on their 
surface. By solubilising H-2 antigen 
with either a proteolytic enzyme 
(papain) or detergent, Henning ef al. 
(Proc. natn. Acad. Sci. U.S.A. 73, LIX: 
1976) showed that the amino-terminal 
end of the heavy chain extends away 
from the cell surface whereas the 
carboxyl-terminal end is associated with 
the cell membrane. Further charac- 
terisation indicated that H-2 antigen 
consists of a light-chain #.-micro- 
globulin (12,000 daltons) and a heavy 
polypeptide chain (46,000 daltons) that 
carries both distinctive antigenic deter- 
minants as well as a carbohydrate 
prosthetic group (Edelman Science 192, 
218: 1976). Similar studies with HLA-A 
antigen showed that it contained a light 
chain of £B.-microglobulin (12,000 
daltons) and a heavy polypeptide chain 
(44,000 daltons) containing both anti- 
genic specificity and carbohydrate 
(Springer & Strominger Proc. nam. 
Acad. Sci. U.S.A. 73, 2481: 1976). 
Springer and Strominger proposed that 
a hydrophobic region of the heavy 
chain is inserted into the cell membrane 
so that the amino-terminal portion of 
the chain extends outside the cell and 
the carboxyl-terminal portion extends 
into the cell interior. By using the 
lactoperoxidase-catalysed iodination of 
the inner surface of lymphocyte plasma 


membrane, Walsh and Crumpton 
labelled HLA and showed therefore 


that this antigen is a transmembrane 
protein (Nature 269, 307; 1977). 

How the structure of these antigens 
and their insertion in the cell mem- 
brane may affect immune reactions can 
be studied with liposomes. Littman ef 
al. (Proc. natn. Acad, Sci. U.S.A. 76, 
902: 1979) have prepared unilamellar 
phosphatidylcholine liposomes contain- 
ing H-2 antigen. In these liposomes, 
H-2 antigen was found to be integrally 
inserted in the membrane. oriented 
with the amino-terminal end of the 
chain facing away from the cell surface, 
and antigenically active. Such antigen- 
containing particles can also be used 
in assays with T lymphocytes. 

Antigen movement over the cell sur- 
face is detectable by patching and 
capping phenomena. Bourguignon and 
Singer used a double fluorescence tech- 
nique for staining both surface-bound 
H-2 antigen on mouse splenic T lym- 
phocytes and for staining intracellular 
mechanochemical proteins such as actin 
or myosin (Proc. natn. Acad. Sci. 
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U.S.A. 74, 5031: 1977). When the 
surface-bound receptors collected in 
patches in response to an external 
multivalent ligand, the membrane- 
associated actin or myosin within the 
cell also accumulated in patches directly 
under those of the receptor. This sug- 
gests that H-2 glycoprotein becomes 
linked to the intracellular contractile 
protein, possibly through an integral 
class of proteins that are located in the 
plasma membrane of eukaryotic cells. 
Koch and Smith confirmed that there 
is an association between H-2 antigen 
and actin (Nature 273, 274, 1978), 
although the question of whether the 
association is a direct or indirect one 
could not be resolved. 

Pober et al. (Proc. natn. Acad. Sct. 
U.S.A. 78, 6002; 1978) have recently 
indicated how such an association 
between the intracellular domain of a 
transmembranous protein and the cyto- 
skeletal protein may be regulated. Incu- 
bation of either transformed lympho- 
blastoid cells or peripheral blood 
Iymphocytes with “P, resulted in the 
phosphorylation of HLA-A and HLA- 
B antigens. The site of phosphorylation 
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is a serine residue(s) located in the 
hydrophilic, carboxyl-terminal region of 
the heavy chain. Incubation of isolated 
membranes from transformed lympho- 
blastoid cells with [y P]ATP also pro- 
duced phosphorylation of HLA 
antigens. Because interaction with actin 
is known to occur with many proteins 
that are phosphorylated, the phosphory- 
lation of HLA antigens may be the 
basis for regulating association with 
cytoskeletal elements, 

Many questions remain to be 
answered in future experiments. One 
concerns what factors regulate the 
phosphorylation of these membrane 
proteins. The question of which serine 
residue(s) of HLA-A and HLA-B anti- 


gens are phosphorylated and the 
number of phosphate groups incor- 


porated into each heavy chain requires 
further resolution. Presumably, HLA 
antigen binds to actin as does H-2 anti- 
gen but this also remains to be demon- 
strated. It is still unclear whether 
microfilaments or microtubules or both 
are the cytoskeletal elements involved 
in the association with transmem- 
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pins down Rydberg constant 


from John E. M. Goldsmith 


Tut availability of tunable laser radia- 
tion and associated nonlinear spectro- 
scopic methods has revolutionised many 
areas of spectraccopy (fer a review, see 
High-Resolution Laser Spectroscopy 
Ed. Shimoda.) Springer-Verlag, Berlin, 
1976). One notable example is the 
elimination of Doppler broadening in 
the observation of the Balmer-alpha 
line (as22-n==3. A656 nm) of atomic 
hydrogen with the technique of 
saturated absorption spectroscopy 
(Hänsch. Shahin & Schawlow Nature 
235, 63: 1972). The Doppler effect 
causes atoms moving with different 
speeds to appear to have different re- 
sonance frequencies, just as the ap- 
parent pitch of a train whistle changes 
as the train moves past the observer. 
Since the atoms in a gas have a wide 
range of velocities, and all of the atoms 
are observed using classical (linear) 
spectroscopic techniques. the net effect 
of the Doppler shift is to cause a 
broadening of the spectral line. With 
saturated absarption spectroscopy, only 
atoms that are not moving (or at least 
have no component of velocity along 
the laser beams) are observed. thus 
eliminating Doppler broadening. The 
increase in resolution obtained in this 
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manner makes it possible to observe 
the individual fne structure com- 
ponents of the Balmer-alpha transition. 


The ability to resolve this fine 
structure has great importance for 
measurements of the Rydberg con- 


stant. The Rydberg. which is defined 
as an explicit combination of other fun- 
damental constants R=pm mec /8h*, 
is a cornerstone in the evaluation of the 
fundamental physical constants. The 
physical meaning of the Rydberg ts 
most clearly seen in the simple Bohr 
theory. in which the energy levels of 
the hydrogen atom are given by the 
expression £y,=-he Rin’ nS’ 
the principal quantum number n labels 
the energy levels of the atom. Thus 
the value of the Rydberg constant 
corresponds to the energy required to 
ionise the ground state hydrogen atom. 

Until 1974, the Rydberg constant 
was determined by measuring the wave- 
length of emission lines from cooled 
hydrogen, deuterium, tritium, Or 
ionised helium discharges (see Series, 
Contemp. Phys. 14, 49; 1974, for a 
review of these measurements). The 
fine structure components of the lines 
were not resolved because of Doppler 
broadening. so it was necessary to 
calculate the spectral lineshape pro- 
duced by the blend of components. 
This caused an uncertainty in pin- 
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pointing the ‘centre’ of the emission 
line, and thus an uncertainty in the 
value of the Rydberg constant. 

Resolution of the fine structure of 
the Balmer-alpha line with Doppler- 
free laser spectroscopy has made 
possible nearly two orders of magnitude 
improvement in the precision of the 
Rydberg constant, making it one of 
the (if not the) most precisely measured 
of all fundamental physical constants. 
The first Doppler-free measurement 
used saturated absorption spectroscopy 
with a pulsed dye laser to observe the 
hydrogen and deuterium 2P;.~3D;»- 
transitions. A d.c. discharge tube 
similar to Wood’s original design was 
used to dissociate the hydrogen mole- 
cules and excite some of them to the 
n=2 level. The Rydberg constant was 
determined from a measurement of 
the wavelength of this transition, using 
an iodine stabilised helium—neon laser 
(A=633 nm) as a wavelength standard. 
The value so _ obtained, R= 
109737.3143(10) cm” (Hänsch et al. 
Phys. Rev. Lett. 32, 1336: 1974). was 
an order of magnitude more precise 
than previous Doppler-broadened 
measurements. 

Further improvement in the Rydberg 
constant has been aided by the develop- 
ment of narrowband continuous wave 
(cw) dye lasers, and suitable dyes for 
cw operation at the Balmer-alpha wave- 
length. Using a variation of saturated 
absorption spectroscopy (known as 
polarisation spectroscopy) with a cw 
dye laser, and replacing the Wood’s 
tube with a mild helium-hydrogen dis- 
charge, it became practical to study the 
hydrogen 2$; 3P; transition, which 
is weaker than the 2P,;.—-3D;. transi- 
tion, but also more than three times 
narrower. 
ment of this transition was facilitated 
by first determining the wavelength of 
an iodine reference line which by good 
fortune has a wavelength almost 
identical to that of the 28;.-3P,. 
transition. A measurement of this 
small wavelength difference then 
yielded the value R= 109737.31476(32) 
em™' (Goldsmith, Weber & Hänsch 
Phys. Rev. Lett, 41, 1525; 1978), with 
a precision three times higher than 
obtained previously. A more precise 
measurement of the wavelength of this 
iodine reference line could immediately 
yield at least another twofold improve- 
ment in the precision of the Rydberg 
constant. 

Another recent Rydberg measure- 
ment returned to the use of saturated 
absorption spectroscopy in a Wood's 
discharge tube, but with a narrow- 
band cw dye laser. The wavelength of 
three hydrogen  Balmer-alpha fine 
structure components were measured 
(2P3;.~3D.5, 28) 2~3Ps 4 and 2Py.¥-3 Da), 
with the iodine-stabilised helium—neon 
laser again used as a wavelength 


0028-08 34/79 /0279-——0 10450 1.00 


The wavelength measure-. 


Masu 
H, A (97H 
7 Kessler 
He Sg get ca (1973) 
: Kibble er ui, 
l 
Dal ener Falla 
HD, Hänsch er ui, 
: = (1974) 
T % Goldsmith er af, 
“ (1978) 
Petley cf ul. 
Hu ùi (1979) 


O04 0.02 0.03 em! 


IR f09737.3 em bp me 


standard. The weighted mean of these 
values yielded the result R= 
109737.31513(85) cm! (Petley and 
Morris, this issue of Nature page 141). 

ihe values and precision of Rydberg 
measurements from the past 10 years 
are summarised in the figure. The 
Doppler-free measurements clearly 
are much more precise than the 
earlier Doppler broadened measure- 
ments. It is more significant, however, 
that these three independent measure- 
ments agree very well with each other, 
but are only marginally consistent with 
the earlier determinations. The 
possibility of such a systematic error 
indicates the need for independent 
measurements of values such as the 
Rydberg constant, The excellent agree- 
ment of the three Doppler free deter- 
minations, performed in two lab- 
oratories on several Balmer-alpha fine 
Structure components using varied 
techniques, is a strong indication that 
such a systematic error has been 
avoided. 

Measurement of the Rydberg con- 
stant at the current level of precison is 
already hindered by uncertainties 
inherent in the “Kr primary wave- 
length standard, which limit its 
useful precision to a few parts in 
10°. This is an artificial difficulty, 
however, and can be avoided by 
using lasers stabilised to molecular 
transitions, such as the iodine-stabilised 
helium—neon laser, as interim wave- 
length standards. Direct frequency 
measurements have recently been ex- 
tended into the infrared region of the 
spectrum, and frequency measurements 
in the visible may not be too far off. 
For measurements with a precision 
greater than l part in 10° it will 
probably prove necessary to work with 
an atomic hydrogen beam, so small 
energy level shifts caused by conditions 
in the discharge can be eliminated. The 
ultimate Rydberg measurement could 
come from a frequency measurement 
of a narrowband cw ultraviolet laser 
source (A==243 nm, v= 10'* Hz) used to 
excite the 1S-2S transition in hydrogen 
using Doppler-free two-photon spectro- 
scopy (Hänsch er al. Phys. Rev, Lett. 
34, 307; 1975). The natural linewidth 
of this transition is about 1 Hz, so one 
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can conceive of a measurement of its 
frequency with a precision better than 
| part in 10°. Using modern atomic 
theory, it is necessary to apply several 
small corrections to the hydrogen 
energy levels calculated with Bohr’s 
theory. With such a frequency 
measurement, the precision of the 
Rydberg constant would only be 
limited by the precision with which 
these small corrections can be cal- 
culated. CJ 


Ionic landmarks 
along the mitogenic 
route 


from K. S$. Koch and H. L. Leffert 


Two ionic fluxes, akin to those 
initiating and transducing nerve 
impulses, may be essential regulators 
of animal cell proliferation, This idea 
emerged at a recent conference* where 
many findings pointed to increased 
Na’ influx being an early. perhaps the 
initial, mitogenic signal, and to subse- 
quent Ca” ion movement coupled to 
cycle AMP formation being necessary 
for DNA replication. 

Experiments using amiloride (a 
specific Na’ influx inhibitor) and “’Na’ 
*howed that ‘burst-like’ influxes are 
needed to initiate DNA synthesis in sea 
urchin eggs after fertilisation (D. Epel, 
Stanford University), in rat hepato- 
cytes in vitro after exposure to peptide 
growth factors including EGF 
(S. Cohen’s epidermal growth factor) 
(K. S. Koch & H. Leffert., The Salk 


Institute), and in cultured mouse 
‘fibroblasts’ after exposure to serum 
factors including vasopressin (E. 
Rozengurt, Imperial Cancer Research 
Fund, London). Similar fluxes 
appeared operative during phyto- 
haemagglutinin-induced human lym- 


phopoiesis (G. Kaplan, University of 
Ottawa) and veratridine-stimulated 
mitogenesis of cultured chick central 
nervous system neurones (C. D. Cone, 
Hampton Virginia VA Hospital). 
Possible mechanisms by which 
growth factors stimulate Na* influx 
wese considered. G. Eisenman (Uni- 
versity of California, Los Angeles) 
discussed current views of cation- 
selective channel functioning based on 
gramicidin models and proposed that 
certain mitogens directly form the Na* 
channel—an idea awaiting experi- 
mental test. Indirect mitogenic actions 
on channel ‘gating’ mechanisms result- 
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published as a number of the Annals of the New 
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ing from altered surface potentials 
(C. Bergman, University of Paris); 
upon lateral diffusion of membrane 
proteins resulting from altered mem- 
brane potentials (M. Edidin, Johns 
Hopkins University) measured with 
lipophilic cations like — triphenyl- 
phosphonium* (R. Kaback, Hofman- 
LaRoche); and on cell-cell interactions 
resulting from altered electrical 
coupling (W. Loewenstein, University 
of Miami) were also discussed. 

How might increased Nat influx 
stimulate proliferation? One attractive 
mechanism, generally consistent with 
the experimental results described, may 
be activation by intracellular Na* of 
the membrane Na‘/K* ATPase 
‘pump’. Such changes are expected to 
alter Na* gradients across the surface 
membrane. The coupling of solute 
transport to these gradients through 
a membrane ‘carrier’~-presumably to 
stimulate biosynthetic pathways-—was 
reviewed in detail by R. Crane 
(Rutgers University). He showed evi- 
dence for amiloride-sensitive Na‘ 
gradient-dependent glucose uptake into 
rabbit intestinal vesicles as well as 
reconstitution of this system with a 
purified protein, obtained from brush- 
border membrane fractions, inserted 
into liposomes. The effects of growth 
factors in Crane’s vesicle systems are 
unknown. Another possible conse- 
quence of increased Na’ influx studied 
in fertilised eggs-—-a Na*/proton 
exchange elevating intracellular pH 
generated a lively debate between its 
proponent (Epel) and its antagonist 
(L. F. Jaffe, Purdue University). Epel 
speculated that small pH changes 
cause widespread alterations involving 
critical enzyme cascades and macro- 
molecular polymerisations. Jaffe then 
described egg experiments where 
injected buffers that blocked alkalinisa- 
tion failed to block growth. F. M. 
Harold (National Jewish Hospital, 
Denver) added that disruption of 
proton gradients with carbonylcyanide 
m-chlorophenylhydrazone in bacterial 


systems failed to impair growth 
seriously. But the issue was not 
resolved, and the role of Mitchell’s 
proton gradients as regulators of 


animal cell proliferation remains to be 
explored, Further consequences of 
increased Na* influxes were suggested 
by J. Piatigorsky (National Institutes of 
Health) and G. Koch (University of 
Hamburg) whose results with ocular 
lens and viral protein regulatory 
systems, respectively, raised the possi- 
bility of Nat and K* selective transla- 
tional and/or post-translational 
controls. These inquiries may soon 
yield definitive conclusions, especially 


K. $. Koch and H. L. Leffert are in the 
Cell Biology Laboratory, The Salk Insti- 
tute, San Diego, California. 
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if a factor isolated by G. Koch, a 
dialysable methionine-containing trans- 
lational inhibitor released from ribo- 
somes by high Na‘, is purified and if 
Piatigorsky’s applications of recombi- 
nant DNA technology are successful. 

A fourth likely consequence of 
increased Na” influx was elegantly 
demonstrated by Jaffe who showed by 
the use of aequorin, a Ca’*-sensitive 
photoluminescent protein, the flow of a 
Ca’* ‘wave’ across the cytoplasm of a 
fertilised Medaka egg. If this 
‘explosive’ wave was blocked by intra- 
cellular injections of Ca*‘-chelators, 
DNA synthesis did not begin. Jaffe 
theorised that Ca” ‘currents’, detected 
extracellularly by a ‘vibrating’ probe 
developed earlier in his laboratory. 
cause self-electrophoresis of membrane 
proteins for which evidence was pre- 
sented (K. Robinson, National Jewish 
Hospital). Whether such Ca** currents 
flow across somatic cells stimulated to 
divide is not yet known. However, a 
clear late G:-requirement for surface 
Ca movement was demonstrated 
for a broad spectrum of normal cells 
in vive and in vitro--—without which 
deoxyribonucleotide, and consequently 
DNA, synthesis cannot occur (A. 
Boynton, NRC, Ottawa), These events 
are mediated by cyclic AMP and it was 
postulated that cellular ribonucleotide 
reductase function requires a phos- 
phoprotein regulator whose formation 
depends on cyclic AMP-activated 
protein kinase. 

Properties of nervous system and 
limb regeneration were reviewed by 
R. Moore (University of California, 
San Diego) and by Jaffe, respectively. 
An attempt was made to consider these 
processes with regard to the ionic 
events described above. Two provoca- 
tive links were provided, first from 


Jaffe’s evidence that chronically 
applied cathodal Na’ currents 


stimulate partial limb regeneration in 
frogs and second, from F. Westall’s 
(The Salk Institute) observations that 
proteolysis converts myelin basic 
protein into a mitogenic peptide whose 
sequence (Thr-Pro-Pro-Pro-Ser-Gin- 
Gly-Lys) is contained within the brain 
fibroblast growth factor (FGF) isolated 
by D. Gospodarowicz (University of 
California, San Francisco). Such find- 
ings immediately provide one explana- 
tion for nerve requirements in limb 
regeneration, Moreover, although 
Gospodarowicz showed that myoblasts, 
chondrocytes and fibroblasts proliferate 
in response to FGF, he argued that 
blastemal cells, from which regenerated 
tissue arises, may be this mitogen’s 
natural target. Thus, Jaffe’s Na‘ 
‘currents’ in regenerating stumps might 
actually be driven by FGF-like mito- 
gens released from crushed myelinated 
nerves, 

The existence of two regulatory ionic 
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‘landmarks’ has interesting implications 
for understanding growth regulation in 
general, In animal cell systems, it 
helps to explain how sets of growth 
factors may act synergistically for it 
predicts that certain substances activate 
Na’ influx while others act predomi- 
nantly upon Ca**-cyclic AMP coupling. 
Reason to believe that two-signal 
models are correct was presented 
for hepatocytes (K. S. Koch & Leffert; 
Boynton) and has been reported else- 
where for BALB/c 3T3 cells (see for 
example Stiles et al. Proc. natn. Acad. 
Sci. U.S.A, 76, 1279; 1979). Further- 
more, interference with the Na’ flux 
system perturbs transitions from rest- 
ing to growing states differently from 
interference with the Ca**-cyclic AMP 
couple. The former seems to determine 
both the lag-duration (or ‘onset’ time) 
and the total numbers of responding 
cells (K. S. Koch & Leffert; Rozengurt) 
whereas the latter mechanism seems 
to regulate the rate of entry into S- 
phase (Boynton). These findings must 
be considered by any theory of growth 
regulation; single-event models are 
insufficient to account for such observa- 
tions. Lastly, it seems that control of 
both events is defective in tumour 
cells (Cone; Rozengurt; Boynton) but 
the real significance of these observa- 
tions remains to be determined. e 


Studying surfaces 


from M. A. Chesters 


RECENT progress in understanding the 
interaction of molecules with solid 
surfaces was a major theme of the 
ECOSS2 Conference at Cambridge*. 
Although the subjects covered included 
adhesion, Auger microanalysis and the 
chemistry of polymer surfaces, about 
70% of the papers were concerned 
with chemisorption on metal surfaces. 
D. Tabor (Cavendish, Cambridge) in 
his opening address traced the history 
of surface science and urged that 
increased attention be paid to funda- 
mental studies of Hquid/sold and 
solid/solid interfacial phenomena. As it 
was the conference provided an excel- 
lent review of progress in fundamental 
studies of chemisorption, surface ele- 
mental analysis and surface structural 
analysis | 

A major motivation for studies of 
chemisorption is the need to under- 
stand heterogeneous catalysis on a 
molecular level and two approaches to 
the problem of linking research on 
idealised systems to the behaviour of 


*The Second European Conference on Surface 
Science was held at the Cavendish Laboratory and 
Churchill College, Cambridge, England, on 26-29 
March 1979. 
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real catalysts were described by G. A. 
Somorjai (University of California, 
Berkeley) and R. J. Madix (Stanford 
University). Somorjai has pioneered 
work on high index (stepped) metal 
single crystal surfaces in an attempt to 
identify the types of active site involved 
in various catalytic processes. He 
described experiments carried out in an 
ultra-high vacuum system combined 
with high pressure cell, enabling metal 
single crystal catalysts to be character- 
ised by low energy electron diffraction 
and Auger spectroscopy before and 
after catalysing reactions at pressures 
up to 200 atmospheres, Apart from this 
direct approach, molecular beam 
studies of reactive scattering from 
stepped surfaces revealed the import- 
ance of step and kink surface sites in 
breaking carbon—hydrogen and carbon- 


carbon bonds. Madix argued that 
surface intermediates important in 
reactions catalysed at high pressure 


and high temperature, may be isolated 
in chemisorption studies at low pres- 
sure and low temperature. He described 
the use of thermal desorption spectro- 
scopy coupled with photoelectron 
spectroscopy to identify a surface 
formate intermediate in the decomposi- 
tion of formic acid on Ag(110) and a 
surface methoxy intermediate in the 
decomposition of methanol on Fe(100). 

In the measurement of surface 
reaction kinetics, molecular beam scat- 
tering remains the major technique 
and was reviewed by G. Ertl (Miinchen 
University), G, W. Rubloff (IBM. New 
York) described a rather more direct 
approach to the study of rapid surface 
reactions in which surface concentra- 
tions were monitored by ultraviolet 
photoelectron spectroscopy (UPS). The 
advantage of such a technique is that 
surface reactions which do not involve 
desorption of gas may be studied. Both 
B. L Lungvist (Chalmers University of 
Technology. Sweden) and T. B. 
Grimley (University of Liverpool) out- 
lined theoretical formalisms for 
describing the dynamics of the inter- 
action of atoms and molecules with 
solid surfaces which should pave the 
way for the calculation of sticking co- 
efficients and the construction of 
chemisorption potential energy curves. 
The increased experimental and theo- 
retical interest in studying the kinetics 
of reactions on well defined surfaces 
was particularly apparent at the con- 
ference. At the same time, there was 
an encouraging, continued trend 
away from purely ‘technique-oriented’ 
discussions, although this cannot be 
completely avoided in an area where 
new techniques abound. 

The formidable problem of the eluci- 
dation of the geometrical and electronic 
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structure of metal-adsorbate com- 
plexes was discussed largely in the 
context of photoelectron spectroscopy. 
G. J, Lapeyre (Montana State Univer- 
sity) illustrated how the operation of 
the symmetry selection rule in UPS is 
revealed in angular resolved experi- 
ments using polarised radiation 
(PARUPS), thus allowing the sym- 
metry of the ionised states to be deter- 
mined. In a discussion of the require- 
ments of a full theoretical analysis of 
photoemission from adsorbates, J. B. 
Pendry (SRC Daresbury Laboratory) 
remarked that if the theoretical 
analysis were straightforward we would 
learn little from the experiment! 
P. H. Citrin (Bell Laboratories) later 
reviewed the SEXAFS experiment in 
which the fine structure above an X- 
ray absorption edge, which results 
from diffraction of the photoelectron, 
may be analysed on a straightforward 
kinematical basis to yield accurate 
data on the relative positions of atoms 
surrounding the photoelectron emitter. 
Surface Extended X-ray Absorption 
Fine Structure is detected through 
modulations in the Auger yield from 
the absorbing atom to achieve surface 
sensitivity, and Citrin illustrated the 
power of the technique by reporting 
results for iodine adsorbed on silver 
and copper single crystal surfaces. The 
chief disadvantage of SEXAFS is that 
a synchrotron radiation source is 
essential, so we shall be hearing much 
more of the technique as storage rings 
dedicated as photon sources become 
operational. 

In the past few years there has been 
a resurgence of electron energy loss 
spectroscopy (EELS) as a means of 
studying vibrational modes of adsorbed 


` species. This is in large measure attribu- 


table to H. Ibach (KFA, Jülich) and 
he gave an account of its application 
to the study of hydrocarbon adsorp- 
tion on nickel surfaces. The technique 
involves the measurement of small 
energy losses (40-500 meV) of electrons 
impinging on a solid surface which 
arise through excitation of vibrational 
modes of the surface and of adsorbed 
molecules. The sensitivity is about two 
orders of magnitude higher than for 
reflection absorption infrared spec- 
troscopy. Ibach was able to show some 
striking differences between the 
reactivity of a flat Ni(111) surface and 


a stepped Ni[S(111)x(1T0)]_ surface 
towards acetylene and cyclohexane. 


R. F. Willis (ESTEC, The Nether- 
lands) has carried out a detailed investi- 
gation of the W(100)/hydrogen system 
in which he has pioneered the use of 
EELS in both specular scattering and 
diffuse scattering modes for which dif- 
ferent selection rules apply. He 
described a detailed model for a recon- 
structed surface in which tungsten- 
hydrogen-tungsten bridges are tilted 
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out of the surface plane. The apex 
angle of the bridge and the tilt angle 
were determined from the frequencies 
and angular dependences of the three 
hydrogenic vibrational modes. Clearly 
EELS can supply some of the basic 
structural information on adsorbates 
which has proved so elusive and will 
be a vital complement to the other 
electron spectroscopic techniques in the 
future, 

There is a continuing debate on the 
relevance of these idealised investiga- 
tions to ‘real’ problems in surface 
science (see Tompkins, Chemistry in 
Britain 15, 194; 1979). For myself the 
conference was preaching to the con- 
verted. I leave others to make their 
own judgement. J 


Birds as agricultural 
pests 


from John Krebs 


The male bullfinch not only looks 
beautiful: it can be trained to whistle 
German folk tunes, and given the 
chance it will strip half the fruit buds 
off a pear tree in 90 minutes. It was 
this last attribute which brought the 
bullfinch to the attention of a recent 
meeting on birds as agricultural pests.* 
J, M. Flegg (East Malling Research 
Station) reviewed the damage caused 
by bullfinches, redpolls and other birds 
to fruit crops, and pointed to some 
common sense factors influencing the 
level of destruction. Orchards planted 
next to natural woodland are more 
likely to suffer bullfinch damage as 
the woodland provides a good home 
base for the birds. Alder trees planted 
as windbreaks draw in-redpolls to feed 
on the cones, and when the cone 
supply is exhausted the birds switch to 
devouring fruit buds; and the habit of 
removing all the herbaceous weeds 
from orchards may increase bullfinch 
damage, since the bullfinch prefers 
weed seeds and only switches to fruit 
buds when seeds are not available. 
Farmers have tried to alter the food 
preferences of bird pests for hundreds 
of years. Although older methods such 
as rubbing garlic or pigs’ dung on fruit 
trees are now outmoded, a modern 
equivalent is to try and condition 
birds to dislike crop foods by treating 
the crop with a chemical which makes 
the birds feel sick. This kind of aversive 
conditioning is well known to induce 


ARANNA tardera ma 








*The Symposium on ‘Understanding Agricultural 
Bird Problems’ was organised by the British Crop 
Protection Council and Agricultural Science 
Service at Royal Holloway College, 4-5 April 
1979. The proceedings are to be published (by the 
British Crop Protection Council) as a hook edited 
by E. N. Wright, L Inglis & C. J. Feare. 
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‘bait shyness’ in rats and J. Rogers (US 
Fish and Wildlife Service) reported 
that it also works with birds. In 
laboratory trials, red-winged black- 
birds would avoid eating a foodstuff 
for more than 16 weeks after first 
encountering it mixed with the in- 
secticide methiocarb, and this con- 
ditioned aversion was effective even 
when the only alternative food was 
highly unpalatable. Large scale field 
trials showed that methiocarb cán 
reduce bird damage to vineyards by 
something like fivefold. 

I. Inglis (Pest Infestation Control 
Laboratory, Worplesdon) described 
the efficacy of different kinds of visual 
Scaring devices. The traditional scare- 
crow, and popular modern equivalents 
consisting of bright coloured miniature 
windmills are totally ineffective, and 
Inglis suggested that a knowledge of 
the behaviour of pest species is useful 
in designing more effective bird- 
scarers. For example, when a wood- 
pigeon is frightened and takes to the 
air, it reveals conspicuous white wing 
patches which might be seen by other 
pigeons as a danger signal. This led 
Inglis to try out the deterrent effect 
of pairs of pigeon wings lying on the 
ground, and in one study birds were 


largely deterred from landing in a’ 
clover field for up to 70 days by the 


sight of pigeon wings on the ground. 
Similarly, Brent geese were discouraged 
from landing in a field by putting out 
‘model geese in an ‘alert anxiety’ pos- 
ture. One of the most effective deter- 
rents of all is the sight of a man 
flapping his arms up and down like a 
giant eagle, and there is now available 
on the market a 7-foot high Incredible 
Hulk with mechanical flapping arms. 
All these scaring devices suffer from 
the problem of habituation: birds 
eventually learn to stop flying away 
from them unless occasionally 
reminded with a gun that there is a 
real danger. It may turn out in the 
end, as suggested in one of the discus- 
sions, that the best solution to bird 
scaring is the one recommended in 
1668 by Gervais Markham in Farewel 
to Husbandry: “The only best and 
safest means to prevent this evil is to 
have eversome young boys with bows 
and arrows to follow the seedman and 
harrows, making a great noise and 
shooting his arrows where he shall see 
these devourers aleight, not ceasing but 
chasing them from the land”. 

The meeting also touched on a more 
fundamental ecological issue raised by 
all techniques of scaring, deterring, or 
luring away bird pests: what happens 
to birds when they are frightened off 
a particular field? If they go next door, 
the problem is merely shifted on to 
someone else. One possibility, discussed 
by M. Owen (Wildfowl Trust, Slim- 
bridge) is to provide refuges for birds, 
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The leaning tower 


from lan Smalley 


BECAUSE the Tower of Pisa was built 
very slowly, with many interruptions, 
it still stands; had it been completed 
during the 12th century it would 
probably have collapsed (Mitchell, 
Vivatrat & Lambe J. Geotech. Eng. 
Div, Amer. Soc. Civ. Eng. 103, 227; 
1977). Work on the.foundations of 
the tower began in August, 1173 
and the first story was completed in 
1174. When the tower reached a 
height of three and a half storeys and 
a load of 9,840 metric tons in 1178 
the work stopped. The work stoppage 
has been attributed to politics, to the 
heavy work load of the constructors, 
and to construction difficulties. Con- 
struction was not resumed until 
almost a century later and then the 
tower was completed up to.the eight 
storey level, and to a total load of 
13,728 t, during the period 1272-1278. 
Work then stopped again and did not 
resume until 1360 when the final 
storey was added and the whole tower 
completed in 1370. By the time of the 
final stage of construction the lean 
of the tower was significant and the 
centre line of the topmost part was 
changed on account of this. 

Mitchell et al. concluded that the 
bearing capacity of the soils under- 
lying the tower was never exceeded. 
The total settlement of the tower is 
due to the sum of four components: 
an immediate compression of the 
sands in a 7m thick zone underlying 
the base of the tower, immediate 
compression of a 30m thick clay 
layer underlying the sands, con- 
solidation of the clay layer and 
secondary compression of the clay 
layer, They were unable to show, 
using their classical soil mechanics 
methods, why the tower actually 
leans although they suggested that 


this might be due to the higher com- 


pressibility of the foundation sand 
on the south side of the tower. Veder 
(Bauingenieur 50, 204: 1975) had 
suggested earlier that the stone blocks 
used in the construction were stored 
on the south side of the tower causing 
an asymmetric Joading. 

Although the tower leans to the 
south now, it seems to have pointed 


and an alternative is the one men- 
tioned’ earlier in the context of bull- 
finches, to provide a different food 
supply. These courses of action may, 
however, exacerbate the problem. If a 


John Krebs is a Lecturer in Zoology at the 
Edward Grey Institute of ‘Field Orni- 
thology Universith -* Ovfard, 


in various directions during its con- 
struction. From 1173 to 1178 two- 
thirds Gn terms of weight) of the 
tower was constructed and it tilted 
towards the north-east. By the time 
construction resumed in 1272 this | 
inclination had doubled. Inclination 
increased for a further 6 years at 
which time 86% of the final weight 
was in place. The tower then leant 
towards the north-west, and in 1370 
when the tower was completed its 
inclination was’ towards the south, as 
it is today. The tilt was 1/31 in 1370 
but today it is around 1/10 and, 
after a deceleration of movement for 
five and a half centuries, movements 
are today tending to accelerate. Much 
of the recent movement can be 
related to the removal of water from 
nearby wells and the lowering of the 
piezometric head in the deep ‘sandy 
layer (Mascardi J. Geotech. Eng. 
Div, Amer. Soc. Civ. Eng. .104, 299; 
1978). En 

Cambefort (J. Geotech. Eng. Div. 
Amer. Soc. Civ. Eng. 104, 156; 1978) 
has calculated that the tower will be 
stable until the year 2780, as long as 
the pumping from the deep aquifer 
does not increase beyond the 1966 
rate. He has also proposed an in- 
genious lever mechanism to halt the 
tilt and fix the tower in its present 
position; a lever arm extending 12.3 
m from the tower centre and a load 
of 600 t would apparently provide the 
necessary counterforce. Alternative 
solutions to the engineering problem 
are however still being sought; and 
there is still no, consensus on what 
actually caused the tilt. Perhaps the 
most ingenious theory is still that 
advanced by Kerisel (Geotechnique 
25, 433; 1975) who invoked the 
Coriolis force due to the reation of 
the Earth. Is it. possible, wondered 
Kerisel, that a structure with a very 
low safety factor might be influenced 
by sustained small forces acting over 
several centuries? 


yoa 
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pest species survives better as a result 
of the provision of- refuges or alterna- 
tive food supplies, it may return in 
great numbers in future years to attack- 
agricultural crops. This kind of problem 
cannot be: resolved without more 
knowledge of the factors determining 
survival and movements of bird 
pests. m 
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One or more Eemian interglacials? 


In a recent paper (Nature 277, 189; 
1979) we described the Fjøsanger 
(interglacial) Stage in western Nor- 
way, and correlated it with deep sea 
oxygen isotope stage Se and the 
Eemian of continental Europe. Bowen 
(News -& Views 277, 171; 1979) 
accepted the former correlation but 
criticised the latter, because he agrees 
with Kukla’s proposal (Earth Sct. Rev. 
13, 307, 1977) that the Eemian 
represents three different interglacials. 

The vegetational development in 
different interglacials may have been 
so similar that a separation on 
palynological evidence is impossible. 
However, this is not necessarily so, 
and the crucial point in the present 
discussion is whether other inter- 
glacials repeated the distinct pollen 
sequence so far being considered as 
the criterion for the Eemian. 

We fully agree with Bowen's state- 
ment that the deep sea oxygen isotope 
stratigraphy proves that the Classical 
subdivisions of the Quaternary of 
Europe are incomplete. That is our 
challenge! However, an incomplete 
continental stratigraphy does not 
imply that all previously defined units 
~ are ambiguous. 

Bowen ‘claimed that Weigank 
(Geologie 21, Beiheft 77, 1; 1972) has 
described two Eemian interglacials in 
superposition in northern Germany. 
On the contrary, however, he stated 
that these two interglacials can be 
` identified on the basis of their pollen 
stratigraphy, the younger being the 
Eemian, and the older the Riigenian 
(=Kap Arkona in Frenzel’s classifica- 
tion). 

Most important Bowen stated that 
Kukla (op. cit.) has demonstrated that 
the classical Eemian sites in Europe 
- were deposited during three different 
interglacials. No doubt, Kukla made 
an extremely interesting analysis of 
the Quaternary ‘stratigraphy of 
Europe, but we cannot accept his 
evidence for more than one Eemian. 
Chiefly on the basis of geomorpho- 
logical observations he postulated 
that the Saalian s.l. is composed of 
three distinct glacials, and he used 
Eemian sites for the presumptive 
interglacials so created. Most West 
German geologists (Duphorn et al. 
Eiszeitalter u. Gegenw. 23/24, 222; 
1973) reject the existence of an inter- 
glacial within the Saalian s.l., but 


A hundred years ago 


WE need not insist on the extreme im- 
portance and interest of the exhibition 
which was opened last night at the 
Albert Hall, and for which extensive 
preparations have been making for 
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there are other more probable can- 
didates (Rügen, D6mnitz/Wacken) to 
fill the milder intervals (see Weigank 
op. cit; Erd Palaeogeogr., -clim., 
-ecol. 8, 129; 1970; Frenzel Eiszeitalter 
alter u. Gegenw. 23/24, 321; 1973; 
Menke & Behre Eiszeitalter u. 
Gegenw. 23/24, 251; 1973; Cepek Ber. 
deutsch. Ges. geol. Wiss., A. Geol. 
Paldont. 12, 375; 1967) than the 
Eemian, even if Kukla’s interpreta- 
tion is correct. 

The main evidence in support of 
our thesis that the typical Eemian 
pollen sequence represents only one 
interglacial can be summarised as 
follows. Many known Eemian sites 
are located inside the Weichselian ice 
border; all of them are situated below 
till or disturbed by ice. More than 100 
Eemian sites are known outside the 
Weichseltan ice border, and, as far as 
we know, not a single sequence is re- 
ported to be below till, or below an- 
other interglacial. However, many 
‘not Eemian interglacials’ are known 
below till outside the Weichselian ice 
border, 

We conclude that our present 
knowledge strongly suggests that the 
Eemian pollen sequence of Europe 
represents only one interglacial, which 
is the Last Interglacial. 

Jan MANGERUD 
EIVIND S@NSTEGAARD 
HANS-PETTER SEJRUP 
Department of Geology, 
Allégt. 41, 
5014 Bergen-Universitetet, 
Norway. 


D. Q. BOWEN REPLIES: The points 
raised by Mangerud et al. aré only 
valid in so far as the chronostra- 
tigraphy advocated by Kukla and 
others is incapable of direct validation 
at present. But the fact remains that 
the system they advocate and defend 
in the case of ‘Eemian’ is based on 
assemblage floras, a biofacies basis 
inherently unreliable as a result of its 
diachronous nature. Indeed by advo- 


‘cating ‘that Woillard’s (Quaternary 


Res. 9, 1; 1978) St Germain Inter- 
glacials, I and II, are time-equivalent 
to interstadials in the Netherlands 
and Denmark, also urged by Wijmstra 


' (in Climatic Change (ed. Gribbin) 


Cambridge, 1978), they tacitly ac- 
knowledge the fragility of this bio- 


some time. The public mind both in 
this country and abroad has been 
recently much agitated on the ques- 
tion of electric lighting, and, as might 
be expected, people are much confused 
among the many systems which have 
been brought forward, and even those 


~ 
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facies approach. 

Discrimination of specific inter- 
glacials on the basis of either being 
covered. by till or not in relation to 
postulated glacial limits is no im- 
provement on ‘count from the top’ 
methods criticised by Kukla. In this 
way the current conventional wisdom, 


-or model chronostratigraphic schema, 


is maintained. Data are not only in- 
terpreted on such model terms but are 
frequently acquired and systematised 
according to its pigeon-holed ready- 
made classification—the ‘reinforce- 
ment syndrome’ of. the late Norman 
Watkins (Comments on Earth Sct. 


- Geophys. 2, 36; 1971). In the case of 


' Hoxnian. 


Weigank’s work the significant point 
relates to his demonstration that the 
foraminiferal faunas of the Eemian 
and Riigenian Interglacials show only 
minor differences. 

The fact is that, according to 
present interpretation (Shackleton & 
Opdyke Quaternary Res. 3, 39; 1973) 
and defining the base of the Middle 
Pleistocene at the Brunhes-Matuyama 
boundary (Butzer Quaternary Res. 4, 
136; 1974), some eight tnterglacials 
occurred from that time to the 
present. It is pertinent to note that 
one of the UK working parties on 
International Geological Correlation 
Programme Project 24 is examining 
evidence to determine how many in- 
terglacials there have been since the 
Conventionally there is 
only one—the Ipswichian (Eemian)! 
In the search for greater com- 
plexity in conunental records it is 
inevitable that some degree of data 
manipulation will occur initially be- 
cause many of the basic facts regard- 
ing Pleistocene geology are still in- 
adequately known. For too jong has it 
been assumed that the Pleistocene 
geology of most formerly glaciated 
areas is known—perhaps it is, at least 
according to the terms of existing 
models. But in terms of modern litho- 
stratigraphic standards (Hedberg Int. 
Stratigraphic Guide, New York, 1976) 
this work, with some notable ex- 
ceptions (Willman & Frye Ilinois 
Geol. Surv. Bull. 94, 1970), has hardly 
commenced. In the meantime, other. 
than by rare geochronometric dating, 
progress will inevitably include some 
manipulation born out of an ex- 
pediency dealing with inadequate 
data. 





who know something on the subject 
must find it difficult to make up their 
minds. Hence the importance of bring- 
ing together the various systems of 
electric lighting in such a way as to 
make comparison possible. 

From Nature 20, 8 May, 39; 1879. 
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chemical tunnelling — i 
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The similarities and . differences between electron-nuclear tunnelling (discovered in 1966) and 
molecular tunnelling (discovered in 1973) are described here in terms of radiationless electron 
transitions. Examples of the low-temperature limit on a chemical reaction rate, observed since 1973, 
include: growth of chains of polymerisation of formaldehyde, Fe-CO rebinding in.haem-containing 
proteins, isomerisation of radical pairs; hydrobromination of ethene, and photoinduced conversion of 
rhodopsin into prelumirhodopsin. The general significance of molecular tunnelling for chemistry and 
related subjects is discussed. The possible manifestations of molecular tunnelling in the formation of 
complex molecules at the surfaces and in the bulk of ‘dirty ice’ mantles of dust grains in interstellar 
dense clouds are also considered. n 





ONE of the most important consequences of the wave properties . Different theoretical treatments lead either to the limit of the 
of matter is tunnelling—the ability of particles to penetrate the statistically averaged rate of such transitions or to their complete 
potential barriers whose heights exceed the particles’ kinetic disappearance.at low temperatures. Hence tunnelling does not 
energy; the sub-barrier region is therefore classically forbidden necessarily produce, the low-temperature plateau of chemical 
for such particles. - am conversion rates, however, its occurrence is a very strong 


Tunnelling starts‘to become important when the de Broglie argument in favour of the quantum tunnelling mechanism of 
wavelength of a particle becomes comparable to the barrier these conversions. 


width in a way that the probability of tunnelling decreases with . For several decades the search for chemical tunnelling was 
an increase of the width (d), the height (E) of the potential restricted to the region of comparatively large temperatures 
barrier, and the mass (m) of the tunnelling particle. (T>T,), and conclusions about its existence were based on 


The tunnelling concept had its first successful application in minor. (up to tens of per cent) isotope effects in the rate of 
nuclear phenomena such as œ -decay*?, spontaneous fission, and conversion -of hydrogen-containing and . deuterated 
thermonuclear reactions and later greatly contributed to solid © compounds”. - Set Lo ; 
state physics, electronics” and more recently to cosmology‘. ' However, even stronger kinetic isotopic effects in such con- 

a versions (up to factors of exp (500/T)) still do not confirm 
tunnelling because they can be caused simply by differences in 


Chemical conversions _ zero-vibrational energies of. Z—H and Z—D bonds. 

Such concepts in chemistry were initially concerned with the ' Experimental observations of chemical tunnelling began in 

delocalisation of particles between two identical potential | .1966 when Chance et al.™*?* discovered the low-temperature 
' wells’, and led to analysing theoretically the tunnelling contri- (120-4K) plateau (at W ~300 s™*) of the reaction rate of the 


bution to chemical reaction rates?®~™!!. Such contributions should _laser-flash initiated oxidation of cytochrome c by-chlorophyll. 
be particularly significant at low temperatures because—in Using the simplest model of tunnelling as being a penetration of 
accordance with Arrhenius’ law—the rate of classical transitions a plane wave through the one-dimensional barrier and taking 
over the barrier decreases exponentially with decreasing the pre-exponential factor as w.~4 10's. (Gamov factor 
temperature while the probability of simple sub-barrier tunnel- G,=(W/w.) ~ 1071) and the activation energy E ~ 0.14 eV (as 
ling should level off as J’ 0, rather than drop towards zero. obtained from experiments up to 300K) Chance et al,'+15 

The quite general criterion of a ‘tunnelling temperature”’ is estimated the tunnelling length of an electron as /~30 A.A 
given by T,= (h/kpw2'/2d)(E/m)'? where kp isthe Boltzmann similar value could be obtained by comparing the position of the 
constant. For T < T, tunnelling starts to dominate exponentially <= low-temperature plateau with the tunnelling temperature T, 


\ 


the Arrhenius-type transitions and the rate of exothermic reac- defined above. 
tions in many common problems gradually reaches its low- Calculated tunnelling lengths of such an: order of magnitude 
temperature plateau. ‘are: also typical of many other examples of low-temperature 


Generally an exothermic transition i> f requires the mixing transfer of electrons—in biopolymers and in irradiated frozen 
of an initial.level U? with final levels Uf and the dissipation of glasslike solutions—if they are ‘treated simply using Gamov 


the transition energy AU; provided by the fast electronic- factors and assuming that the barrier height equals the activation 
vibrational relaxation of the final state (with the rate of such ‘energy in a high-temperature region. : 
dissipation being larger than the rate of transitiory itself). . However, such tunnelling resembles an: electron current 
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- Fig.’ t Scheme'of'electrón-nuclear tunnelling for electron trans-- 
` fer from ‘the donor (D) to the acceptor: (A). a, The tunnelling of .. 
;~electron over. the distance J: (levels in D. and A'do not usually, 
coincide). b, The displacement of nuclei over the distance d for the . 
à “transition of. the electron-« e (D) -> e (A) indicated by vertical arrow.. 


through the thin dielectric layer which breaks the electron circuit 
rather than the transfer of reactants in the chemical ‘reaction. 
- The general situation is much more.complex because chemical 
tunnelling of electronis-is. related to the displacement of nuclei 
and ‘we ‘need -to` consider .possible violations of the Franck- 
Condon: principle. This was noted.for: the first time by: Libby’, 
‘and was later analysed in ‘several studies’”-7° of the tunnelling of 
electrons in oxidation-reduction interactions. ofi ions i in solutions 
and in electrode reactions.. : ' 

' After Chance’s discovery'*** when. it one necessary to 
ee ee the electronic—vibrational ‘interactions (vibrational 
coupling), the Franck-Condon ‘factors ‘in: the. tunnelling-type 
oxidation-reduction transformation ‘of complex bimolecules 
were based on ideas of radiationless electron transitions (see refs 
21-25). Different descriptions of electron tunnelling ‘in bio- 


polymers as ‘ generalised electron-nuclear anes are’ 


‘described:in refs 26-30. ` i pkd 

In 1973 the discovery.of a low-temperature linit of the rate: of 
complex chemical reactions’ was: first reported®’:?? using the 
example of the. growth of polymerisation coas of formalde- 
._ hyde, FA (see. also refs 33-35), - 

‘We shall émphasise here that: the words. ‘chemical reaction? 
describe transformàtions:-which include the reconstruction ‘of 
molecules; the-spatial rearrangement of atoms; changes intall 
main characteristics-of valence bonds, ‘their multiplicities ang 
‘nature (e or m-bonds)'as well as lengths and angles.. 

‘The theoretical treatment ofthis phenomenon?!” asa new 
kind of - molecular: chemical tunnelling used the’ Siebrand’s 


MC . r 
yO 


theory’ of radiationless ‘relaxation of électronically-excited 


molecular states. Later this theory was'also extended to the case 
of molecular tunnelling, the so-called tunnel~polaron non- 
Arrhenius chemical reaction kinetics?” 

. Numerous surveys have .been devoted to tunnelling of: elec- 


trons in chemistry and biology (see refs:'38-40) and we’ touch. 


‘here only briefly the theory of such tunnelling to emphasise both 
the similarities ‘and the cifterences of eocu cu nuclear and 
molecular tunnelling. `< =- 

The probability of a radiationless eno transition Wei 1S 
determined by the product of the matrix element of the electron 


a 
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Beara L = [epel Elp and of the Franck-Condon factor 
= Knl: 
Wie = (27r/ DLF o= = wenFy 


where pe and p, are: the electron and vibrational wave functions 
respectively, L is a transition operator: such as the non- adiabati- 
city operator and p; = (hw,)~ is the density of vibrational levels 
in the final state. 

The wave functions y-(x) are proportional to exp (— x/ a) for 
x >a, where a ~h/ (2mE)’”? is the damping parameter, that is 
the size of the region of localisation of electron density, which is 
close to the length of chemical.valence bond a (at E ~1 eV). 

The wave functions y,(x) are proportional to exp [— (x/ A)?] 
for x>A, where A=(h/Mw)"”” is. the. amplitude of- nuclear 
vibrations; w is the ‘frequency of these Vibrations: m the mass Bot 
the nuclei...) |. 

Among the most important aeie of eSa and mo- 
lecular tunnelling are the lengths of tunnelling (generally 
configurational displacement) given below as l for electrons and 
as d for heavy particles. ba i i 

In -most cases of ‘electron-nuclear ‘annelling in oxidation= 
reduction processes’; | >a ~a>d= A. 

The. long-range transfer of electrons from the donor to the 
acceptor is not accompanied by: chemical reaction. Displace- 
ments of donor and acceptoé nuclei proceed in a similar way to 
ordinary.intramolecular radiationless transitions up to distances 


| » _ of the order of A~ 0.1 A (see Fig..1). 


In the case of. molecular tunnelling. i in chemical reactions we 


ie" ` have d= [= a>A. 


For ‘sufficiently ' large electron: ’ (i>a) and nuclear: (d >» A) 


'. displacements, ‘when :the matrix eleménts:of thé transition 
' probability. are determined by. the asymptotics- of - wave 


functions, the matrix element of the electron transition trans- 


_ forms into the ordinary Gamov- -type tunnelling factor, that is 


Lzxexp[—l(mE)'/?/h] (m is the electron mass, y~1 
depends on the shape of the barrier), whilé. the vibrational 
(nuclear) Franck-Condon factor depends exponentially on the. 
square of the . ~ nuclear: ee FX 
exp [(d(Mhaw)"/?/ h)? (here w =.0);« w). 

Parameters of various processes’ interpreted i in terms of ‘adi: 
ationless electron transitions are summarised-in Table 1. 

Just as Chance’s discovery’*"” is generally regarded as a first 
experimental proof of.-the existence of chemical electronic 
tunnelling, various examiples -of a low-temperature plateau of 
the rate of chemical reactions.can‘be considered as experimental 
confirmation of the existence of molecular chemical tunnelling. 
. The first such example as mentioned above was the discovery 
ofa limit (below ~ 12 K) of the’ rate .of: growth :of chains in- 





Table 1 alee characteristics of processes interpreted: in terms of radiationless 
electron transitions. 
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Fig. 2 The upper simplified scheme shows positions and dis- 
placements of molecules of solid formaldehyde and the polymer 
chain. The lower scheme illustrates the tunnel transitions of CH2- 
O groups during polymerisation (b, >a) and during filling up of 
‘vacancies’ formed near the end groups of polymer chain during 
polymerisation (b, > b,). The curve a is the adiabatic curve for a 
formaldehyde molecule added to a growing polymer chain; b; is a 
similar curve for the initial monomer molecule, and b, represents a 
similar curve for the next monomer molecule (the zero on the 
x-axis for this curve has been shifted by a distance Ad). The energy 
of dissociation of the C-O bond is D =~ 4 eV, energy of the subli- 
mation of crystalline FA is AHs = 0.3-0.4 eV, polymerisation heat 
O = 0.37 eV, activation energy E = 0.1 eV. Note that the product 
Ad(Mcu, oE)” ? is close to the corresponding value for spon- 
taneous fission of atomic nuclei, where Ad = 107" em and E ~ 
1 MeV. 


radiation-induced polymerisation of solid formaldehyde” 


studied by calorimetric method between 140 and 4 K. 

Stacks of planar triangles of monomer CH,O molecules with 
double C=O bonds transform in this reaction into long chains of 
single tetrahedral 


H H 
=C+0=C+0= 
H H 


bonds, and the substitution of van der Waals radii of C and O 
(typical for monomers) by much shorter valence —-C---O bonds 
in polymers leads to a considerable (~ 40%) increase in density. 
The scheme used for the calculation of the tunnelling rate in 
formaldehyde polymerisation is illustrated by Fig. 2. 

In such an analysis the rate of growth of the polymer chain 
depends exponentially on the square of the molecular tunnelling 
distance (Ad)’ of the monomer group. Besides the addition of 
new links to the growing chain, the polymerisation includes in 
this calculation the subsequent stage of delocalisation of the 
cavity formed at the border between the end link of the polymer 
chain and the neighbouring monomer molecule—provided, for 
example by quantum diffusion”. 

Another variant shown in Fig. 3 is the replacement of a 
well-defined cavity between the polymer and monomer by an 
extended distorted region of variable density (such as the stret- 
ched end of a polymer chain or the ‘swollen’ monomer that fills 
the cavity) which plays to some extent the part of polaron- 
deformed region of the crystal and is transferred (following the 
transfer of ‘driving’ particle such as an electron) with the end of 
the growing chain, corresponding to the above mentioned 
tunnel-polaron variant of non-Arrhenius kinetics” listed— 
among the other mechanisms—in Table 1. 

Adopting a complex (generally, multidimensional) picture of 
potential surfaces means we can consider the possibility of 
conversions through low barriers: in other words, the possibility 
of eliminating various restrictions on the tunnelling rate which 
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are in ordinary molecular tunnelling due to large masses or large 
displacements of reacting species. 

The temperature dependence of the rate constant on the 
growth of polymerisation chains of formaldehyde is shown in 
Fig. 4. 

The average time of adding one new link to the growing 
polymer is tp = k~'=7/G (where 7 is the time taken for the 
growth of the whole chain and G the radiation-chemical yield of 
polymerisation) which is 79+ 107 s at the plateau. 

Frauenfelder et al.“*** confirmed the existence of molecular 
tunnelling in a study of low-temperature Fe—CO reconstitution 
in a haem-containing protein and protohaem. Fe~CO bonds 
were broken by lasers flashes and the kinetics of their recon- 
stitution was spectrophotometrically followed over very wide 
intervals of time (107°~10° s) and temperatures (2-340 K). 

Besides finding a low-temperature plateau below ~ 10 K (see 
Fig. 4) these observations demonstrated the complex, poly- 
chromatic character of these kinetics, that is the existence of 
broad spectra of activation energies and barrier widths rather 
than single values of these parameters. 

The polychromatic kinetics described in refs 48-49 and later 
combined with the tunnelling concepts*””’ is typical for systems 
with many different reactant states represented, for example, by 
different conformers of proteins or by traps of different depths in 
irradiated molecular solids. 

Frauenfelder et al.***’ successfully used polychromatic 
kinetics to solve the complex picture of several potential barriers 
hindering Fe-CO reconstitution and to correlate these barriers 
with the structures of protohaem, myoglobin and haemoglobin. 

The low-temperature rate limit of the processes studied by 
Frauenfelder et al. was also demonstrated by Mdéssbauer 
absorption spectroscopy’. 

Meanwhile using Méssbauer emission spectroscopy (in 
particular, on combining it with the technique of delayed 
yy-coincidences) allowed electron-nuclear tunnelling to be 
observed which caused the change of state of metallic ions 
in iron-cyanide™ and cobalt-phenantrolyne* complexes. 

A Japanese research group” has recently extended the earlier 
ESR observations?” of conversions of radicals in y-irradiated 
dimethylglyoxime at 77-220 K to lower temperatures (4-77 K) 
and succeeded in finding the low-temperature plateau of the rate 
of the comparatively slow process of isomerisation of radical 
pairs (see Fig. 4) which is characterised at higher temperatures 
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Fig. 3 The adiabatic potential curves for the normal (a) and 
‘stretched’ (b) groups of polymer chains and CH,O molecules in 
the crystal of a monomer. In the case of a well-defined hole the 
curves a and b represent two neighbouring states separated by a 
potential barrier (shown in the figure) which prevents elementary 
chain growth. In the case of a ‘stretched’ polymer chain there are » 
two possible intermediate states: (ab), and (ab)2 between a and b. 
Any barriers are absent in transitions of the type b-(ab)2.> 
(ab), a. 


112 


by an activation energy E ~ 0.65 eV. Having studied the kinetics 
of hydrobromination for an equimolar ethene-HBr mixture 
between 90 and 30 K, our group observed long (v ~ 200) chains 
of this reaction even” at 30K. Subsequent calorimetric 
investigations of stationary and non-stationary kinetics of chain 
hydrobromination in the conditions of predominantly quadratic 
or linear rupture of chains led” to the numerical determination 
of the rate constant of propagation of chains (k, = 79' = G/r) 
and to finding another example of the limit of the rate of 
elementary chain reactions at low temperatures (see Fig. 4). 

Application of picosecond laser spectroscopy to the studies of 
photo-initiated rhodopsin—prelumirhodopsin conversion’ has 
demonstrated once more a low-temperature reaction rate pla- 
teau, 

However, there is no agreement about the mechanism of this 
process: there exist two main approaches, namely the tunnelling 
of one or two hydrogen atoms to the nitrogen or Schiff base 
(across a distance of 0.5-0.9 Å)® or the low-temperature cis- 
trans isomerisation of the chromophore group (retinal) bound to 
the protein (opsin) ®?. 

The large reaction rate at the plateau (Ky = 2.8 x 10°? s~’) and 
a quite weak kinetic isotopic effect (Ky/Kp ~ 7)—see Fig. 4— 
remind us of the possibility of a tunnel~polaron mechanism?” of 
low-temperature isomerisation—via several states represented 
by intermediate potential curves in Fig. 3. Confirmation of this 
idea would be highly significant to the problems of low- 
temperature quantum chemistry, therefore, it is very important 
to make a definite choice between the transfer of hydrogen 
atoms in rhodopsin and the isomerisation of retinal. 

The tunnelling of atoms and molecules with a rearrangement 
of chemical bonds should not be treated as exclusive to low- 
temperature chemistry. Such tunnelling can also be observed as 
sub-barrier predissociation of molecules by very precise laser 
tuning of their excitation energy below the Landau—Zener gap 
(this possibility was mentioned in ref. 38) or by electron 
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Fig. 4 Summary of data on the low-temperature liinits of rate 
constants (K s”") of chemical reactions (log K-log T coordinates). 
Curve 1 (A), growth of chains of polymerisation of formaldehyde. 
Curve 2 (©), reconstitution of Fe-CO bonds in B-haemoglobin. 
Curve 3 (C), isomerisation of radical pairs in y-irradiated 
dimethylglyoxime. Curve 4 (©), propagation of chains in the 
hydrobromination. of ethene. Curve 5 (x), photoinduced con- 
version of rhodopsin into prelumirhodopsin. Curve 6 (x), 
photoinduced conversion of deuterated rhodopsin into 
prelumirhodopsin. 
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beams*’, Isotopic differences in the probabilities of such tunnel- 
ling may be useful for isotope enrichment. 

One of the new topics of macroscopic chemical kinetics which 
could result from tunnelling is the cold initiation of thermal 
explosions by high pressures which enhance the tunnelling as 
well as the possibility of oscillations between subcritical and 
overcritical states of the system compared with the conditions of 
thermal explosion. 

It is also possible that in some cases the usual transition from 
the diffusion to the kinetic region with decreasing temperature 
will be supplemented by a return to the diffusion region below 
the tunnelling temperature— because of the gradual disap- 
pearance of temperature dependence on the rate of the kinetic 
stage of conversion. 

The high selectivity of low-temperature tunnelling reactions 
caused by the interplay of the three main parameters—d, M 
and E may be advantageous for applied cryochemistry and 
cryobiology. N 

The persistence of chemical reactivity even near absolute zero 
makes it doubtful whether a complex organism could be brought 
back to life after being subjected to prolonged freezing in 
conditions when chemical chain reactions might be initiated by 
external agents like radiation. 

Of special interest is the possibility of chemical and prebiotic 
evolution at very low temperatues when exothermic reactions 
(including the formation of highly complex products) are ther- 
modynamically favoured (because all entropy restrictions are 
eliminated as T0) and at the same time—in spite of the 
Arrhenius law—quantum effects permit measurable, finite rates 
of chemical conversions. 

The problem of cold tunnelling evolution from the ‘storage of 
negative entropy’ up to prebiotic levels has been discussed 
previously*”**°*°°. The possibility of tunnel-polaron-type’” 
low-temperature exothermic reactions of various kinds (such as 
polymerisation and polycondensation) could be particularly 
significant. 


Interstellar chemistry 


In view of all these circumstances we now consider the role of 
low-temperature quantum effects of chemical kinetics in the 
formation of complex products of interstellar chemistry. 
However, we should emphasise that—in contrast with the 
experimental facts and theoretical considerations described 
above——-the following comments are purely hypothetical and 
they are intended to stimulate discussions and new experiments. 
The problems of interstellar chemistry have been treated in 
many recent surveys (see refs 67-77, 91), and we will consider 
them only to the extent needed for discussing the possibilities of 
molecular tunnelling in interstellar chemical reactions. 

The most abundant element in the Universe is hydrogen. The 
cosmic abundance of helium (relative to hydrogen) is 0.09, 
followed by oxygen (7 x 107*), carbon (3 x 107“), nitrogen (9 x 
107°), then magnesium, silicon and iron (~ 10™* altogether). 
Amongst almost 50 interstellar molecules detected by radio and 
optical spectroscopy the most widespread apart from H, are: 
CO(~ 107), NH;, HCN and HNC (~ 107°), There is no doubt 
that water and methane are also well represented in interstellar 
space, and we should also mention formaldehyde (~ 107°) 
whose low-temperature polymerisation was directly observed in 
the laboratory. l 

The main stage of interstellar chemistry is the multitude of 
so-called interstellar clouds—giant (101-5 x 10'* cm) suspen- 
sions of dust grains in a gas medium. The total dust amounts to 
only about 1% of the gaseous mass; dust grains are generally 
assumed to consist of central ‘cores’ (r = 107° cm) of silicates or 
graphite surrounded by mantles of ‘dirty ice’ (r~107* cm) 
formed by a mixture of frozen substances. The average number 
of hydrogen atoms per dust grain in the cloud is 10”. 

One of the main differences between diffuse (ny,~10- 
10° cm~’) and dense or dark (ny, ~ 10°-10’ cm?) clouds is the 
following: diffuse clouds are transparent to UV radiation which 
causes ionisation of atoms and dissociation of molecules, while 
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dense clouds are opaque to UV radiation. Therefore photodis- 
sociation does not proceed in the depths of dark clouds and a 
much wider variety of complex, m-atomic molecules (up to 
m = 11, cyanotetra-acetylene HCN) are present here. This is 
why dark clouds are also referred to as molecular clouds. The 
temperature of dust grains in these clouds is T = 10-20 K. 

The outer regions of dark clouds are transparent to UV 
radiation (its flux Fuy ~ 3 x 10° cm~? $7! and its cross-section for 
interaction with molecules is ayy ~ 107'* cm’), and each mole- 
cule absorbs a UV quantum within ryy ~ 100 yr. 

The only external agents which can ionise or excite molecules 
inside the clouds are energetic cosmic protons. They interact 
with each interstellar molecule within 7, ~ 3 x 10” yr. This value 
strongly exceeds not only ryv, but also the lifetime of the clouds 
themselves which has been determined by their collisions and by 
gravitational collapse to be ta~ 10°-107 yr. 

In discussing interstellar chemistry we need to consider three 
types of chemical reactions—in the gas phase, at the surfaces of 
dust grains, and in the bulk of dirty ice. Tunnelling plays no part 
in gas phase reactions and they will not be considered here. 

As far as reactions at the surfaces of dust grains are concerned, 
most attention has been paid to the activationless recombination 
of free atoms and radicals®’’’°”*. According to existing esti- 
mates’° tunnelling can play an important and even decisive part 
in lateral diffusion processes which precede such recombination 
for physically and chemically adsorbed hydrogen atoms and for 
heavier atoms and radicals in the case of their physical adsorp- 
tion. 

What this means to molecular tunnelling (or tunnel~polaron 
transitions) as a possible mechanism of chemical reactions at the 
surface and in the bulk of dust grains, has been discussed 
recently **. An analysis of the possible role of tunnelling in 
such conversions should take into account the competition 
between the chemical reactions of complex molecules 
(components of dirty ice), their ejection from surfaces into the 
gas and their destruction by interstellar radiation which can not 
only decompose more complex molecules into simpler species 
but also initiate exothermic chain reactions of molecular 
combination for example, polymerisation. The destruction 
effects of radiation seem to restrict the formation of complex, 
m-atomic molecules in gas-phase reactions and in the recom- 
bination of radicals at grain surfaces to m ~ 10-12. Therefore 
such reactions cannot account for the formation of more 
complex interstellar molecules—up to polymer size. 

Meanwhile astrophysicists such as Sagan’*’®, Green- 
berg’, Wickramasinghe’’*° and Hoyle*'*’, although 
differing in their conjectures and conclusions about the nature of 
very complex interstellar molecules and their origins, nonethe- 
less agree that such molecules do exist in the interstellar dust. 
These conclusions are based both on laboratory analyses of 
products of low temperature UV illumination of solid mixtures 
resembling the dirty ice’*’’’’* (however, these analyses were 
performed after defrosting such mixtures, and therefore 
indicated the products of not only the ‘cold’ reactions but also of 
their after effects) and on the comparison of galactic absorption 
and emission IR spectra with the laboratory spectra of trial 
compounds’? **.”°, a 

Sagan considers the tar-like macromolecular compounds of 
irregular composition and structure formed in his laboratory 
model experiments as likely interstellar compounds and called” 
them tholins. 

After comparing various terrestrial and interstellar IR spectra 
Hoyle and Wickramasinghe arrived at some interesting 
although controversial conclusions about the formation of 
interstellar polymers of formaldehyde, of polyoxymethylene’?*° 

and even of polysaccharides*'*?, 

All these authors agree that the formation of any polymer 
requires the growth of macromolecules in a chain reaction, but 
they differ in the astrophysical conditions deemed necessary for 
such chain reactions. 

According to Sagan °, polymers and other sufficiently 
thermostable complex organic substances were transported into 
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the interstellar gas as components of grains ejected from solar 
nebulae by radiation pressure and stellar winds at the early 
stages of stellar evolution. Furthermore, tens of identified inter- 
stellar m-atomic molecules (m = 2-11) were formed not in the 
usual processes of integration in the gas phase and at the surface 
of grains but as degradation products of more complex inter- 
stellar dust compounds. Although we shall not discuss this point 
of view here, it should be noted that polymers above a certain 
temperature T, are quite often not truly stable but only metast- 
able, when stabilised by endcapping groups (see ref. 84). Being 
formed below Ta such polymers remain stable even above Ta, 
but polymer chains will not grow at T > Ta. 

Another idea is that the polymerisation (as well as the 
formation of complex molecules by recombination of radi- 
calst? 7072757778) proceeds directly in the interstellar dust grains 
at T =10-20 K, in the bulk of the ice mantles or at their 
surfaces. Even in the depths of dense clouds polymerisation 
chains can be triggered by long-range cosmic protons (Ep > 
100 MeV). However, before the discovery of the low-tempera- 
ture limit of the chemical reaction rate speculations about the 
hypothetical formation of polymers within dense clouds lacked 
kinetic grounds. . 

At present we can attempt quite a detailed analysis of such 
possibilities for at least one example, the polymerisation of 
formaldehyde. 


Interstellar polymerisation 


Let us start with the abundance of formaldehyde in dirty ice. The 
saturated gas phase concentration of CO in equilibrium with 
solid carbon monoxide at 20 K is ~ 10° cm™’, and for methane 
~ 1cm”. These values are larger or fairly close to the real 
concentrations of CO and CH, in the interstellar gas which, in 
such circumstances, can be undersaturated. Therefore the 
freezing-out of CH, (and especially of CO) seems to have much 
less significance on the formation of dirty ice than the 
solidification of ammonia, HCN, HNC, water and ethane. 

Characterising the volatility by the temperature which cor- 
responds to an equilibrium gas concentration of 1 cm~’, then we 
have in order of decreasing volatility: ethane (~35 K), 
ammonia and formaldehyde (~ 60K), HCN and HNC, then 
water (~ 90 K) and, finally, a polymer of formaldehyde—poly- 
oxymethylene (~ 100K). The rate of condensation does not 
depend on volatility while the rate of sublimation (both spon- 
taneous and radiation-induced) decreases rapidly with 
diminishing volatility. Therefore these consequences accord 
with the steady-state enrichment of dirty ice by various 
components in comparison with gas. While the relative abun- 
dance of formaldehyde in the gas phase is no larger than several 
tenths of a per cent of all the other listed compounds, its 
abundance in the solid phase, in its polymer form, could be much 
higher. Moreover, we should consider that the above listed 
cosmic abundances of various elements provide only for water 
and formaldehyde the possibility to form the whole mass of dust 
grains (0.01 of hydrogen mass) while the maximum total mass of 
interstellar ethane is half of that, of HCN and of HNC a quarter 
of that, and of ammonia a sixth of that. 

The attainment of steady-state conditions requires percep- 
tible gas-solid transitions in both directions, that is a combina- 
tion of condensation and sublimation. The condensation rate is 
high enough: the number of molecules of a certain kind con- 
densed at each grain during the cloud life-time rą (years) is 
100 knera(T/M)'”, where M is their molecular mass (in 
daltons); «n (cm ~") their gas phase concentration (n = AHH» 
x <107°); e <1 their sticking probability. For the most dense 
and long-lived clouds (n7..210'*) the condensation can even 
lead to a several-fold increase of the masses of grains during the 
time that the cloud exists. 

Estimates of the sublimation rate contain more uncertainties. 
The rate constant of spontaneous (thermal) evaporation of 
molecules bound to the surface with a binding energy D 
equals K,.~10'* exp(-D/kyT), and the time of such an 
evaporation of the surface monolayer would exceed the clouds 
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lifetime if (D/kg) = 60 T. 

Detailed estimates of the rate of induced evaporation caused 
by the transient heating of the entire grain by low-energy cosmic 
rays and, to a lesser extent, by the spot heating of the same origin 
are given in ref. 70. 

According to these estimates the lifetime of clouds ensures 
numerous repetitions of evaporation of molecules physically 
adsorbed at the strange lining (at D ~ 0.05—0.1 eV). However, 
the evaporation of mantle would be strongly hindered by its 
conversion to a crystal with greater binding energy. There will be 
no evaporation at all of molecules incorporated into the polymer 
chain. Therefore one can expect formaldehyde to be more 
abundant in the surface layers of interstellar grains because of its 
polymerisation. 

The radiation—chemical yield of solid-state polymerisation of 
crystalline formaldehyde at 20K is G~10* molecules per 
100 eV of radiation energy’. Thus the energy delivered by 
cosmic protons to a grain during ~ 3 x 10° yr is already sufficient 
to cause its complete polymerisation if it were to consist 
exclusively of formaldehyde: mixed composition of dirty ice 
certainly hinders polymerisation. Nevertheless, although the 
active end group is surrounded from all sides but one by 
admixtures it will ‘automatically’ select the only possible direc- 
tion to add the neighbouring monomer molecule. The formation 
of a new link of the growing chain at the surface can be preceded 
by several futile encounters of the end group with other mole- 
cules hitting the surface from gas phase or diffusing along the 
surface. It would be interesting for interstellar chemistry to 
compare the G values for low-temperature polymerisation 
initiated by electrons and y rays (when the local heating along 
the tracks is insignificant), by protons, and by heavy ions (when 
the heating along the tracks is particularly strong*’). It would 
also be desirable to determine directly the radiation yield of the 
evaporation of various molecules from different surfaces. 

The rate of lateral diffusion of physically adsorbed molecules 
at low temperatures is determined by tunnelling and an esti- 
mate’® of the time of a quantum jump of a molecule with M = 30 
gives tr~ 0.1-1 s. For the diffusion in the ‘strange matrix’ when 
the encounter of reactants requires N jumps, the reaction rate 
would be determined either by diffusion (at To < ¢,,), or by kinetic 
factors (at 7o > fr), and the time of reaction would correspond- 
ingly be the time of N or of (Nro/ tu) jumps. If the end group of a 
growing chain is surrounded only by its own monomer, the 
diffusion factors cease to play any part, and the possibility or 
impossibility of effective polymer accumulation in the inter- 
stellar dust grains is determined by the interplay of four charac- 
teristic times—7ro, Tuy (for diffuse clouds and outer layers of 
dense clouds), and Ta (deep in dense clouds), as Ta < Tp. 

Consideration of these criteria leads to the following inequal- 
ities required for the realisation of chain reactions with chain 
length v, in dense clouds: 


To < (1077-1077) 7,./y OT To < Taf v 


Taking the value of the pre-exponential factor wọ = 104 s™* one 
gets the following condition for the classical (Arrhenius-type) 
interstellar chain reaction to proceed: E< T(5.6x10- 
2x10% log v) eV. 

In the case of polymerisation of formaldehyde (v = 10°, 
Exp = 0.1 eV, refs 31-35) the inequality ry « 10’-10* yr would 
be fulfilled for Arrhenius kinetics only at T >20 K, while the 
experimental value is 79 = 107? s, at T = 4-12 K. 

An approximate representation of the rate of tunnelling is 
obtained by using Gamov factors (see refs 37, 66): G,= 
exp (~ Bd(mE)'’*/h). This yields the following condition for 
quantum (tunnelling) chain polymerisation of formaldehyde in 
dense clouds: 

Bd(mE)'”*/h<4—-0.15 log v 


where 2 = 2V2 for a rectangular barrier, B = m V2/2 for a 
parabolic barrier, and 8 = 4V2/3 for a triangular barrier, d is in 
angstroms, and E in electron volts. This inequality corresponds 
to: d(E)'’? < 60-90 for the tunnelling of electrons, d(E)'/?7< 
1.4-2 for H atoms, d(E)'” <0.35-0.5 for formaldehyde mole- 
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cules in a monomer matrix. 

In this way tunnelling could significantly increase the number 
of possible low-temperature reactions in dense clouds. One case 
would be, for example, the possibility of tunnelling poly- 
merisation at the surface of dust grains with the formation of a 
very thin (several molecular layers) polymer film around the 
inner region of dirty ice. Such a film could protect the surface of 
this inner region from both condensation and sublimation. 

For chemical and prebiotic evolution the reactions of poly- 
condensation in dirty ice mantles with the participation of 
CH,0, HCN, HNC, NH; and H,O are of interest. Such 
reactions lead to the formation of amino acids, polypeptides, 
sugars and nucleotide bases (purines and pyrimidines), they are 
exothermic, but not chain-type. 

There are no reasons why there could be a ‘pure’ molecular 
tunnelling mechanism of such reactions-the rate of tunnelling 
falls steeply to a vanishingly small limit with increasing barrier 
widths and masses. However, each single step of a chemical 
conversion which represents an elementary gas phase process 
(such as the reaction HC = O + NH; > H.C = NH + H,O), pro- 
ceeds in the solid as a sequence of many individual or collective 
conformational rearrangements of molecules, complexes or 
indeed whole regions of molecular crystals. The collision of a 
dust grain with a cosmic proton or UV quantum, or the release of 
recombination energy at the grain surface can induce the trans- 
fer of the ‘driving’ particle, such as the electron, which deter- 
mines the number of conformational rearrangements. In this 
way the tunnel-polaron mechanism?” becomes involved: the 
single long-range transfer of a molecule (d ~a) is replaced by 
several short-range displacements (d;~ A, $ d;~a) which can 
lead to the lowering or even to the disappearance of the activa- 
tion barrier (see Fig. 3), and to a reasonably high and tempera- 
ture-independent rate of chemical conversions of cold systems 
such as of isomerisation. This mechanism could be important 
also for chemical and prebiotic evolution. 

One should, however, bear in mind that if a certain product is 
formed as a final step in a non-chain sequence of n chemical 
conversions, and each of these conversions needs an external 
stimulus, then the yield of such product would be nv times 
smaller than the number of molecules entering the chain of 
length v. Therefore the yield of multistep polycondensation 
reactions accumulated during the life-time of dense clouds 
would not exceed 0.01% of the mass of the grains. 

The formation of even the most complex biopolymers in 
interstellar dust grains does not guarantee their conservation 
during the later formation of new stars and planetary systems, 
when the dense clouds collapse. One can not exclude, for 
example, the strong heating at the surfaces of planets at certain 
stages in their evolution. Nevertheless, one should also keep in 
mind the variety of possible chemical reactants and reactions in 
‘warm’ systems depending on their history. For example, poly- 
mers created and stabilised by endcapping at low temperatures 
could survive the consequent warming, but they cannot be 
formed directly at higher temperatures. Meanwhile the exis- 
tence of such polymers opens additional possibilities of chemical 
conversions not only in cold, but also in warm systems, such as 
the integration of molecules in shock-wave induced solid-phase 
reactions***’ and in the vicinity of phase transitions, which 
proceed during the alternate heating and cooling of reac- 
tants***’, Favourable conditions for the latter type would be 
provided, for example, by multiple transportation of stable 
organic compounds between circumstellar disks and interstellar 
clouds’® and in comets with extended orbits which alternately 
suffer short heating when approaching the Sun, and prolonged 
deep cooling, away from the Sun. 

The hypothesis of a cold ‘entropyless’ exothermic formation 
of complex molecules permitted only by quantum chemical 
reactivity is not an alternative, but an additional idea on the 
mechanisms of chemical and prebiotic evolution in terrestrial 
and extraterrestrial conditions. 

I thank Professor V. A. Benderskii for stimulating dis- 
cussions. 
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A large body of newly determined rotation measures (RM) 
for extragalactic radio sources gives a new, much clearer 
picture of the magnetic structure of our Galaxy. The RM 
sky is dominated by a very strong zone which extends to 
large (down to b = —40°) negative galactic latitudes. Both 
the strength and extent of this feature are greater than 
appreciated from earlier data. It coincides in angular posi- 
tion with loop II of the non-thermal radio background 
radiation of the Galaxy. This, and two other strong RM 
features suggest that our Galaxy has very large-scale 
magnetic field zones, probably between the spiral arms, and 
that the prevailing sense of the field is opposite in the 
interarm regions on each side of the Sagittarius arm. 





0028-0836/79/0279-—O1 15501 0° 


WE report the discovery of some new large-scale features of the 
galactic magnetic field which have been obtained from a pro- 
gramme to determine accurate rotation measures (RM) of a 
large sample of extragalactic sources. 

Previous analyses of Faraday rotation’ have shown that a 
systematic modulation of the RMs occurs with galactic coor- 
dinates (1, b) and that RMs are systematically larger at low 
galactic latitudes. They also indicate a prevailing sense of RM 
consistent with a local magnetic field directed towards / = 90° 
(refs 2, 4, 6, 7), a trend which also agrees with that deduced from 
the RMs of pulsars’. 

Our new polarisation data have greatly improved the number 
and quality of RM determinations for extragalactic radio 
sources, and currently give 528 RMs. This is nearly a factor of 2 
more than the number of previously published RMs of 
equivalent reliability. The increased density of sources on the 
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galactic (/,b) sky provides us with the clearest picture yet 
obtained of the large-scale galactic contribution to the RMs. 


A large, high-latitude anomaly in the RM sky 


Figure 1 shows the distribution in galactic coordinates of rota- 
tion measures of 476 extragalactic sources. This sample has been 
purged of 52 sources whose RMs, although accurately deter- 
mined, are likely to be ‘contaminated’ by Faraday rotation in the 
sources themselves, rather than in the interstellar medium. We 
have established that sources with high depolarisation rates (that 
is, low A,/2 values; see ref. 9) have systematically higher RMs. 
We have therefore removed sources with low A,;2 (<10 cm), as 
this is an independent source parameter unlikely to be related to 
the effects of our Galaxy. 

The most prominent feature in the RM sky is a large zone of 
negative RMs from b = +10° to —40° at 45° <1< 160°. We shall 
denote this as region A. Although previous RM data showed the 
region centred near /~90° to have predominantly negative 
RMs, the large angular scale and strength of this region are 
revealed for the first time by our new data. Figure 1 shows that 
surprisingly large RMs, up to 200 rad m™’, occur at negative 
latitudes as far as —30° near /~ 90°. This contrasts with most 
other galactic regions, in which the RMs are small at |b| = 12°. 


Other new zones of high RM off the 
galactic plane 


To display the large-scale RM features better, we have cal- 
culated the average RM of neighbouring sources within a 10° 
radius of each source. Sources with RMs greater than 1.30 from 
the mean are omitted from the averaging calculation. Figure 2 
shows the average RM centred on each source. Inspection of 
Fig. 2 reveals that there are two other zones of systematically 
large RM above |b| = 5°; one (region B), centred near / = 255°, 
extends to negative latitudes b ~ —20°, and has large positive 
RMs of up to 300 rad m™. A third high-RM zone (region C) at 
positive latitudes is centred at 1 ~ 40°, b ~ +5°. 

We note that in the south galactic hemisphere the prevail- 
ing RM sense as previously noted by Gardner, Morris and 
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Whiteoak’, and Vallée and P.P.K.°, is negative in 0°</< 180° 
and positive at 180°=</< 360°. This trend continues from the 
galactic plane as far as the south galactic pole, and is reinforced 
by the present, larger RM sample. The overall trend of RMs in 
the northern galactic hemisphere (NGH) is less straightforward. 
At latitudes about +20° the prevailing RM sense is positive for 
0° < 1 < 90° (which we denote as the first quadrant), and the sign 
alternates in successive quadrants in the NGH. One explanation 
of this pattern, which was also recognised by Gardner et al.” and 
Vallée and P.P.K.°, is that loop I (the North Galactic Spur, see 
ref. 10) seems to cause a perturbation of the local magnetic field 
on a large angular scale in the first and fourth quadrants (0° 
90°, and 270° > 360°) in the NGH. The outer two quadrants 
reflect the trend of RM present at southern latitudes. 


Rotation measures and the galactic loops 


The perturbation of the RMs in the first and fourth quadrants 
and b > +20° is consistent with a large magnetic loop associated 
with loop I which is the largest ‘off-plane’ feature of the galactic 
continuum radiation''. We can now establish the magnitude of 
this perturbation as ~30 rad m”. This is much weaker than 
features A, B and C mentioned above. Feature C, being close to 
the plane, is probably not associated with loop I. 

Loop III (ref. 12) in the northern hemisphere has no cor- 
responding large-scale RM feature greater than ~20 rad m° 
(Figs 1, 2). The fact that loops I and III do not appear as strong 
features in the RM sky is consistent with other evidence that 
they are local features. 

Loop II (ref. 12), on the other hand, seems to encircle RM 
feature A. Whether or not this is merely coincidence is not clear, 
but we also note that region A coincides with a mild enhance- 
ment of the galactic continuum radiation. If loop H is similar in 
nature to loops I and IHI and if it is also associated with feature A, 
the very large RMs in A require it to be too large to be local. A 
mean RM at /=90°, b=—25° of —150 rad m° implies, for 
(na = 0.03 cm™° and an aligned magnetic field of 3x 10°°G, a 
scale length of 2 kpc. We conclude that if loop H is a local feature 
associated with loop III (which is directly on the opposite side of 
the galactic plane), then it cannot be associated with RM feature 
A. We consider that loop H is unlikely to be a local feature in 
view of its close angular coincidence with feature A. 


ROTATION MEASURES OF 476 EXTRAGALACTIC RADIO SOURCES 





0 <|RM|<30 
30 < |RM/< 60 
60 < |RMi< 90 
90 <|RM|< 120 


120 < |RM|< 156 
150 </|RM/< 300 
300 < |RM] 


Fig. 1 RMs of 476 extragalactic radio sources displayed on an equal area projection. Features A, B and C (see text) are labelled. 
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GALACTIC ROTATION MEASURES FOR SOURCES WITH 4, > 10cm 


ae 





Fig.2 Mean RMs in circles of 10° radius centred on each source, which emphasise the large-scale variations better than Fig. 1. The RM scale is 
the same as that of Fig. 1. The positions of the radio continuum loops I, H and III are outlined. Note that some small-scale features which are real 
are smoothed out, and the precise location of boundaries where the RM changes sign are slightly masked. These are best located in Fig. 1. 


The large scale of feature A (implied by its large RM) requires 
that it have a large magnetic energy, >10°° erg. On this consi- 
deration alone, RM feature A is too energetic to be associated 
with a supernova remnant. On energetic grounds it could be 
associated with either galactic rotation or large-scale streaming 
of the infalling high-velocity HI clouds, of which there are 
several in the same direction'**. It is possible that feature A is 
associated with local streaming effects which are related to the 
magellanic stream, because the end of the magellanic stream lies 
in the approximate direction of feature A. More data are 
required, however, to establish any connection with the magel- 
lanic stream. 


The structure of magnetic field 


The large rotation measures observed near the galactic plane 
around / = 255° (feature B) and /~90° are consistent with a 
longitudinal magnetic field directed towards /~=90°. In the 
direction opposite to galactic rotation the large RM zone is 
centred near 255° rather than 270° which suggests that the 
Perseus arm may be opening up in this direction. The RMs and 
dispersion measures (DM) of pulsars in this direction indicate a 
mean magnetic field of less than 3 uG (90° and 270° south of the 
galactic plane). From this we conclude that the extent of the 
aligned field in both these areas (A and B) is greater than 
~4 kpc. A and B must therefore be large-scale features of the 
Galaxy. Feature C at 145° can be interpreted as another 
major longitudinal component located approximately between 
the Sagittarius and the Norma-Scutum arms where (as the 
magnitude of the RM suggests) the prevailing field is directed 
along our line of sight for several kiloparsecs. 

The very abrupt reversal of RM near the plane at /~60° is 
consistent with a model containing two prevailing field zones 
pointing in opposite directions along the spiral interarms. This is 
best shown in Fig. 3, in which we superimpose the model of the 
spiral structure of the Galaxy by Georgelin’”. 

The fields do not seem to be co-planar. They also extend to 
quite large angular distances from the mean galactic plane. An 
interesting question at this stage is whether a counterpart to, say, 
region C can be seen on the / < 360° side of the Galaxy—in the 
southern hemisphere. Unfortunately, we have not made 


measurements from the southern hemisphere, and have cal- 
culated RMs only from polarisation measurements in the lit- 
erature for this region. It is now clearly of interest to obtain more 
data at |b| < 30° in the range 360° = / = 260°. This would verify if 
large-scale magnetic field components can be seen associated 
with arm or interarm regions on the southern side of the Milky 
Way. 


240° 210° 180° 150° 120° 


270° 


300° 


330° 





Fig.3 A sketch of the regions containing an aligned component of 

magnetic field, indicating their approximate scale and direction. 

This is shown superimposed on the distribution of bright HII 

regions in the Galaxy by Georgelin’*. Note that the heavy dotted 

and dashed lines do not necessarily represent the local prevailing 

magnetic field direction, but rather the zones in which the line-of- 
sight integral of RM is large and has the same sense. 
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RMs of pulsars in the direction / = 60° near the plane indicate 
a more turbulent field exhibiting several reversals along the line 
of sight. Interarm magnetic fields, on the other hand, tend to be 
more homogeneous, as suggested by the fact that there are 
virtually no small rotation measures in features A and B. 


Conclusion 


We conclude that galactic loops I and III cause at most weak 
perturbations in the RM sky. Loop II may or may not be a local 
loop like loops I and HI, depending on whether or not it is 
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associated with RM feature A. The latter must be at least 2 kpc 
and possibly as large as 6 kpc in length. 

Weak fields (<3 uG) seem to occupy the interarm regions and 
maintain the same prevailing sense for distances of several 
kiloparsecs. A reversal of the prevailing field direction occurs 
near / = 60°. The field direction seems to change abruptly as our 
line of sight crosses the Sagittarius arm. A more detailed and 
quantitative analysis of the galactic RM and magnetic structure 
will be published separately. 
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Major, minor and trace element analyses of glass from 
pumice and tuffs from the Koobi Fora and Shungura 
Formations show that the Chari, Karari and Tuff L are 
correlative; that the KBS Tuff and Tuff H2 are correlative; 
and that an unnamed tuff in the Koobi Fora Formation is 
correlative with Tuff H4 of the Shungura Formation. 





Two important early Pleistocene hominid-bearing formations, 
the Koobi Fora Formation and the Shungura Formation, are 
found in the Lake Turkana Basin in northern Kenya and in 
southern Ethiopia, respectively (Fig. 1). These formations have 
yielded several hundred hominid specimens’ and several 
thousand artefacts’*. Despite almost 10 years of work in the 
region, there are no firm stratigraphic correlations between the 
two areas. Lack of exposure in the intervening area precludes 
correlations based solely on field studies. 

Rhyolite tuffs, mostly reworked, occur in both regions and 
have served as marker beds for mapping, and have been useful 


for K-Ar dating. Over 100 tuffs occur in the Shungura Forma- 


tion, and 12 of these are extensive enough to subdivide that 
formation into 12 members. The thick stratigraphic section, 
good exposure and small lateral facies variations have resulted 
in a well-established sequence*®. The Koobi Fora Formation 
was deposited near the basin margin by different, smaller river 
systems that drained the Suregei Cuesta and the Chew Bahir 





*Present address: Environmental Sciences Division, Oak Ridge 
National Laboratory, Oak Ridge, Tennessee 37830. 


0028-0836/79/0279-——01 18$01.00 


(Lake Stephanie) region’. Mapping of the Koobi Fora Forma- 
tion has been hampered by poor exposure and rapid lateral 
facies changes. Independent dating and palaeontological studies 
in the two regions led to faunal correlations that, if acceptable, 
are very disconcerting®’. If the chronologies of both formations 
were correct™’’, faunas of similar evolutionary stage are 
separated by 0.5-1 Myr. Subsequent dating of pumice from the 
KBS Tuff (1.8 Myr)'' in the Koobi Fora Formation did not 
substantiate the original date of 2.6 Myr'™'?. This discrepancy 
has led to additional studies '*'* which disagree with the younger 
date. 

Volcanic ash is an excellent correlative tool in Quaternary 
studies. Mineral suites, refractive indices of minerals and glass, 
and the chemical composition of glass have all been successfully 
used to correlate air-fall tuffs'*'®. Reworked ash deposits, 
however, have additional complications. Erosion of pre-existing 
ash deposits and addition of pumice and glass from these 
deposits, abrasion of distinctive glass mantles on primary 
minerals and dilution of primary minerals by detrital minerals 
render several techniques useless. Primary minerals in Koobi 
Fora Formation tuffs are sometimes unrecognisable because of 
abrasion; electron microprobe studies of individual shards show 
that some tuffs are made up of several populations of shards with 
differing chemical compositions’’. Because differing propor- 
tions of these populations would make trace element analyses of 
bulk glass samples of dubious value, the present study concen- 
trated on characterising pumice fragments from tuffs because 
electron microprobe studies showed that the glass in a single 
pumice is homogeneous. 
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Fig. 1. Map of Koobi Fora and Shungura Formations. 


Procedure 


Tuff and pumice samples were collected during several field 
seasons (1972-77). Pure glass separates from individual pumice 
were obtained by gentle crushing and sieving, treatments with 
HCI and HF in an ultrasonic bath to remove adhering clay and 
silt particles, and repeated magnetic separations. Heavy liquids 
were used only as a last resort to keep bromine contamination to 
a minimum. Glass was mixed with cellulose and pressed into 
pellets for X-ray fluorescence analysis. USGS standards G-2 
and GSP-1 were used, and results were corrected for absorption. 
Glass shards from tuff and pumice samples were analysed by 
electron microprobe for seven elements and were corrected for 
matrix effects", 


Results: tuff correlations and ages 


Three tuffs stand out as having identical chemical properties 
and are thus considered to be the same tuff. Figure 2 summar- 
ises the chemical data for the Chari, Karari and KBS Tuffs from 
the Koobi Fora Formation and Tuffs H2, H4 and L from the 
Shungura Formation. 

Chari—Karari~L: the Chari and Karari tuffs of the Koobi Fora 
Formation cap their respective sections at leret and along the 
Karari Ridge. These two tuffs have been thought to be cor- 
relative on the basis of stratigraphic position’, K-Ar dates'” and 
similar faunas in the underlying strata’. Trace and minor ele- 
ment contents of glass from pumice confirm this presumed 
correlation (Fig. 2). Electron microprobe analyses of individual 
shards from tuffs and of glass from pumice show that both have 
the same composition. One pumice cobble from Tuff L of the 
Shungura Formation has the same major, minor and trace 
element composition as pumice from the Chari and Karari Tuffs 
(Fig. 2, Tables 1, 2). A glass separate from Tuff L is nearly 
identical in trace element chemistry to that of the pumice (A. 
Martz, personal communication). Feldspars from pumice in the 
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Chari and Karari Tuffs and from Tuff L range in composition 
from about An,;oAb2gOr,2 to Abs4Orzs. Average calcium, iron 
and barium contents in these feldspars over the compositional 
range Or3:—Or3, are given in Table 3. The compositional range 
over which the average was taken is restricted because both 
barium and iron vary systematically with composition of the 
feldspar, and also to ensure comparability between different 
data sets on feldspars with different compositional ranges. K-Ar- 
dating on nine feldspar separates range from 1.26 to 1.48 Myr 
and average about 1.35 Myr (R.E.D., in preparation). This 
agrees with previous results’’. 

As these tuffs have identical ages (R.E.D., in preparation) and 
chemical compositions, and because their feldspars are nearly 
identical in composition, they are probably products of the same 
eruption, and represent the same time horizon even though they 
were deposited by different drainage systems. This may indicate 
that the source area is on the drainage divide separating the two 
areas, as postulated earlier”. 

Present nomenclature is confusing; the name ‘Karari Tuff’ 
should be eliminated as the name ‘Chari Tuff’ has precedence. 
Because both the terms ‘Chari Tuff’ and ‘Tuff L’ are firmly 
entrenched in the literature, however, we propose to use each 
term in its respective section. 

KBS-H2: nine pumice fragments from the KBS Tuff in area 
131, two pumice fragments from near the KBS type locality in 
area 105, and two pumice fragments from Tuff H2 were 
analysed (Fig. 2). Three distinctive pumice types are found in 
area 131: very dark brown glass with large vesicles containing 
about 5.5% Fe,Q, (one sample); grey glass with moderate 
vesicles having about 4.2% FeO, (three samples), and silky 
white glass with stretched tubules having about 3.1% Fe:0, 
(five samples). This tuff consists of platy and stretched glass 
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Fig. 2 Trace and minor element contents of pure glass separates 

from pumice from tuffs in the Koobi Fora and Shungura Forma- 

tions, @, Chari Tuff; W, Karari Tuff; A, Tuff L; OF, KBS Tuff-105- 
East: A, Tuff H4; O, KBS-131; 0, KBS-105; A, Tuff H2. 
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Table 1 Major and minor element compositions of glass from tuff and pumice 


Unit 


Chari 
Chari 
Karari 
Karari 
Tuff L* 


KBS 
KBS 
KBS 
KBS 
KBS 
H2 

H2 


KBS 
KBS 
KBS 


KBS 


KBS* 
H4* 


Material 


Tuff 
Pumice 
Tuff 
Pumice 
Pumice 
Tuff 
Tuff 
Tuff 
Pumice 
Pumice 
Pumice 
Pumice 


Pumice 
Pumice 
Pumice 


Pumice 


Pumice 
Pumice 


Area 


102 
105 
131 
131 
131 
Omo 
Omo 


131 
131 
131 


131 


105-E 
Omo 


Sample no. 


77-23 
6-001 
77-19 
108-001 
76-L 


72-44 
77-15 
75-2t 
75-2E 
75-2F 
76-H2A 
76-H2B 


75-2C 
75-2G 
131-002 


131-001 


77-50A 
76-H4B 


SiO. 


74.7 
75.8 


ALO, CaO MgO 
10.7 0.18 0.02 
10.5 0.17 0.02 
10.6 0.19 0.03 
10.5 0.19 0.02 
10.5 0.19 <0.05 
10.9 0.19 0.05 
10.8 0.17 0.04 
10.9 0.18 0.06 
10.9 0.20 0.06 
10.9 0.21 0.07 
10.9 0.18 0.05 
10.9 0.19 0.05 
11.2 0.35 0.07 
11.2 0.34 0.07 
10.9 0.34 0.08 
12.7 0.77 0.27 
10.6 0.34 0.3 
10.8 0.35 0.2 


Determinations are by electron microprobe unless otherwise specified. Total iron as Fe,0O3. 
* Analysis by X-ray fluorescence. 


FeO, 


2.82 
2.76 
2.86 
2.86 
2.82 


3.07 
3.06 
3.08 
3.01 
3.22 
3.16 
3.14 


4,26 
4.29 
4.38 


5.70 


4.80 
4.92 


shards; generally about 30% of these are brown to dark brown 
and close examination shows that there is a continuum from the 
colourless to the dark shards. Locally, basal portions of the tuff 
lack the dark shards. Electron microprobe studies show no 
difference in chemical composition between light and dark 
shards and indicate that they both have the same composition as 
the most common pumice type (that with about 3.1% Fe0O4, see 
Table 1). The three types are easily distinguished on the basis of 
their trace element chemistry (Table 2, Fig. 2). K-Ar dates were 
determined on all three types of pumice to determine whether 
older pumice had been reworked into a younger tuff. If this is the 
case, the pumices involved must differ in age by less than the 
analytical error (about +0.03 Myr), as the groups had average 


dates of 1.82, 1.83, and 1.84 Myr, respectively (R.E.D., in 
preparation). Concordant glass-feldspar pairs were found for 
two pumice (R.E.D., in preparation). 

Two pumice from the type KBS Tuff in area 105 have the ` 
same composition as the dominant group in area 131; electron 
microprobe analyses on glass shards from the tuff show that it is 
the same tuff as in area 131 (Table 1). A conventional K-Ar date 
of 1.75 Myr was obtained for one feldspar separate (R.E.D., in 
preparation). Two pumices from Tuff H2 in the Shungura 
Formation also have the same composition as the dominant 
pumice type in area 131 (Fig. 2). Electron microprobe analyses 
of glass from the pumice confirm this conclusion (Table 1). Four 
conventional K-Ar analyses (three from samples not analysed 


Table 2 Results of X-ray fluorescence analyses on glass separates from pumice fragments 


Tuff Area Sample no. Nb Zr Y 

Chari 6 6-001 A 106 885 84 
Chari 1 1-9902CC 103 864 82 
Karari 131 108-1 104 844 82 
Karari 131 108-2 114 940 89 
Karari 131 108-3 107 832 81 
Karari 131 108-4 118 964 92 
Tuf L Omo 76-L 105 867 90 
KBS 131 75-2A 224 972 105 
KBS 131 75-2B 221 946 105 
KBS 131 75-2D 225 968 109 
KBS 131 75-2E 198 1002 115 
KBS 131 75~-2F 213 1176 117 
KBS 105 77-108A 201 1016 113 
KBS 105 77-108B 219 1057 117 
H2 Omo 76-H2A 218 1014 110 
H2 Omo 76-H2B 201 1083 113 
KBS 131 75-2C 254 1412 109 
KBS 131 75-2G 231 1436 110 
KBS 131 131-002 239 1553 116 
KBS 131 131-001 176 1408 76 
KBS 105-E  77-109B 104 492 49 
KBS 105-E LUCAS-C 130 686 63 
KBS 105-E LUCAS-B 132 707 68 
KBS 105-E LUCAS-A 135 yey, 69 
KBS 105-E  77-109D 154 74i 67 
KBS 105-E  77-109A 142 TST 71 
KBS 105-E 105-004 149 734 67 
KBS 105-E  77-50A 171 830 74 
H4 Omo 76-H4B 176 876 79 


In p.p.m. except total iron, which is reported as % Fe,04. 


Sr Rb Zn Mn Ti Fe,0; 
4 109 178 57% 1000 2.82 
1 105 179 588 992 2.84 

40 105 176 599 952 2.85 

36 111 189 617 1059 2.95 
9 103 178 573 980 2.71 
5 115 183 595 996 2.88 
7 107 176 576 999 2.82 

_ 162 218 826 1129 3.13 

mmm 165 213 832 1080 3.05 

— 169 221 854 1098 3.16 

11 168 219 841 1130 3.13 
6 166 238 933 1305 3.24 
4 169 220 836 1170 3.16 
] 177 226 853 1203 3.17 
4 170 220 835 1120 3.05 
7 172 221 833 1146 3.06 

-l 142 252 1309 1811 4.11 
5 141 254 1287 1889 4.14 
z 149 260 1373 1953 4.24 
5 91 198 2786 3611 5,48 
5 73 132 1615 3994 3.94 
8 98 164 1762 3475 4.32 

& 98 172 1877 3753 4,52 
8 100 170 1847 3744 4.57 

15 103 154 1705 3293 4.51 

10 103 159 1767 3288 4.53 
2 99 166 1882 3823 4.61 

19 111 189 1799 3245 4.80 

16 117 201 1822 3081 4.92 
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Table 3 Minor element content of feldspars 


AI L ERR AA Ae ara H TENT aannaaien L R hinaa apa AML AAS eM Hg hither ener bre Weare esr Arh si LLAMA ia HAA eE 


Sample no. KA no. Tufi 


Area CaO BaO Fe,O,* 
108-1 2815 Karari 118 0.08 0.25 0.41 
6-001 A 2865 Chari 6 0.11 0.26 0.41 
108-4 2880 Karari 118 0.09 0.3] 0.36 
108-2 2882 Karari 118 0.09 0.31 0.34 
76-L 3254 Tuff L Omo 0.10 0.29 0.36 
75-2A 3160 KBS 131 0.08 0.07 0.43 
75-2D 3161 KBS 131 0.06 0.06 0,43 
77-108 A 3189 KBS 105 0.08 0.05 0.38 
76-H2A 3256 H? Omo 0.08 0.06 0.42 
75-2C 3166 KBS 131 0.09 0.06 0.36 
75-2G 3167 KBS 131 0.08 0.02 0.45 
131-002 2842 KBS 131 0.07 0.045 0.47 
131-001 2869 KBS 131 0.28 9.11 0.38 
77-50A 3182 KBS 105-E 0.14 0.03 0.65 

— H4 Omo 0.10 0.04 0.697 





Averages taken over the range Org2-Ors,. 
*Total iron expressed as Fe0O4. 
+Analysis taken from ref. 5. 


by X-ray fluorescence and from an earlier study") average 
1.87 Myr (R.E.D., in preparation). 

There are several types of feldspars from the KBS Tuff. Those 
from pumice samples, where the iron content of the glass is 
about 3.1 or 4.2%, are indistinguishable chemically, and range 
from about AngAb7,Or,, to Abg2Or3g. Those from samples, 
where the iron content of the glass is about 5.5%, range from 
about An,.Ab,30r,;o to Abg;Ors, and are distinctly higher in 
calcium and barium. Averages for all points with greater than 
32% Or are given in Table 3. These feldspars are clearly distinct 
from the feldspars of the Chari-L Tuff. A third feldspar type is 
found in the KBS Tuff from area 105-E; it is distinct from the 
other two and is discussed below. 


Discussion 


The combined evidence justifies a correlation between the 
KBS Tuff of the Koobi Fora Formation in areas 131 and 105 and 
Tuff H2 of the Shungura Formation because of the close cor- 
respondence in age (R.E.D., in preparation) and composition. 
The age of 1.8 Myr for this tuff (R.E.D., in preparation) is 
compatible with palaeomagnetic studies”, which place this tuff 
in a normally polarised section, and with faunal evidence’. We 
propose that this ash should continue to be called by its original 
term to avoid confusion in future studies. 

KBS (area 105-East)-H4: the tuff that occurs in area 105-East 
is not the KBS Tuff because no pumice characteristic of that 
found in the KBS Tuff in areas 105 and 131 are found in this 
area. Compositions of glasses from pumice show that they are 
members of a alkaline-rhyolite differentiation series (Fig. 2, 
Table 2). A single pumice lump from Tuff H4 of the Shungura 
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Formation also falls on this differentiation trend. Composition 
of minor element chemistry of feldspars from pumice also show 
them to be related (Table 3, samples 77-50A and H4). Con- 
ventional K~Ar dates on these samples average 1.8 Myr. 
Although this tuff is similar in age to the KBS Tuff and Tuff H2, 
and also occurs in normally polarised sediments, stratigraphic 
relationships in the Shungura Formation show that Tuff H4 
occurs about 15m above Tuff H27'; this tuff is therefore 
younger than Tuff H2. Because these pumice from the KBS Tuff 
in area 105-East and Tuff H4 have indistinguishable chem- 
istries, feldspar compositions, and conventional K-Ar dates 
(R.E.D., in preparation) they are probably the same tuff. 

Correlation of the Chari and Karari Tuffs with Tuff L, of the 
type KBS Tuff with Tuff H2, and of the tuff in area 105-East with 
Tuff H4 of the Shungura Formation is independent of the 
controversy surrounding the age of the KBS Tuf” t. However, 
the correlations presented here are compatible with 
palaeomagnetic studies**?' and additional K-Ar dates on other 
tuffs within the Koobi Fora, Kubi Algi and Shungura Forma- 
tions’. 
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Application of ‘molecular’ theories to the 
structure of the crystalline state 
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Recent years have seen the development of simple molecu- 
lar orbital based ideas to view the structures of molecular 
ring, cage and cluster compounds. The principles of these 
methods are used here to demonstrate in a new way how the 
structures of solids depend on electronic configuration. 
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IN contrast to the structures of simple molecules there are many 
possibilities for the geometrical arrangement of simple systems 
as extended arrays in solids. We may pinpoint three general 
factors which determine a solid state structure. First, the efficient 
packing together of the atoms in the solid. The occurrence of a 
particular AX structure will often be restricted if the radius ratio 


© Macmillan Journals Ltd 1979 


122 


of the two atomic species A and X is unfavourable. Second, the 
preservation of long-range order. Many structures look very 
favourable when a small cluster of atoms is built up but some- 
times completion of another coordination shell is not possible 
whilst retaining the symmetry of the structure. Third, electronic 
forces. These may be divided into ionic, non-directional effects 
and covalent forces, directional in character. This article shows 
how recent developments in understanding the structures of 
molecular ring, cage, and cluster species may be used to provide 
a new way of viewing the structures of solids. 


Theories for molecular species 


One way, due to Mingos’, that we can look at the geometries of 
these cages and rings is to start by taking the molecular orbital 
structure of a simple symmetric system and inquire what 
happens to the number of skeletal bonds as we add electrons to 
the system. Figure 1 shows a molecular orbital diagram for a 
tetrahedral A, species. It is characterised by the fact that there 
are six low energy orbitals holding the framework together and 
to higher energy six orbitals which are antibonding between the 
A atoms. The four orbitals which point outwards from the 
tetrahedron and do not take part in framework bonding are not 
shown. With five electrons per A atom there are just enough to 
fill all the six skeletal bonding orbitals (number of skeletal 
electron pairs, n = 6) and the outward pointing orbitals (lone 
pairs). This is the case for the electron precise tetrahedral 
molecule P, (Fig. 1) where there are six P-P linkages. For n =7 
two electrons must go into an antibonding orbital and one of the 
AA bonds is broken. Thus the structure found for B,Hj, is an 
opened-out tetrahedron. With n = 8 a similar structure results 
for Pa(cy) (cy = cyclohexyl) but with no central linkage. For 
n =9 three of the tetrahedral bonds must be broken, This is a 
novel way of looking at PCI, or SF. The presence of a central 
atom does not disturb this simple picture (but we must be careful 
to count the number of skeletal electrons properly) and with 12 
‘skeletal’ pairs CCI, has no bonds between the A (in this case CI) 
atoms. An analogous scheme holds for the rationalisation of the 
structures of many transition metal cluster complexes which are 
difficult to understand in more conventional ways. 


‘+ "DW 
Pa 


BaH io 


WAL 


Paya PCI, $F; 





hypho 


Fig. 1 a, Schematic molecular orbital picture of a tetrahedral A4 
species; b, the structures of some four atom units; c, the latter 
viewed using Wade's scheme. 


The second approach, due to Wade*™, is again based on the 
number of skeletal electrons in the molecule, n. The resultant 
structure is based on that of an N vertex deltahedron where 
N=n-1. If the carborane or cage compound has N skeletal 
atoms then all the vertices will be occupied (a closo structure) if 
N —1 atoms all the vertices but one will be occupied (a nido 
structure), if N —2 atoms then all the vertices but two will be 
occupied (an arachno structure), if N-3 atoms then all the 
vertices but three will be occupied (a hypho structure), and so 
on. Figure 1 also shows how the Pa, BaHio and Pacy, molecules 
are viewed on this scheme, as nido, arachno and hypho species. 
Various rules* have been developed to predict which vertices 
will be left vacant in nido, arachno and hypho structures. 
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Bond breaking and the number 
of valence electrons 


A large number of AX systems with eight valence electrons per 
formula unit adopt the zincblende (sphalerite) or wurtzite struc- 
ture (Fig. 2.) ZnS, carbon (diamond), AlSb, CuCl, CuBr, HgS 
are among the systems which adopt the former structure and 





Fig.2 a, The zincblende (sphalerite) and b, wurtzite structures, c, 

part of the zincblende structure indicating a ‘unit cage’; d, unit cage 

of the wurtzite structure (other ways of choosing the cage are, of 
course, possible). 


ZnO, AIN, BeO, CdS, Cul, MgTe the latter. Some of the 
examples are dimorphic. (For details of these and other systems 
cited here see refs 5~7.) Extraction of a chunk of lattice from 
each structure reveals the basic building block and demonstrates 
the similarity between the two systems. We recognise in these 
two lattice fragments the framework found for adamantane or 
POs and PO; (zincblende) or bicyclo(222)octane or bar- 
rellene (wurtzite) in molecular systems. How the molecule (or 
solid) is held together is best illustrated for the case of the 
diamond configuration. Each carbon atom has four, equivalent, 
tetrahedrally directed orbitals on a localised equivalent molecu- 
lar orbital picture, made by suitable combination of 2s and 2p 
orbitals. With four electrons, each carbon atom contributes half 
a bonding electron pair to either a cage bond (that is towards the 
framework of the structures of Fig. 2c, d) or to an outward 
pointing bond which connects this cage to another. Thus no 
electrons go into antibonding orbitals and there are the right 
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number of electrons to make four bonds around each carbon 
atom. In the case of molecular P,O, the outward pointing 
orbitals are filled with lone pairs of electrons leaving just 24 
electrons, (that is 12 pairs) to make all 12 intracage bonds. These 
are examples of electron precise structures and regular 
geometries are found. But what happens when more than eight 
electrons per atom pair are present? According to the approach 
above, bonds are broken. Equation 1 shows one series of 
structures we will follow which show that the ‘molecular’ 
approach also works well for solids. 


ZnS > BGaSe ~ As > Se, Te > 1, > Xe 1 
| 14 16 


Wurtzite: 
No. of electrons: 8 9 10 12 


We start by considering the wurtzite structure. Each cage (Fig. 
2d) contains two formula units. The three AX units forming the 
sides of the prism are shared by three such cages, the ‘apical’ AX 
unit is associated with only one cage. The apical atoms are 
attached to another cage by a single linkage top and bottom. The 
prismatic atoms are each attached to two other cages. There are 
thus 16 electrons per cage, all residing in bonding orbitals. With 
one extra electron per formula unit (for example GaSe) there are 
sufficient electrons to break one two-electron-bond per cage. 
We need to count up the number and type of the bonds present 
in the cage very carefully in order to see how many bonds may be 
broken. We may break either two extra-cage linkages,(a) in Fig. 
2d, three prismatic cage linkages (b) or two pyramidal (c) 
linkages with these electrons. If extra-cage bonds are broken 





Fig. 3 a, The BGaSe structure; b, the wolfsbergite (CuSbS2) 
structure, Large circles Se, small circles Ga or Cu, and small full 
circles, Sb. 
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then each cage will contribute to the bond breaking, and two of 
these bonds may be broken for each pair of electrons contri- 
buted by a single cage. If cage bonds themselves are broken, the 
number which may be broken per extra electron pair per cage 
depends on the number of cages that share a particular linkage: 
three for the prismatic bonds, b, and two for the pyramidal 
bonds, c. The structure of B- GaSe (Fig. 3a) shows that the bonds 
broken are either both the a bonds or all three b bonds, the result 
being indistinguishable because of the symmetry of the struc- 
ture. Itis important that the number and type of linkages broken 
compared to the wurtzite structure accords with the number of 
extra electrons present. Two other differences are of note by 
comparison with the wurtzite geometry. First, after bond fission, 
each of the layers moves with respect to the one beneath it. This 
clearly aids the packing together of the layers. Second, a re- 
adjustment of the atom positions within the cage has occurred. 
The Se atoms only occupy the apical positions of the wurtzite 
cage fragment. GaTe has a related structure with the Te atoms in 
the apical sites but with some other differences. 

A structure where different linkages of the wurtzite cage are 
broken is that of wolfsbergite CuSbS,. If we write this as Cu(1) 
Sb(111)S, to satisfy divalent sulphur then the copper contributes 
one 4s electron to the electron count. Antimony contributes five 
electrons and this leads on average to nine electrons per AS unit 
that is one more than in ZnS and makes this structure iso- 
electronic with GaSe. Wolfsbergite is a superstructure of wurt- 
zite and we can readily see from Fig. 3b that two pyramidal SbS 
linkages are broken. 

Again the sites of lowest coordination, where the breakage 
has occurred contain the most electronegative species. This 
observation accords with a general feature of molecular cage 
compounds. The sites of lowest coordination are invariably 
those carrying the highest charge. Just as in discussions" of the 
forces determining ligand site preferences in molecular 
compounds the most electronegative ligand will prefer the sites 
of highest electron density. We do. not know at present why 
wolfsbergite and 8GaSe have different structures. In enargite 
Cu,AsS, (Cu(pCu,(ipAs(pS,) there is half an electron on 
average per AS formula unit. This is enough to break only one 
extra cage bond of the wurtzite unit but is insufficient to produce 
a separation between two halves of the structure as in CuSbS, or 
GaSe (we need to break two bonds at least) and the result is a 
distorted structure based on wurtzite, in which the atoms are 
displaced from their ideal positions. Instead of regular tetra- 
hedral coordination a range of Cu-S and As-S bond lengths are 
found. If the structure is regarded as being made up of Cu;,(I) 
As(v)S, then the structure is an electron precise one (four 
electrons on average per AS formula unit) and an undistorted 
tetrahedral superstructure is expected. 

With 10 electrons per formula unit there are now sufficient 
extra electrons to break two bonds per cage. In addition to the 
two extra-cage linkages broken in GaSe, the three vertical 
linkages, b, may also be broken. (Note that each vertical cage 
linkage is shared by three cages, so that one extra pair of 
electrons contributed per cage is sufficient for fission of all 
three.) The As structure is just this and again the layers are 
moved with respect to each other to aid in packing (Fig. 4a). 
With 12 electrons one more bond may be broken per cage and 
the result is the chain structure (Fig. 4b) found for elemental Se 
or Te. With 14 electrons another bond may be broken and the 
result is a lattice composed of molecular I, units, still retaining 
(Fig. 5) in fact a geometrical resemblance by packing of the 
diatomic units, to the parent structures. The almost trivial case 
of Xe with 16 electrons has no bonds between the atoms and a 
van der Waals solid results. 

Another of the systems that we could have considered (which 
we will examine in more detail elsewhere) starts with the eight 
electron rocksalt (NaCl) structure and observes the gradual 
breaking of bonds as more electrons are added. Thus the layer 
structures of arsenic and black phosphorus with two extra 
electrons built from three coordinate atoms are neatly viewed as 
arising through two different bond-breaking patterns of the 





Fig. 4 a, The As layër ‘structure; `b, the chain Se, Te structure.’ ’ 
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-rocksalt structure. TIF and: InC! also with two extra electrons 


have distorted rocksalt-structures where in the latter for exam- 


-. ple the chlorine atoms :are coordinated by three In ators at“ 


2.91 A and'three at 3.51'A. InS, with only one extra electron has 
a structure halfway between that of NaCl and black: phosphorus, 
is a geometry difficult perhaps to ‘understand any other way. 
Complex sulphur - containing minerals - with a non-integral ’ 


number’ of électfons per formula unit ‘are. also approachable 


using our scheme. Thus marrite PbAgAsS; contains on: average 
9.33 electrons per AS atom pair: The structure of this mineral is 
a distorted superstructure’ of rocksalt containing six’coordinate ` 
lead, three coordinate -arsenic: and three different: sulphur ` 
environments. Two. dre four coordinate and one is five coor- ? 
-dinate: On average 'then | per. atom pair 13 ‘bonds’ of the rocksalt 
. Structure ‘are broken; ‘close to ‘what would -be ‘predicted by 
interpolation. between the: results for eight. and 10 electron’ 
structures. These ideas could be useful as a’ ‘way to rationalise“ 
complex sulphide and sulphosalts structures ‘in ‘genéral. A. 


similar analysis‘applies to silicate’structures. SiO, itself ‘exists : ` 


in several: modifications, ‘the f-cristobalite and- tridymite 
arrangements being closely related (via‘an oxygen atom UA 


to those of’ zincblende and wurtzite: It is’also found; with AFT: 


substituted for Si 'and a‘cation presént: to maintain ‘electrical 
neutrality, as feldspars and zeolites which are also threé dimen- 
sional networks. (SiOz has ‘5.33 electrons per atom. ) With 5.71 ` 
electrons per atom (Si.O;);"* units are found. which give rise to. 


double chains (such. as gillespite) arid sheet structures (such as `' 
micas); With 5. 87 electrons pene atom (Si,011)8"" is reached, and < 
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double chains (such as amphiboles) aré found: With 6.00 elec- 


trons, the structure is broken up further ((SiQ;)2"~) and linear or’ 
cyclic single chains are found as in benitoite and the pyroxenes, i 
respectively. With 6.4 electrons. per atom. isolated.SiO4 tetra-: 

hedra are found as in the orthosilicates such as the olivines: This . 


` neätly shows that. the électron tich species are > made up of 


aet Aang smaller units. Me 8 > a Oe 





. Fig. 5 “The L unit cell..The dashed ine show the similarity: to the 
os _ Se, Te spirals of Fig. 4b. ; 


Extra sibcican may be introduced in other ways such. as: 
inclusion. of an alkali or alkaline earth metal into the.structure. 
Thus’ CaSi, (10 electrons per Siz unit). -has a rumpled sheet 
structure just like As, and CaSi (12 electrons per Siz unit) has 


k _ zigzag chains just like.Se or Te. 


Thus, whereas it has beén known for a long time that i iso- 
electronic species often have very similar crystal structures we 


‘a have shown here: how. the structure adopted may be simply . 
derived. It would be. an important step in the classification of the 


crystalline'state if we. could relate in general the structure of a 
particular solid to a reference geometry by consideration of its 
electronic configuration. We anticipate that this would only 
work in those’ systems where covalent or directional forces are 
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Electron counting: schemes 


_A survey of solid state structures based-on the zincblende ZnS 


structure immediately shows some similarities to Wade’s mole- . 
cular scheme. The CdIn2Se, and CdAI,S, species crystallise as 
defect zincblende structures. (Fig. 6). We‘may represent them as 
CdLJIn2Se, and CdOAIS, where O= vacancy to emphasise 
their stoichiometric relationship to. ZnS. ‘On average per AS or 
ASe unit (A = Cd, In, Al or O) there are eight electrons, just as 
in ZnS and an average of 12 electrons per ‘zincblende’ cage. This 
cage structure is neatly’ regarded as a nido. ZnS structure. The 
zincblende structure of Fig. 2 would, of course, be regarded as a 
closo structure. Examination, of a model of this System shows 
that there are three different zincblende ‘ cages’.'One of these 
has no atoms missing, the second has‘two and the third has one. 
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So the structure contains, closo, nido and arachno cages. There 
are many other examples. 

In fact solid state chemists have used electron counting ideas 
similar to these for many years, which we may formulate as four 
principles. 

(1) Starting with a close packed cubic array of ‘anions’, filling of 
the various holes gives the following structures: zincblende (one 
tetrahedral hole), CaF, (two tetrahedral holes), NaCl (one 
octahedral hole) and so on. 

(2) By substituting different cations with the same or average 
number of electrons in an ordered fashion a superstructure may 
be built up. 

(3) By substituting cations with more electrons per atom some of 
the sites of the structure remain vacant in an ordered fashion. 
(4) By substituting cations with less electrons per atom filled up 
derivatives are obtained. 

Rule (1) is the solid state analogue of the description of the 
deltahedra on which the molecular structures are based. 

Rule (2) has no molecular analogue in the strictest sense as 
superstructures are essentially a solid state concept but the best 
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analogy is that similar structures with the same number of 
skeletal atoms are obtained on substitution of, for example, a 
BH group by an Fe(CO); group. 

Rule (3) immediately recalls the occurrence of closo, nido and 
arachno molecular species. 

Rule (4) has its molecular counterpart in cluster compounds 
with a central atom for example, Ru,(CO),7C. The analogy 
between the two schemes applied to molecular species and 
extended arrays is then very striking. 
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Two large DNA fragments overlapping the chicken oval- 
bumin gene have been isolated by molecular cloning. 
Analysis of these fragments provided a map of a 46,000- 
base pair region of the chicken genome. This region 
contains the complete ovalbumin gene (including its 
mRNA leader-coding sequence) and at least two other 
genes of unknown function. All three genes are orientated 
in the same direction and their expression in chicken ovi- 
ductis under hormonal control. The three genes share some 
sequence homologies, suggesting that duplications have 
occurred in the ovalbumin gene region in the course of 
evolution. 


hcvevenneewren tyre hua nh nh hpa AAAA Aa arr a A N AE E TA aaiae a EAN aa: 


IN the chicken oviduct, the transcription of several genes, 
including ovalbumin, is strongly stimulated by steroid 
hormones’ *, Knowledge of the structure of these genes should 
help in the understanding of hormonal control and gene regula- 
tion in higher organisms. Following the discovery that the 
ovalbumin gene is split’ we’ "' and others'*"'* have analysed its 
organisation using various methods, including molecular cloning 
of chicken DNA fragments, and demonstrated the presence of 
seven introns (intervening sequences) in the ovalbumin gene 
(Fig. 1c; see ref. 15 for review). Evidence for a 47-nucleotide- 
long leader sequence at the 5’ extremity of ovalbumin mRNA 
(ov-mRNA) has been obtained’’’*'®. The Jeader-coding 
sequence is not present in any of the gene fragments which we 


had cloned previously’. 
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In an attempt to isolate the ov-mRNA _ leader-coding 
sequence and to characterise the surroundings of the ovalbumin 
gene, we decided to clone large DNA fragments overlapping the 
gene. We report here the isolation of two DNA fragments which 
cover a 46-kilobase region of the chicken genome. This region 
contains, in addition to the complete ovalbumin gene including 
its leader-coding sequence, two other genes which are both 
expressed in the oviduct under hormonal control, and which 
share some sequence homologies with the ovalbumin gene. 


Isolation of DNA fragments overlapping the 
ovalbumin gene 


We previously ’*"'' cloned four EcoRI chicken DNA fragments 
Ca’, ‘b’, ‘c’ and ‘d’), which carry most of the ov-mRNA coding 
sequences (see Fig. 1c and ref. 10). We next attempted to isolate 
adjacent regions by cloning, in AWES (ref. 17), chicken DNA 
partially digested by EcoRI (A.G. et al., unpublished), As this 
approach failed, we undertook to develop a new cloning system 
capable of propagating large pieces of DNA (F.B. et al., in 
preparation). Before these experiments were completed, similar 
cloning vehicles, named ‘cosmids’, were described by Collins 
and Hohn'*. Cosmids are plasmid vehicles which can be 
packaged in vitro into phage A heads. In this reaction, recom- 
binant molecules are produced in preference to parental mole- 
cules and are efficiently converted into infectious particles which 
can then inject their DNA into bacteria, thus giving rise to 
bacterial clones harbouring recombinant plasmids. As an 
efficient screening method was a prerequisite for the isolation of 
genes from complex genomes by this method, we developed an 
appropriate in situ colony hybridisation technique’’. 
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Fig. 1 Restriction enzyme map-of the cloned pAR1,DNA. pAR1 was constructed as follows: chicken erythrocyte DNA was partially digested with Mbol and 
fractionated by sedimentation in a sucrose gradient (5-40% sucrose in 10 mM Tris-HCl pH 8, 1 mM EDTA, 1M NaCl; sediméntation for 18 h at 25,000 r.p.mi. at 
4 °C in a SW41 Beckman rotor). Fractions were analysed by agarose gel electrophoresis and those containing fragments of. 15 to 25 kilobases were pooled. DNA was -’ - 
concentrated by ethanol precipitation and 5 wg were ligated to an equimolar amount of pJC74Km DNA digested by BamHI as previously described’. (We 
_ constructed pJC74Km by in vitro recombination of EcoRI linearised: pJC74 (ref. 20) with a 7-kilobase: EcoRI fragment-of pML2 (ref. 21) containing a kanamycin. | 
"resistance gene.) In vitro packaging". yielded 250,000 recombinants. After infection of E. coli strain 1,400 (ref. 19) bacteria were spread on kanamycin plates and” 
` screened by in situ colony hybridisation with an ovalbumin-specific **P-labelled probe (Xbal-HindlII probe, shown in line d, and derived from cloned ovalbumin 
EcoRI fragment ‘b’). A total of.25,000 colonies was examined and one positive clone was obtained. pAR1 plasmid was re-isolated three times. A restriction map of .. , 
pART was'‘constructed by analysing restriction enzyme digests of pAR1 DNA. a,‘Linear.map of pAR1 showing the'17-kilobase Mbol chicken DNA fragment- 
' integratéd in the BamHI site of pJC74Km..6, Enlargement of the 17-kilobase chicken DNA fragment; showing the restriction sites for BamHI (A), EcoRI (@);-Kpnl ` 
(@) and Xbal (x). c, Map of the ovalbumin gene’** showing the introns (identified by letters A-G), the exons (numbered 1-7)’'and the leader-coding sequence (L). `, 
The boundaries of. EcoRI fragments ‘a’, ‘b’, ‘© and- ‘dare indicatedabove, the line: d, Region corresponding to the ovalbumin-spécific probe Xbal-HindHI. Also" : 
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Two cosmids were used: pJC74 (from J. Collins) which can 
accept foreign DNA fragments of up to 32 kilobases*’ and 
pJ74Km, a kanamycin-resistant derivative which we construc- 
ted (see Fig. 1 legend) and which can accept DNA fragments of 
up to 25 kilobases. Chicken erythrocyte DNA, partially digested 
by Mbol and sized on a sucrose gradient, was ligated to 
pJC74Km DNA made linear using BamHI. BamHI and Mbol 
have identical cohesive ends which allow their ligation. In other 
experiments, chicken erythrocyte DNA, partially digested by 
EcoRI, was sized on sucrose gradients, and recémbined with 
EcoRI-linearised pJC74 DNA. After in vitro packaging, 
infection of recA’ strain 1400 (ref. 19), and screening by in situ 
hybridisation with a *’P-labelled probe corresponding to part of 
ovalbumin EcoRI fragment ‘b’ (see Fig. 1d), we isolated two 
clones, from which the recombinant plasmids pAR1 (derived 
from pJC74Km) and pAR2 (derived from pJC74) were purified. 


The cloned sequences cover 46 kilobases 
in the region of the ovalbumin gene 


Several restriction enzymes were used to construct the maps of 
pAR1 and pAR2 shown in Figs 1 and 2. Digestion of pAR1 
DNA by EcoRI yielded eight fragments, including a 9.2-kilo- 
base and a 1.3-kilobase fragment, which co-migrated with the 
cloned EcoRI fragments ‘a’ and ‘d’ of the ovalbumin gene’! 
(see Fig. 1b, c). The part of the map containing these two 
fragments confirmed our previous data on the ovalbumin gene 
organisation®”’ '', There was no fragment of the size of EcoRI 
fragment ‘b’, but restriction mapping indicated that about half of 
its sequence was present, as expected as pAR1 was isolated 
using a probe corresponding to that region. This was further 
demonstrated by hybridisation of pAR1 DNA with ov-mRNA. 
Under the electron microscope (not shown), DNA loops cor- 
responding to introns D, E, F and G were observed, in addition 
to a non-hybridised RNA tail corresponding to exons J and 2. 
From these experiments we conclude that pAR1 contains about 
17 kilobases of chicken DNA, starting from the Mbol site 
located within intron C (refs 8, 10), and ending 12.5 kilobases 
downstream from the 3’ end of the ov-mRNA coding sequence 
(Fig. 1). 

Digestion of pAR2 DNA by EcoRI yielded a series of frag- 
ments among which the ovalbumin EcoRI fragment ‘b’ (which 
contains exons 1 to 4) could be identified in a Southern transfer 
experiment’ using an ovalbumin double-stranded cDNA probe 
(Hhaov, see refs 5, 23), while fragments ‘a’, ‘c’ and ‘d’ (which 
contain exons 5, 6 and 7) could not be detected (not shown). 
Unexpectedly, a 3.5-kilobase EcoRI fragment and a 2.4-kilo- 
base BamHI fragment, which were not predicted from the 
ovalbumin gene map, also reacted with the Hhaov probe (see 
below and Fig. 6). Similar EcoRI and BamHI fragments which 
cross-hybridise with the Hhaov probe, but do not belong to the 
ovalbumin gene, have been detected previously in cellular 
DNA’. This suggests that pAR2 contains some of these oval- 
bumin-related sequences. The restriction map in Fig. 2 (a and b) 
indicates that pAR2 contains about 30 kilobases of chicken 
DNA located on the 5’ side (with respect to transcription) of the 
ovalbumin gene (see Figs lc, 2g and ref. 16). As will be shown 
below, there are sequence homologies between the ovalbumin 
gene region which is on the 3’ side of fragment Eco ‘b’ and two 
other genes, X and Y, which are present in pAR2. 

In view of the large size of the DNA fragment which was 
integrated into pAR2 and because it is the first example of the 
use of cosmids for cloning eukaryotic DNA, it was important to 
demonstrate that this cloned fragment exists as such in genomic 
DNA. We have compared the hybridisation patterns of restric- 
tion enzyme digests of pAR2 and chicken oviduct DNA in 
Southern transfer experiments. Two probes were used for 
hybridisation (Fig. 2f, g). Probe I covers 6 kilobases in the 
ovalbumin EcoRI fragment ‘b’ region. Probe II covers 14 kilo- 
bases in the middle of the cloned DNA. As shown in Fig. 3, the 
hybridisation patterns of pAR2 and oviduct DNAs with probe I 
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are identical in digests made with EcoRI (lanes 2 and 6) or Kpnl 
(lanes 4 and 8), or in double digests made with EcoRI and either 
BamHI (lanes 1 and 5) or KpnI (lanes 3 and 7). There are two 
Xbal fragments of similar size in pAR2 and oviduct DNA which 
hybridise to probe II (lanes 10 and 12). This probe also reacts 
with three fragments in Kpnl digests of both DNAs (lanes 9 and 
11). Two of these fragments (bands b and c) have similar sizes in 
pAR2 and oviduct DNAs. In pAR2, a third fragment of about 
26 kilobases which contains 16 kilobases of vector sequences is 
observed (band a, lane 11), while the corresponding fragment in 
cellular DNA has a size of about 18 kilobases and contains an 


1234 4 63s 9 10 WW 12 


sé 






Ea 
u 





. > 
ccc 
O amp l 
4 PS e 


= om 
` 
pma 


Fig. 3 Restriction enzyme mapping of cloned pAR2 DNA and of the 
corresponding chromosomal DNA region. pAR2 DNA or oviduct DNA 
were digested with various restriction nucleases and electrophoresed in 
0.7% agarose gels (10 ug of cellular DNA or 10 ng of pAR2 DNA per slot). 
Transfer on to nitrocellulose filters, hybridisation conditions and autoradio- 
graphy were as previously described*. Digests which were to be analysed 
with the same probe were all electrophoresed on the same gel, but cellular 
DNA and pAR2 DNA slots were transferred on to separate filters. Hybri- 
disation of oviduct DNA (lanes 1-4) or pAR2 DNA (lanes 5-8) with 
nick-translated probe I (see Fig. 2). Fragment sizes are given in kilobases. 
Lanes | and 5: digestion with BamHI and EcoRI, a= 7.9, b=2.4, c=0.5, 
Lanes 2 and 6: digestion with EcoRI, a= 14, b=2.4, c=0.5. (The band 
above fragment ‘b’ which appears in lanes 1 and 2 is an artefact.) Lanes 3 and 
7: digestion with EcoRI and Kpnl, a= 7.2, b=2.2, c=0.5. Lanes 4 and 8: 
digestion with Kpnl, a= 10.5. Hybridisation of oviduct DNA (lanes 9 and 
10) or pAR2 DNA (lanes 11 and 12) with nick-translated probe II (see Fig. 
2). Lanes 9 and 11: digest with Kpnl, a (lane 9)=18, a (lane 11)=26, 
b= 10.5,c=7.6. Lanes 10 and 12: digest with Xbal, a = 8.6, b =5.1,c=4.4. 
Band b (lane 12) corresponds to the Xbal fragment adjacent to fragment ‘c’ 
(at its left, see Fig. 24, e). As fragment ‘b’ hybridises only to a very small 
portion of probe II, it was not detected in the cellular DNA. 


additional 8-kilobase segment not present in pAR2 (band a, 
lane 9). As shown in Fig. 2c, d and e, the fragments hybridising 
to probes I and II and which are common to oviduct and pAR2 
DNA, cover a 24-kilobase segment. In addition, the 10.5- 
kilobase region of the cloned DNA which is distal to the 
ovalbumin sequence, and which overlaps this 24-kilobase seg- 
ment, has been found to be identical to an independently cloned 
chicken DNA fragment X£co10 (see Fig. 2g) which has been 
studied separately (J.L.M. et al., in preparation). From all these 
results we conclude that the entire 30-kilobase region cloned in 
pAR2 corresponds to a single continuous segment of cellular 
DNA, which has nut suffered any major rearrangement during 
cloning. 
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pAR2 contains the ovalbumin leader-coding 
sequence 


As pAR2 contains a very large segment of DNA on the 5’ side of 
the ovalbumin gene, we expected that it should have the ov- 
mRNA leader-coding sequence’. We have analysed by elec- 
tron microscopy the hybrid molecules formed between oval- 
bumin mRNA and heat-denatured pAR2 DNA, previously 
linearised by Sall (Fig. 4d). ov-mRNA hybridises over 620 + 67 
nucleotides in five regions separated by four single-stranded 
DNA loops. Three of these loops have sizes and locations 
corresponding to introns B, C and D of the ovalbumin gene 
which allows the orientation of the molecule with respect to 
transcription®’. The fourth DNA loop which is at the 5’ end of 
ov-mRNA is 1,606+ 150 nucleotides long (Fig. 4d). This loop 
corresponds to intron A, which was expected to separate exon / 
from the sequence coding for the mRNA leader’®. Indeed both 
the length of loop A and the location of several restriction sites 
in the corresponding region of pAR2 agree with data obtained 
on two other independently isolated clones where the presence 
of the leader-coding sequence at the 5’ end of the loop was 
unequivocally demonstrated by DNA sequencing’®. The free 
mRNA tail, which is about 1,200 nucleotides long, corresponds 
to exons 5, 6 and 7 which are not present in pAR2. 


pAR2 contains two other genes expressed 
in oviduct of laying hen 


In the 46-kilobase DNA region cloned in pAR1 and pAR2, the 
ovalbumin gene occupies only about 7.7 kilobases’*. This could 
leave ample space for other genes. As we were interested to 
know whether genes which share a similar hormonal regulation 
of expression in chicken oviduct could be clustered, we have 
hybridised total poly(A) RNA from laying hen oviducts with 
pARI1 or pAR2 DNAs. No RNA other than ov-mRNA was 
found to hybridise to pAR1 DNA. In contrast, electron micros- 
copy of the hybrid molecule revealed that, besides ov-mRNA, 
two other RNA molecules hybridised to the same strand of 
pAR2 DNA (Fig. 4a), indicating the presence of three genes 
transcribed in the same direction (Fig. 4a). The polarity with 
respect to transcription is given by the ov-mRNA-DNA hybrid 
region which is easily identified by the characteristic array of 
DNA loops corresponding to introns B, C and D (Fig. 4a, d, see 
below for the absence of the loop corresponding to intron A in 
Fig. 4a). We termed these two other genes, X and Y, giving the 
gene order 5'-X- Y-ovalbumin-3’. 

Y RNA is 2,020+ 175 nucleotides long, as measured from the 
length of the DNA-RNA hybrid regions located in the middle of 
the cloned segment. The DNA loops indicate the presence of 
seven introns (A to G) in this gene, separating eight exons (1 to 
8) (Figs 4c and Sa, b). Note that with Y RNA, as with ov- 
mRNA, the DNA loop closest to the 5’ end of the RNA is not 
seen on all hybrid molecules (and is in fact absent for both genes 
in Fig. 4a). In the case of ov-mRNA this is due to the short size 
(47 nucleotides) of the leader sequence which does not form a 
very stable hybrid in the conditions used to form preferentially 
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DNA-RNA hybrids’. A similar situation is probably encoun- 
tered with Y RNA, as its exon 1 is not actually resolved by 
electron microscopy and its existence is inferred from the 
presence of loop A (Fig. 4c). The total length of the Y gene 
(exons + introns) is about 6.5 kilobases, and its 3’ end lies about 
11.5 kilobases upstream from the ov-mRNA leader-coding 
sequence. 

A RNA is about 2,400 nucleotides long. It hybridises to 
pAR2 DNA over 1,945+200 nucleotides in three exons 
separated by two DNA loops (introns) (Figs 46 and Sa, b). The 
presence of a free RNA tail of about 400 nucleotides indicates 
that the region coding for the 5’ end of this RNA is not present in 
pAR2 DNA. There are about 5.5 kilobases between the 3’ end 
of the X gene and the 5’ end of the Y gene. Using these data, 
genes X and Y were positioned on the restriction enzyme map 
as shown in Figs 5c and 6B(I). 


X, Y and ovalbumin genes share sequence 
homologies 


In the original mapping of pAR2 DNA (see above) we found 
that, in addition to the ovalbumin gene sequences, some other 
parts of the DNA hybridised with the ovalbumin-specific Hhaov 
probe***. The finding of genes X and Y prompted us to 
investigate whether the cross-hybridising regions could cor- 
respond to these genes. 

pAR2 DNA was digested by HpallI and either EcoRI or 
BamHI. Hpall cuts the cosmid DNA into very small fragments, 
facilitating further analysis of the cloned chicken DNA, which is 
cut only two times. Digestion of the DNA from pAR2 with 
Hpalland EcoRI yields one band (band c, lane 1, Fig. 6A) which 
hybridises strongly with the Hhaov probe. Two other bands of 
weaker intensity (bands a and b, lane 1) were also revealed. 
From the restriction enzyme mapping of pAR2 we can unam- 
biguously identify these bands and show their location in Fig. 
6B, line 1. Similarly, in a Hpall and BamHI double digest, 
hybridisation with the Hhaov probe yielded one intense band 
(band a, lane 2, Fig. 6A), which includes the ovalbumin coding 
region and two other bands (bands b and c, lane 2), which are 
located in the regions of the DNA coding for genes Y and X, 
respectively (see Fig. 6B, line 2). These homologies were further 
analysed using a probe from the region of gene X (probe V, Fig. 
6B, line 5). On digestion with Hpall and EcoRI, two bands of 
hybridisation were obtained (lane 3, Fig. 6A): band a which 
includes part of gene Y, and band b which contains the region 
from which the probe was prepared (see Fig. 6B, line 3). Using 
the same probe with DNA digested by HpalIl and BamHI, three 
bands of hybridisation were found (Fig. 6A, lane 4). Two of 
these bands (c and d) originate from gene X, whereas band b 
corresponds to a part of gene Y (see Fig. 6B, line 4). These 
experiments show that there are homologies between regions of 
genes X and Y, and that both genes contain sequences which are 
homologous to some ovalbumin exonic sequences. Even so, 
these three genes and their RNA transcripts are clearly 
different, as indicated by the electron microscopic results and by 





Fig. 4 Electron micrographs of RNA-DNA hybrid molecules between laying hen oviduct RNA purified on oligo(dT)-cellulose and pAR2 DNA. RNA-DNA hybrids 
were formed by incubating heat-denatured linear pAR2 DNA (1.5 wg ml™') with oligo(dT)-cellulose-purified RNA (100 ug mi~') at 54.3°C and prepared for 
electron microscopy’. pAR2 DNA was linearised by digestion with Sall. In the line drawings, the RNAs are represented as a dashed line and the DNAs as a solid line. 
Scale bars represent 0.1 um. a, Electron micrograph of a complete single-stranded pAR2 DNA molecule hybridised with three RNA molecules. Arrows X, Y and ov 
point to the respective genes. Arrow heads 5’ and 3’ indicate the 5’ and the 3’ extremities of the RNAs. The total length of pAR2 DNA is 45,940 + 6,600 base pairs 
(from the measurements of 20 molecules). The X RNA hybridises to a DNA sequence which lies 10,460 + 1,150 base pairs from the nearest pAR2 DNA end. There 
are 5,560 + 600 base pairs between the 3' end of the X gene and the 5’ end of the Y gene and 11,580 1,350 base pairs between the 3’ end of the Y gene and the 8’ end 
of the ovalbumin gene. There are 5,330 + 540 base pairs between the DNA sequence which hybridises to ov-mRNA and the end of the molecule. Loops A of the 
ovalbumin gene (see Fig. 46) and of the Y gene (see Fig. 4c) are not visible in this picture, presumably because the hybrids responsible for their presence are not very 
stable (see text). b, Electron micrograph of an X RNA-DNA hybrid molecule. The hybrid region is 1,945 + 243 base pairs long (from the measurements of 20 
molecules). The free RNA tail is about 450 nucleotides long. The two single-stranded DNA loops ‘a’ and ‘b’ are 253 + 47 and 812 + 120 nucleotides long, respectively. 
The hybrid segments are (from 5’ to 3’) 175 +39, 181+35 and 1,613+219 base pairs, respectively. Other symbols as under (a). c, Electron micrograph of a Y 
RNA-DNA hybrid (from the measurements of 20 molecules). The hybrid region is 2,020+ 175 base pairs. The length of the single-stranded DNA loops A to G are 
1,729 + 180; 492 + 130; 303488; 812+ 135; 206486; 55420 and 890+ 134 nucleotides long, respectively. The hybrid segments (from $' to 3’) are 21871; 
93430; 165440; 153433, 167233, 183441 and 1,320+ 148 base pairs, respectively. Other symbols as under (a). d, Electron micrograph of an ovalbumin 
mRNA-DNA hybrid (from the measurements of 22 molecules). The hybrid region is 620 + 67 base pairs long. The free RNA tail is about 1,100 nucleotides long. 
Loops A to D are 1,606 + 150; 204+ 47; 578 +. 95 and 386 + 85 nucleotides long. The hybrid segments are (from 3‘ to 3’) 213 + 45, 76+ 23, 171+33 and 162 + 46 base 
pairs long. The L arrow points to the leader-coding segment which is revealed by. the presence of loop A. Other symbols as under (a). 
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Fig.5 Map of the ovalbumin gene region. a, b, Maps of genes X and Y indicating the respective locations of introns (designated by letters), exons (heavy lines and 

numbers) which are also shown on the maps of the corresponding RNAs (line b) where they are designated by numbers (for gene X the numbers are in brackets as 

definitive numbering of exons requires knowledge of the complete structure of the gene). c, Map of the 46-kilobase DNA region contained in pAR1 and pAR2, 

showing the location of the exons (heavy lines) of X, Y and ovalbumin (ov) genes. d, Probes used for the experiment in Fig. 7. Probe H is described in Fig. 2 legend. 

Probe HI is a 1.8-kilobase HindIII fragment isolated from XEco10 (see Fig. 2 legend). Probe IV corresponds to the ovalbumin EcoRI fragment ‘b and ‘c’ and to a part 
of EcoRI fragment ‘a’ (see Fig. 1c). e, Limits of the fragments integrated in pAR1 and pAR2 and scale (in kilobases) for lines c, d and e. 
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Fig.6 Sequence homologies between X, Y and ovalbumin genes. A, Digests of pAR2 DNA with EcoRI and Hpall (lanes 1 and 3) or BamHI and Hpall (lanes 2 and 
4) were electrophoresed on a 0.7% agarose gel, transferred on to nitrocellulose filters and hybridised to probes corresponding to the ovalbumin gene (Hhaov: lanes 1 
and 2) or to gene X (probe V, lanes 3 and 4). The latter probe, shown in line 5 of Fig. 6B is a 2.3-kilobase HindIII fragment subcloned from XEcoi0 (see Fig. 2 
legend). The size of the fragments are (in kilobases): lanes 1 and 3, a = 14, b = 3.4, c= 2.4; lanes 2 and 4, a= 12.5, b = 3.6,c=2.4 and d = 0.9. B, The location of the 
fragments hybridising in lanes 1 to 4 of Fig. 6A are indicated in lines 1 to 4, respectively. For a given probe the continuous line shows the fragment(s) which contain(s) 
part or all of the sequences of the probe, whereas dashed lines indicate additional fragments which cross-hybridise with the probe. The first line (I) gives the location of 
BamHI (A), EcoRI (W) or Hpall (©) restriction sites and indicate the regions corresponding to genes X, Y and ovalbumin. The dotted line corresponds to vector 


sequences. Line 5: location of probe V and scale. 
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the lack of hybridisation of the Y gene with the Xbal—HindIII 
probe (Fig. 1d) prepared from the ovalbumin EcoRI fragment 
‘b’ (not shown). 


Expression of X and Y is under hormonal 
control 


As transcription of the ovalbumin gene ts under oestrogen 
control, we wondered whether the expression of X and Y is 
regulated in a similar way. Oviduct RNA from laying hen or 
oestrogen-withdrawn chicken was fractionated on methyl 
mercuric hydroxide agarose gels, transferred and immobilised 
on to diazobenzyloxymethyl paper”. The filters were hybridised 
with probes specific for each of the three genes. 

As shown in Fig. 7, probe IV (see Fig. 5d), specific for the 
ovalbumin gene, hybridised with an RNA molecule about 1,900 
nucleotides long, which is present in laying hen oviduct (lane 3) 
but cannot be detected in ‘hormone-withdrawn’ oviduct (lane 
1), as expected for ovalbumin mRNA. Probe III (see Fig. 5d) is 
specific for gene X as it does not contain the regions which 
cross-hybridise with either Y or ovalbumin genes (J.L.M. et al., 
in preparation). An RNA species present in laying hen (Fig. 7, 
lane 7), but not in ‘hormone-withdrawn’ oviduct (lane 6) hybri- 
dises to this probe. As expected from the above electron micro- 
scopic results, the size of this RNA is about 2,300 nucleotides. 
Gene Y is not expressed in the ‘hormone-withdrawn’ oviduct 
(Fig. 7, lane 4) as no RNA species hybridised with probe IT which 
contains gene Y (see Fig. 5d). In laying hen oviduct (lane 5) we 
found an RNA species, about 2,000 nucleotides long, which 
hybridised with probe II. But we cannot state with certainty that 
itis RNA Y, because probe II also cross-reacts with ov-mRNA, 
which is of similar size. However, the electron microscopic 
results indicate unambiguously that RNA Y is present in the 
oviduct of laying hens. That the transcription of X and Y genes 
is oestrogen-dependent is indicated by the presence of X and Y 
RNAs in oviducts following administration of oestradiol to 
‘withdrawn’ chicken (not shown). However, the results shown in 
Fig. 7 and the frequency of RNA-DNA hybrids observed for X 
and Y genes by electron microscopy suggest that the concen- 
tration of X and Y RNAs is much lower than that of ov-mRNA. 


Organisation of the chicken genome 
in the vicinity of the ovalbumin gene 


Cloning of eukaryotic DNA fragments using cosmid vectors has 
not been described previously. Our experiments show that this 
system, in conjunction with an appropriate in situ hybridisation 
method’’, can be used successfully. Available phage vectors 
cannot propagate more than about 20 kilobases”. Using 
pJC74 cosmid, we have cloned a 30-kilobase DNA segment of 
the chicken genome. Shorter cosmid vectors should permit the 
cloning of DNA fragments of up to 40-45 kilobases. As such 
large DNA fragments have a greater chance of containing 
repeated sequences and might be unstable during cloning, we 
used a recA” bacterial host (some phage vectors, including 
ACharon 4A (ref. 25), would not grow on such hosts). The 
efficiency of the cosmid vector system is such’??? that it is 
possible to construct a genomic library from a few micro- 
grammes of eukaryotic DNA. Enrichment for a particular gene 
sequence before cloning seems to be unnecessary and even 
undesirable, as it might lead one to discard fragments of 
unexpected interest, such as genes of related sequences. 

In one clone we found two other genes (X and Y) closely 
linked to the ovalbumin gene. As the existence of genes X and Y 
was revealed by electron microscopy of hybrid molecules 
between total oviduct poly(A)” RNA and the cloned DNA, we 
would not have detected genes coding for minor species of 
oviduct RNAs or RNAs expressed in other tissues. Assuming 
that no other genes are present in the cloned DNA, the length of 
the intergene regions (5-10 kilobases) and of the genes them- 
selves (6-8 kilobases), is such that there would be one gene 
every 10 to 15 kilobases of DNA. 
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drawn’ chicken. Female chicks aged 5 days were injected daily with 1 mg of 
oestradiol benzoate for a period of 10 days (primary stimulation). Hormone 
treatment was then stopred and 4 weeks later the magnum portion of the 
oviduct was removed (withdrawn oviduct). Total RNA from laying hen or 
hormone-withdrawn oviduct was prepared according to a method developed 
by Dr F. Rougeon (personal communication). RNA samples (20 ug per slot) 
were separated by electrophoresis on 1% agarose gels containing 10 mM 
methy! mercury hydroxide. The RNA was then transferred to diazoben- 
zyloxymethyl paper which was hybridised to **P-labelled probes and 
washed**, Autoradiography was with a Kodirex film (Eastman Kodak) for 4 
days. Lanes 1-3: hybridisation to 2.5 x 10° d.p.m. of **P-labelled probe IV 
(see Fig. 5d); lanes 4 and 5: hybridisation to 2.5 x 10° d.p.m. of **P-labelled 
probe II (see Figs 2f and 5d); lanes 6 and 7; hybridisation to 4 x 10° d.p.m. of 
2p. labelled probe Il (see Fig. 5d); lanes 1, 2, 4 and 6: 20 yg of total oviduct 
RNA from ‘withdrawn’ chicken; in lane 2, 0.1 pg of laying hen oviduct RNA 
was added; lanes 3, 5 and 7: 20 ng of total RNA from laying hen oviducts. 


As X, Y and ov-mRNAs are produced in differentiated cells, 
could reorganisation of the genome in this region occur during 
differentiation, as in the case of immunoglobulin genes? (See 
refs 26 and 27 and refs therein.) Our comparison of the restric- 
tion map of the erythrocyte DNA cloned in pAR2 and of either 
oviduct DNA (Fig. 3) or erythrocyte DNA (results not shown) 
indicates that there is no major rearrangement. _ | 

There are striking resemblances (Figs 4 and Sc) in the 
organisation of these neighbouring genes, which are transcribed 
from the same strand and are under oestrogen control. More 
than half of the RNA-coding sequences are found uninterrupted 
at the 3’ end of all three genes. For both the ovalbumin and Y 
genes there are seven introns and the eight regions coding for the 
mature RNAs are very similar in size. In addition, the first intron 
(intron A) is about 1,600 nucleotides long in the two genes and 
separates a very short RNA-coding sequence from the neigh- 
bouring exon. It will be interesting to find whether exon / of 
gene Y is equivalent to the mRNA leader-coding sequence of 
the ovalbumin gene’®. The above similarities and the fact that 
genes X, Y and ovalbumin share partial sequence homologies 
strongly suggest that they could have arisen by at least partial 
duplications from a common precursor. In our previous work 
(refs 7, 9; see also Fig. 1 in ref. 5) we detected a limited number 
of cellular DNA fragments in the chicken genome, which cross- 
hybridised to the Hhaov ovalbumin cDNA probe, but did not 
belong to the ovalbumin gene. Genes X and Y account for the 
existence of most, if not all, of these fragments (our unpublished 
results). The presence in the chicken genome of other genes with 
the same degree of homology with the ovalbumin gene is 
therefore unlikely. 
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The organisation of the ovalbumin region is reminiscent of 
that found for the B-like globin genes”*°. Genes for B- and 
6-globin are closely linked, transcribed from the same DNA 
strand, and show extensive sequence homologies in the mRNA 
coding sequences, with introns in identical locations. They are 
both expressed in the same cellular type, albeit at very different 
rates. It is also known that the two y-globin genes are found in 
the same genomic region”*. The available evidence for several 
gene families?” suggests that the clustering of genes which are 
related both structurally and functionally might not be uncom- 
mon in eukaryotic genomes. In the present case, however, we do 
not know if the products of genes X, Y and ovalbumin are 
functionally related, as the former two have not yet been 
identified (genes X and Y do not code for conalbumin, lysozyme 
or ovomucoid; our unpublished results). 

Could the clustering of the three genes play a part in their 
expression? They could participate together in a chromatin 
domain (see ref. 32 and refs therein) or be transcribed and 
controlled by oestrogens as part of one unit. In prokaryotes, it 
has been demonstrated that genes of related function can be 
clustered in operons and transcribed by a single RNA-poly- 
merase molecule. There is no evidence at present that this occurs 
in eukaryotes. In our case, transcription of all three genes by the 
same RNA-polymerase molecule would have to be reconciled 
with the following facts: (1) the largest precursor RNA for 
ovalbumin so far detected is about 8,000 nucleotides****; (2) 
there are large differences in the levels of the three RNAs 
(ov-mRNA being the most abundant); and (3) the clustering of 
the three genes may have no other significance than reflecting 
the evolutionary process which gave rise to them. 
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Histone genes are clustered with a 15-kilobase 
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Histone mRNA isolated from 5-day-old chick embryos has 
been used as a template for complementary DNA (cDNA) 
synthesis. The resultant cDNA, after removal of sequences 
complementary to rRNA, was used to detect histone genes 
in adult chicken genomal DNA. Hybridisation data 
indicate that the histone genes are repeated about 10-fold in 
the chicken genome. Restriction endonuclease analysis 
reveals some sequence heterogeneity in these genes. 
However, the results show that chicken histone genes are 
clustered with a basic repeat unit of 15 kilobases. 





THE organisation of histone genes in sea urchin species has been 
elegantly demonstrated by mapping restriction endonuclease 
fragments’ and by electron microscopy*. A prerequisite for 


these studies was the availability of a probe of sufficient radio- 
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chemical purity to allow unequivocal detection of histone gene 
sequences. In the sea urchin system, it was possible to take 
advantage of the fact that early cleavage embryos synthesise 
predominantly histone mRNA. Pulse-labelled RNA isolated 
from these cells, although contaminated with other RNA, was 
perfectly usable because almost all the radioactivity was 
contained in histone mRNA. 

Histone gene sequences from the sea urchin have also been 
useful in studying Drosophila histone genes. Cross reactivity 
between sea urchin and Drosophila histone coding sequences 
has led to the isolation and subsequent analysis of cloned 
Drosophila histone genes*. Other systems have not been so 
amenable. Despite intensive efforts, isolation of histone mRNA 
of comparable radiochemical purity from  pulse-labelled 
Drosophila tissue culture cells* or Hela cells’ has been very 
difficult. Purification of human?’ or Xenopus? histone MRNA 
sequences by physicochemical methods has similarly proved 


Nature Vol. 279 10 May 1979 


elusive. By comparison, 5-day chick embryos seem to be an 
excellent source of histone mRNA. When cDNA is prepared 
from this RNA template and sequences complementary to 
tRNA are removed, the resulting probe can be used to detect 
histone genes in the genome. 
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Fig. 1 Isolation of chick histone mRNA. Five-day-old chick embryos were 
snap-frozen in liquid Na, then homogenised in 7M guanidinium-Cl in 
20 mM Tris-Cl, pH 7.5, 1 mM EDTA and 1% (w/v) Sarkosyl in a Dounce 
homogeniser in a final volume of 30 ml. Total RNA from this homogenate 
was recovered as material centrifuged through 5.7 M CsCl as described 
elsewhere''. The clear RNA pellets were gently homogenised in 10 mM 
Tris-Cl, pH 7.5, 1 mM EDTA, 5% Sarkosyl and 5% phenol, then made 
0.1M in NaCl and phenol extracted with an equal volume ef phenol: 
chloroform (1:1 v/v). RNA from the aqueous phase was collected after 
precipitation with ethanol, resuspended in 10 mM Tris-Cl, pH 7.4, 1 mM 
EDTA and 0.5% SDS, heated at 65 °C for 5 mid, chilled and centrifuged on 
10-40% sucrose gradients at 220,000¢ for 16 hat 4 °C. The 7-118 RNA was 
collected and refractionated on a second gradient as shown. Thirty embryos 
yielded 10-30 ug of 7-118 RNA. 


Characterisation of RNA containing histone 
mRNA 


Total RNA was prepared from 5-day-old chick embryos'’, anda 
discrete 7-118 RNA species was resolved from other major 
RNAs by sucrose gradient centrifugation (Fig. 1). This RNA 
fraction was shown to contain histone mRNA by in vitro trans- 
lation. When the wheat embryo cell-free system’? was pro- 
grammed with 7-118 RNA, the five major histones were detec- 
ted as products. Before Poly(U)-Sepharose chromatography of 
the RNA, additional products were also detected (data not 
shown). However, up to 90% of the RNA isolated from the 
second cycle of sucrose gradient fractionation (Fig. 1) passaged 
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through Poly(U)-Sepharose as unbound material. This RNA 
programmed the synthesis of histones alone as judged by analy- 
sis of protein products on two separate acrylamide-gel elec- 
trophoresis systems (Fig. 2). Although it is possible that non- 
histone translation products (if present) would not enter the low 
PH gels“ (Fig. 25), this would not be the case for SDS-urea gels 
run near neutral pH (ref. 13) (Fig. 2a). For both systems, the 
products of in vitro translation correspond precisely with marker 
'*C-histones electrophoresed in the same gel. These results 
suggest that the poly(A) minus RNA preparation is free of 
detectable contaminating mRNA species. 


Characterisation of histone cDNA 


Although the 7-118 RNA preparation programmed the 
synthesis in vitro of histones alone, the presence of other kinds of 
non-polyadenylated RNA without mRNA activity could not be 
excluded. 

It seemed reasonable to assume that rRNA breakdown 
products would be the most abundant contaminants of the 
histone mRNAs. Rather than attempt further purification of the 
RNA sequences themselves, we synthesised randomly primed 
cDNA" and then removed cDNA complementary to rRNA 
from the mixture. The **P-cDNA preparation was hybridised to 
a vast excess of 28S and 18S rRNA and the mixture centrifuged 
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Fig.2 Analysis on polyacrylamide gels of the in vitro translation products 
of 7-118 RNA unbound to poly(U)}-Sepharose. 0.5 ug of the unbound 
7-118 RNA was translated in the wheat-germ cell-free system of Roberts 
and Paterson’? at optimal salt conditions of 80 mM K* and 3 mM Mg’*. 
*H-leucine-labelled translation products were electrophoresed on: a, the 
SDS-urea gels of Swank and Munkres'’, and 4, the low-pH urea gels of 
Panyim and Chalkley'*. The gels were then sliced and the radioactivity 
measured. @, *H-labelled product of in vitro translation, ©, ‘C-labelled 
chicken histone standards. 
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Fig.3 Preparation of *’P-chicken histone cDNA. DNA complementary to 
the 7-11S RNA sequences was synthesised with reverse transcriptase using 
random primers’*. With 2 ng of RNA and **P-dATP of specific activity 
50 Cimmol™!, we routinely obtained a yield of 1.5 x 10’ d.p.m. in cDNA. 
This product in 2 x $S8C/0.5% SDS was hybridised to a vast excess of 18S 
and 28S rRNA at 60°C to Rt 1. Ribosomal cDNA sequences were 
separated from putative histone cDNA sequences by sucrose gradient 
centrifugation (10-40% sucrose gradients centrifuged at 200,000g, 16h at 
4 °C). Fractions of 0.5 ml were collected from the gradient and **P-radioac- 
tivity determined, The cDNA sedimenting at about 5S was pooled and used 
as a histone gene probe. @, PP c.p.m.; —, Agsg. 


on sucrose gradients (Fig. 3). About 30% of the cDNA sedi- 
mented with 18S and 28S rRNA, and the remaining 70% of the 
cDNA was present as a broad peak centred around 5S. 

It was possible to test directly whether the 5S cDNA 
contained histone gene sequences. In a ‘Southern’ transfer 
experiment (Fig. 4), the SS cDNA cross-hybridised to cloned sea 
urchin histone gene sequences (Echinus esculentus histone 
genes: A clone 55, K. Murray and K. Peden, unpublished 
observations). 

To test the proposal that this 5S cDNA contained pre- 
dominantly histone coding sequences, the **P-labelled cDNA 
was hybridised to total genome DNA from E. esculentus. 
EcoRI-digested sea urchin DNA was electrophoresed on 
agarose gels and transferred to nitrocellulose filters’? (Fig. 5). It 
is possible to detect two closely migrating fragments (about 6 
and 7 kilobases) which are identical in size to those detected by 
homologous E. esculentus histone gene probe. No other cross- 
hybridisation bands were detected when the chicken histone 
cDNA probe was used. (There are two separate size classes of 
histone gene repeats within the E. esculentus genome. A Clone 
55 contains the larger (7 kilobase) histone gene repeat unit (K. 
Murray: A clone 55, K. Murray and K. Peden, unpublished 
observations).) 

As discussed above, the most likely contaminants in the chick 
histone cDNA probe are ribosomal cDNA sequences. When 
cDNA probes from chicken rRNA were cross-hybridised to 
EcoRI-digested E. esculentus DNA (transferred to filters), the 
bands observed were readily distinguished from the charac- 
teristic 6 and 7 kilobase bands containing histone genes (Fig. 
Sc). 

Therefore, we have shown that the 7-118 RNA prepared 
from chick embryos and passaged through poly(U)—Sepharose, 
programmes the synthesis of histones alone in an in vitro trans- 
lation system. When cDNA is prepared from this RNA, and 
sequences complementary torRNA are removed, the remaining 
cDNA can be used to detect sea urchin histone gene sequences. 
We have used this probe to detect histone genes in chicken 
DNA. 


The reiteration frequency of 
chicken histone genes 
When chicken histone cDNA sequences were reannealed with 


genomal DNA from adult chickens, a single transition was 
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observed with a Coti; value of 10° (Fig. 6). This transition is 
distinct from that of unique sequences which have a Coti; value 
of 10°. These data show that histone genes are reiterated about 
10-fold in the adult genome. 

The rate of reannealing of histone genes is also quite distinct 
from that of ribosomal genes (Cof,,2 value of 10 Fig. 6), and the 
data show that the chicken histone cDNA contained negligible 
amounts of ribosomal sequences. 


Echinus histone 
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Fig.4 Identification of chicken histone cDNA sequences, using cloned sea 
urchin histone genes. DNA from A clone 55 (containing the 7-kilobase 
histone gene repeat from E. esculentus was digested with EcoRI or Belll. 
Samples of 0.5 ug were electrophoresed on 1% agarose gels (14 cm long, 
2mm thick, 1 cm lane width) at 60mA for 4h. DNA fragments were 
transferred to nitrocellulose '®, baked in a vacuum oven for 3 h at 80 °C, and 
soaked in Denhardt's solution’? in 2x SSC for 6h at 65°C. Filters were 
dipped in *’P-labelled chicken histone probe (prepared as described in Fig. 
3) in 2x SSC/0.5% SDS (10° d.p.m. per ug cDNA). Strips were overlaid 
with paraffin oil and hybridisation allowed to proceed for 16 h at 65 °C. After 
extensive washing in 2x SSC/0.5% SDS at 65°C, dry filters were put in 
contact with X-ray film for 2 days, and autoradiograms developed. The size 
of fragments were determined by reference to A markers (cleaved with 
Hindlll or EcoRJ) run in the same gel, and detected by ethidium bromide 
staining. a, EcoRI and Bell restriction sites within A clone 55. EcoRI 
excises the complete 7-kilobase histone gene insert and Bgl cleaves the 
insert into two fragments. The sizes shown for the fragments are approxi- 
mate. b, A clone 55 restriction fragments hybridised to chicken histone 
cDNA and detected by autoradiography. a, A clone 55 DNA restricted with 
Bell; b, A clone 55 DNA restricted with EcoRI; C, unrestricted A clone 55 
DNA. 


Restriction endonuclease analysis of 
chicken histone genes 


We have not been able to detect histone gene sequences in 
chicken DNA using a cloned sea urchin histone gene probe (K. 
Murray, K. Peden and J.R.E.W.). However, as shown in Fig. 5, 


the chicken cDNA probe can be used to detect EcoRI fragments 
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in sea urchin DNA of the expected size for the histone gene 
repeat. The reason for this apparent anomaly is probably related 
to gene numbers. Several hundred histone genes in sea urchin 
genomal DNA" could be detected by the chicken histone 
probe, but the 10 histone genes in the chicken genome were not 
detectable with the sea urchin probe. For all subsequent 
experiments involving restricted chicken DNA, we have used 
the homologous chicken probe. 

Adult genomal DNA was prepared from chicken red blood 
cells?” cleaved with the appropriate enzyme, and electro- 
phoresed on agarose gels. After transfer of the DNA to nitro- 
cellulose, the filters were impregnated with a solution containing 
*P-histone cDNA, and hybridisation was allowed to proceed at 
65 °C for 16 h. Specific sequences were detected by autoradio- 
graphy. Because of the sensitivity of the transfer procedure”®, 
reiterated sequences such as ribosomal genes (100-fold re- 
iterated in chicken, Fig. 6) are readily detected. We considered it 
necessary to determine the position of ribosomal gene fragments 
in endonuclease-restricted chicken DNA. In the event of trace 
contamination of histone cDNA with ribosomal cDNA 
sequences, ribosomal gene fragments could then be identified. 

Tracks b, d, f, h in Fig. 7 show the location of ribosomal gene 
sequences On the same nitrocellulose filter previously used to 
detect histone genes. To achieve this, the hybridised **P-histone 
cDNA was allowed to decay sufficiently before the ribosomal 
cDNA probe was hybridised. Direct comparison could thus be 
made between the size of fragments containing the two different 
sets of genes within one transfer. For each of the four restriction 
enzyme experiments, histone genes are in different sized frag- 
ments of DNA compared with ribosomal genes. 

Chicken histone cDNA was used to detect histone gene 
sequences in restriction endonuclease-cleaved chicken DNA. 
Fragments containing histone genes were detected in chicken 
DNA cleaved with BgilI, EcoRI, BamHI and Hindli (Fig. 7, 
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Fig. § Detection of 6- and 7-kilobase bands in sea urchin DNA, with 
chicken histone cDNA. Sea urchin DNA was digested to completion with 
EcoRI. Samples of 2 ug were electrophoresed on 1% agarose gels (30 cm 
long, 1 cm thick, 1 cm lane width) at 60 mA for 16h. Fragments containing 
sea urchin histone genes were detected as described in Fig. 4. a, Bands (about 
6 and 7 kilobases) detected with *’P-E. esculentus histone gene probe. b, 
Bands in sea urchin DNA detected with chicken histone cDNA; c, Bands in 
sea urchin DNA detected with cDNA made on 188 and 285 chicken rRNA 
templates, 
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tracks a,c,e and g, respectively in Fig. 7). One outstanding 
feature in tracks a, c and e is the presence of a fragment about 15 
kilobases long. We propose that this is the repeat length for the 
histone genes in the chicken genome. 

Histone fragments generated by HindIII are shown in Fig. 7g. 
The additive size of the three HindIII histone DNA fragments 
(13-14 kilobases) is marginally less than the 15-kilobase repeat 
length seen consistently with EcoRI, Bglll and BamHI. One 
possible explanation is that a fourth histone fragment (between 
1 and 2 kilobases long) is generated by HindIII cleavage. If the 
majority of this additional fragment was spacer DNA 
(sequences not represented in histone mRNAs), then the frag- 
ment would not be detected by the chicken histone gene probe. 


“, Hybridisation 





log Cot 


Fig. 6 Estimation of histone gene reiteration frequency in the chicken 
genome. Reassociation reactions of *H-labelled total chicken DNA (@) and 
of unlabelled genomal DNA in the presence of *?P-labelled histone cDNA 
(©) or ribosomal cDNA (W) were set up and samples taken as described by 
Kemp’, except that 0.18 M NaCl was used in the hybridisation buffer. The 
degree of reassociation was assayed using nuclease $4. At the highest Cos 
values, the maximum level of hybridisation was about 70% ; the data have 
been normalised to 100%. 


It is also apparent that both Bg and BamHI digests reveal 
sequence heterogeneity in the histone genes. We have seen this 
heterogeneity in DNA prepared from single animals. In the case 
of the BamHI histone gene pattern (Fig. 7e), two lower molecu- 
lar weight bands are visible in addition to the 15-kilobase 
fragment. These two smaller bands (about 11.5 and 4.5 kilo- 
bases, respectively) together approximate to the size of the 
15-kilobase repeat unit. They are not due to partial BamHI 
cleavage, as there was no change in the histone gene pattern 
following further enzymatic digestion. This evidence suggests 
that there are two classes of histone gene repeats with respect to 
BamHI cleavage sites; that is, one class contains one and the 
other class two restriction sites per histone gene repeat unit. 

Two classes of histone gene sequences are also detected when 
chicken DNA is cleaved with BglII (Fig. 7a). One class is 
cleaved once per repeat to generate a 15-kilobase fragment; the 
other class does not contain restriction sites for BglII, as the high 
molecular weight DNA containing histone gene sequences 
hardly enters the gel. This material was not susceptible to further 
digestion with Bgill. It is possible to separate the high molecular 
weight Belll histone gene fragment from the 15-kilobase Bgill 
fragment by sucrose gradient centrifugation (data not shown). 
As indicated in Fig. 8 (track c), digestion of this high molecular 
weight Bgill fragment with EcoRI gives rise to the unit histone 
gene repeat of 15 kilobases in the same way as does total chicken 
DNA when digested with EcoRI (Fig. 8a). 

It is evident that there is some heterogeneity in the histone 
genes, and further, that precise details of chicken histone gene 
organisation require cloned fragments. However, given that 
restriction enzyme patterns show (1) a 15-kilobase histone unit 
alone, (2) a higher molecular weight histone fragment which can 
generate a 15-kilobase histone unit, or (3) histone gene bands 
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Fig.7 Detection of histone genes in chicken DNA cleaved with restriction 


enzymes. DNA isolated from chicken erythrocytes”? was digested with ' 


restriction enzymes EcoRI, Bgill, BamHI or HindIII. After phenol extrac- 
tion and ethanol precipitation, the digested DNA (50 wg per track) was 
electrophoresed on 1% agarose gels, transferred to nitrocellulose and 


hybridised with 3*P-labelled chicken histone cDNA, prepared as described , 


in the legend to Fig. 3. After the histone fragments had been detected by 
autoradiography, the nitrocellulose strips were stored for 4 weeks to allow a 
significant level of decay of the **P-histone probe. The same nitrocellulose 
strips were then hybridised. with **P-labelled cDNA synthesised from 18S 
and 28S chicken ribosomal RNA templates. The size of the fragments was 
determined using HindIll-cleaved ADNA and Sail-cleaved ADNA elec- 
trophoresed in the same gel as a standard. Lanes, a,c,e and g were 
hybridised with chicken histone cDNA, and they contain chicken DNA 
digested with BgilI, EcoRI, BamHI and HindIII, respectively. Lanes b, d, f 
and h were hybridised with chicken 18S and 28S ribosomal cDNAs, and they 
contain chicken DNA, digested with ‘BgilI, EcoRI, BamHI and HindIII, 
respectively. 
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l Fig.8 Digestion of the high molecular weight BglII histone gene fragment 
with EcoRI. Chicken DNA was. digested to completion with BglII and 


centrifuged on 10-40% sucrose gradients in 0.01 M NaCl, 0.001 M EDTA, -. 
0.01 M Tris- Cl; pH 7.5, at 200,000g at 4 °C for 16 h ina Beckman ultracen»-' 


trifuge. The large BglII histone gene fragment was- separated from the 


15-kilobase Bgill fragment (Fig. 7a) on fractionation óf the gradient (data `’ , 


not shown). After EcoRI digestion of the DNA fraction containing the large 
- BglII histone gene fragment, the DNA was electrophoresed.on 1% agarose, ` 
- transferred to nitrocellulose and hybridised with °*P-chicken histone cDNA 


as described in the legend to ‘Fig. 4, a, Histone gene sequences in total .. 


i chicken DNA digested with EcoRI; b, large Bgill chicken histone gene 
' fragments fractionated by sucrose gradient centrifugation; c, Large Bgiil. 
‘histone gene fragment in chicken DNA fractionated by sucrose ene 

centrifugation and digested with EcoRI. 
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which add up to about 15 kilobases in size, we conclude that 
chicken histone genes are clustered and have a unit repeat length 
of 15 kilobases... i 
We believe this to be the first direct evidence for the histone 
gene repeat size in a higher eukaryote. It is not clear whether the 
15-kilobase repeat contains genes coding for each of the five 
classes of histone proteins. The only f histone gene repeats so far 
studied are those from sea urchin’ and Drosophila”, and in 


‘these organisms.at least, the histone repeat contains a complete 


set of histone genes. ; 
More specifically, we have shown previously that the H5 


genes (only expressed in erythroid cells) are reiterated 10-fold in 


the chicken genome”’, and we show here that other histone 
genes are reiterated to the same extent. It is not clear whether. 
H5 genes are contained within the 15-kilobase repeat. Never-_ 
theless, there seems to be at least four to five times more DNA 
per repeat than is required for coding. It will.be interesting to 
determine whether histone mRNAs are transcribed from one 
DNA strand (as in sea urchin?) or from both strands (as in 
Drosophila®). The report of.a 15-kilobase RNA species 
containing histone i ac in- HeLa cells” suggests the. 
former possibility. - 

If, 15 kilobases. is representative of higher eukaryote histone 
gene repeat size, then this is about 2.5-3 times the length of its 
counterpart in sea urchin DNA and Drosophila DNA. If the 
arrangement of coding sequences and | A/T-rich spacer 
sequences found in sea urchin histone genes‘ is similar in higher 
eukaryote histone genes, there would be a significant increase in 
length of ‘spacer’ DNA, as the length of coding regions for, 
histones will be almost identical in all species. Nevertheless, the 
length of spacer DNA in a cistron-cannot necessarily be equated 
with the evolutionary complexity of the organism. For example, 
the repeat length of ribosomal genes in Dictyostelium and mouse: 
is comparable (38. (ref. 23) and 44 (ref. 24) kilobases, respec- 
tively) and both of these are much larger than the 11-14- 
kilobase repeat in Xenopus”. Whether the extra DNA in higher 
eukaryote histone genes exists as intervening sequence DNA 
within coding regions or as elongated spacer regions between 
histone coding regions, remains to be determined. 

_ We thank Dr J. W. Beard and the office of Program Resources 

and Logistics, National Cancer Institute, for the purified AMV 
polymerase, R. Saint, K. Murray and K. Peden for their help, 
and K. Gross for details of clone 55 restriction sites before 
publication. 
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letters 


Production of new cosmological 
perturbations during 
the radiation-dominated era 


PURCELL (unpublished data) has noted the tendency for ‘dust’ 
particles strongly to cluster when they are coupled by viscous 
drag to a ‘gas’ whose velocity field is stochastic: 


d V duit 
dt 


where a (s~ *) is the viscous coupling constant. The application of 
the Purcell clustering effect to cosmology which is considered 
here generates relatively large isothermal perturbations from 
relatively small adiabatic perturbations which will not otherwise 
survive damping during recombination. 

The Purcell clustering effect seems at first to be paradoxical as 
one would expect a stochastic gas flow to randomise, rather than 
cluster, the positions of independent, non-interacting dust 
particles. The explanation is that the velocity field is not 
completely random but consists of disturbances that propagate 
at sound velocity. Therefore, on a given scale the gas velocity 
will be correlated for one sound travel time. In linear order in the 
gas velocity the dust particles always return to their original 
positions after the passage of an acoustic wave; in quadratic 
order, however, transport effects are present'*. The accelera- 


= O{ Vens(X, 1) — Vaus} (1) 
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tion in quadratic order on a given scale will go as V,,,//. In the 
low frequency limit, that is, for scales />c,a~', particles are 
strongly coupled (frozen in) to the gas. The particles will there- 
fore acquire a velocity relative to the gas of u ~ V;/al. The 
mean square clustering of particles due to this anomalous 
motion per sound travel time is ô% ~ (u/c,)*. The clustering of the 
particles at later times will not be correlated with the original 
clustering and will add randomly in the mean square sense. The 
growth of particle clustering with time will therefore be 


2 4 3 
(7), -Ca) a 
pry Cs la 
for !=c,a_'. On small scales /« c,a™', the particles will always 
be in the process of relaxing towards the velocity u given above. 
The typical response to the quadratic term will be (l1-—e°*’”)u 
where w is the frequency corresponding to the scale /. The 
anomalous motion of the particles relative to the gas will there- 


fore be V? (a/lw*). In the same manner we may see that in the 
high frequency limit the particle clustering is given by 


5p\"  / Veas\* 
De oe © 
pP’i Cs wW 
We will give a detailed analytic derivation of the above equa- 
tions elsewhere. Without considering the above physical picture 


the ensemble-average mean square increase of clustering can be 
computed using time from a formal expansion of equation (1) 


Fig. 1 Space-time diagram showing the aggre- 
gation of particles by a random acoustic field. 
First order motion, which integrates to zero over 
time, has been removed from the picture. Gaus- 
sian acoustic white noise propagates both 
leftwards and rightwards at velocity dx/dt = 1. 
The viscous coupling time of particles to the gas is 
a '=2 t-units, so clustering is primarily on a 
scale of about 2 x-units. In the period shown, 
about 40 uncorrelated small consolidations add 
in the mean-square sense to give a density 
perturbation of order unity. 
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Fig.2 Results from many runs as in Fig. 1. The squared clustering 
measure (dp/ pY evaluated at a spatial scale of 2 x-units is shown 
plotted against time. Narrow lines are 10 individual runs; the heavy 
line is the mean of 30 further runs. For (8p/pY < 0.3, squared 
clustering varies linearly with time, as predicted by the analytic 
theory, For larger (ép/ py deviations from linear growth become 
visible, due to numerical brownian motion on the differencing 
scale. 


and the equation of continuity. Here we summarise the results of 
numerical experiments which corroborate the analytic deriva- 
tions, and with an immediate application to cosmology. 

An example of a numerical experiment in one dimension is 
shown in Fig. 1, where 128 particles are shown clumping to 
order unity density contrast on a scale containing about 25 
particles. In this experiment density contrast was measured at 
the scale where w~a. (Only the scale, not the number of 
particles shown, is relevant: 12,800 particles in the same hydro- 
dynamic velocity field would have clustered on scales containing 
2500 particles.) 

Figure 2 shows 5p/p as a function of time for 10 runs which 
differ only in having different random sequences of sound waves. 
Also shown is the mean of 30 additional runs. The secular nature 
of the clustering effect is evident. In equation (2), the value of the 
coefficient taken from the experiments agrees with the value 
computed analytically to within 20%. In three dimensions, 
equation (2) also holds, with a somewhat different numerical 
coefficient. The coefficient is weakly dependent on the slope of 
the power spectrum of the adiabatic perturbations. 

We now consider the application of the Purcell clustering 
effect to cosmology, namely its ability to generate relatively 
large isothermal perturbations (which can make globular clus- 
ters and perhaps galaxies in the post-recombination era) from 
relatively small adiabatic perturbations which will not otherwise 
survive damping during recombination. Purcell clustering is able 
to generate these perturbations on scales much smaller than the 
Jeans mass, during the radiation dominated era (z > 10°) when, 
according to current views, matter and radiation are tightly 
coupled. 

Weinberg’ and others have recently pointed out that baryon 
non-conserving reactions at high energies (a consequence of the 
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charge-conjugation parity (CP) violation in super-unified 
theories) will ‘cook’ the early Universe to a unique value of 
entropy per baryon, one which in particular cannot vary from 
point to point spatially. Therefore late-time processes like 
Purcell clustering (or shock dissipation, see below) may well be 
the only way to introduce isothermal (entropy) perturbations 
into a cosmology. 

In our cosmological application, the dust particles of Purcell 
clustering are individual protons and helium nuclei of the pre- 
recombination, radiation dominated, Friedmann cosmology; 
the dominant component of the gas is photons; the ionised 
plasma (dynamically insignificant) supplies the necessary scat- 
tering opacity to render the mean free path of photons much 
shorter than any other scale of interest. However, the finite 
mean free path of the photons will cause acoustic waves to damp 
long before the time when k = ac," [ref. 4]. 

The baryons are viscously coupled to the photon gas primarily 
by radiation drag on their attendant electrons’, with 

do rá T? 
Ga stale 

3 mec 


z 4 
=3.1x10™ (Žž) 4 
1300 4) 
where oy is the Thompson cross section, mp the proton mass, 
and z is the redshift of the epoch considered. The temperature 
now is taken to be 3 K. The Hubble time 4, as a function of z, 
when the Universe was photon-radiation dominated’, is 


8 ee 1300\2 
Regie =(= Gp) = 3.0x 10" s(=—) (5) 
a 
So, 
at, = 940(z/1300) (6) 


The sound speed in the radiation dominated era is c, = c/3’’”, so 
the characteristic baryon rest mass contained in a volume of 
characteristic size c,/a@ is 
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If we substitute equations (7) and (6) into equation (2) we obtain 


e ® 


iso 








where we have taken a coefficient of 10 in equation (2) from 
more exact calculations. Equation (8) is valid only for M > Me 
the damping scale at recombination. We note that 
M. = 9.8 x 10!?7[(Q,/0.1)(H{o/60)"7]'*Mo [ref. 7]. For M < M. 
the waves driving the clustering are damped before recom- 
bination. As (M/M.) = (t/t) ^ gives the damping time for mass 
scales <M, we get 


2 $/18 34 7/6 
(7) ~2(™) an) Usaleo)] A 
P 7 iso p / aa\Mp 0.1/\60/ . 
Equations (8) and (9) say, roughly, that 10% adiabatic pertur- 
bations will generate 1% isothermal perturbations anywhere in 
the mass range 10°-10'? Mo. 

In the ‘pancake’ theory of galaxy formation as originally 
proposed by Zel’dovich, Sunyaev et al."""', the density contrast 
before recombination is the same at all scales with a value 
between 10°? and 107*. In this case Purcell clustering is 
insignificant. However, calculations by Silk'* and by Peebles and 
Uy'* seem to show that a considerably larger density contrast on 
the scale of the pancakes is necessary to produce galaxies, say 
107°. As limits of <107° on the large-scale inhomogeneity can 
be set from the microwave background”, it seems likely that a 
viable perturbation spectrum must have ôp/p increasing 
towards smaller masses and reaching the 10% level well within 
the mass range where Purcell clustering becomes important. In 
that case the condensation of sub-galactic units renders the 
subsequent collapse of the pancake stellar dynamical rather than 
hydrodynamical. The formation of dense, cold sheets needed for 
fragmentation into galaxies is impossible, and the whole 
pancake hypothesis must be reexamined. 
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The Purcell clustering process is physically distinct from 
another process which can generate entropy fluctuations, 
namely the dissipation of shock waves that are formed by wave 
steepening, and wave-—wave interactions. For 10% adiabatic 
fluctuations described above, the Purcell clustering seems to 
dominate for two reasons: first incoherent acoustical dis- 
turbances steepen much more slowly than plane waves”, and 
second shock dissipation goes as the cube of shock strength, so 
weak (10%) shocks are not very dissipative. 
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Evidence for X-ray emission 
from Kepler’s supernova remnant 


THE remnant of Kepler's supernova of 1604 AD has long eluded 
detection at X-ray wavelengths, principally because of its prox- 
imity to a source confused region in the direction of the galactic 
centre. We present here the first evidence for weak soft X-ray 
emission from Kepler’s remnant, which was beyond the capabil- 
ity of earlier X-ray surveys’ but is now possible because of the 
increased sensitivity provided by the low energy detectors 
(LEDs) of the A 2 experiment on the HEAO 1 spacecraft. (The 
A 2 experiment on HEAO 1 is a collaborative effort led by E. 
Boldt of GSFC and G. Garmire of CIT, with collaborators at 
GSFC, CIT, JPL, and UCB). The LEDs are described in detail 
by Rothschild et al.’ Briefly, the data reported here were 
acquired using the LED1 narrow field of view (1.5° FWHM in 
the scan direction) which has an effective area of 175 cm’ and is 
sensitive to X-rays between 0.2 and 3 keV. 

The region of sky containing Kepler’s remnant was scanned 
by LED1 between 11 and 16 March 1978, and Fig. 1 shows the 
results of superposing five scans during this time interval. The 
count-rate data are complex owing to the concentration of X-ray 
sources in the direction of the galactic centre. However, a new 
soft source, denoted H1735—21, is evident in the data as a 
count-rate peak centred at a scan angle of 178.2°. This is just 
resolved from the GX9+9 region. The solid line in Fig. 1 
indicates a least-squares fit of the LED1 angular response 
function to the data bounded by the sources GX9+9 and 
GX3 +1. The 90% confidence error box derived from this fit is 
depicted in Fig. 2, together with the positions of all known 
nearby X-ray sources. Incorrect modelling of the background 
could introduce small systematic error (~0.1°) in position of 
narrow direction of the error box. Kepler’s remnant lies within 
our error box, and is therefore proposed as the probable 
identification. We have checked other classes of object which 
could produce soft X-ray emission, but no other compelling 
counterparts were found within the error box. The Uhuru source 
4U1730—22 (ref. 3), which lies at the edge of the 90% 
confidence error box, is an unlikely identification because it is 
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Fig. 1 A superposition of five scans of HEAO A-2 LED data 

(0.3-3.0 keV). A typical error bar around the region of interest is 

shown. The solid curve represents the best fit to the triangular 

response of our detectors to H1735 — 21 plus the local background. 

GX9 +9 (angle = ~174) and GX3+1 (angle = ~ 183) constrained 
the use of background data. 


known to be a transient*. The spectrum of transients are hard 
near maximum intensity. The absence of H1735 — 21 in medium 
and high energy detectors (S. Pravdo, personal communication) 
precludes it being the transient detected during an ‘on-state’. 
Our data are consistent with the source being constant during 
the period of observation. However, because the source is just at 
our level of detectability, we are insensitive to decreases in 
intensity. 

The distance to Kepler’s remnant remains uncertain. Because 
it lies in the direction of the galactic centre the application of 
normal distance measuring techniques (for example, neutral 
hydrogen absorption observations) is impossible. A position 
within the nuclear bulge, with distance of about 10 kpc, has been 
invoked to help explain the comparatively large angular dis- 
placement from the galactic plane. The historically inferred 
apparent magnitude of —3, and its classification as Type I (ref. 
5), suggest a distance of between 3.5 and 6 kpc, assuming an 
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Fig.2 A map of the region shows the derived HEAO A-2 90% 

confidence error box. The position of Kepler’s SNR as well as all 

known nearby X-ray sources is shown. Note the position of 
4U1730 — 22 is at the edge of the box. 
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absolute magnitude for a Type I supernova of —19 and visual 
absorption in the range 0.5 to 1 mag kpe '. Recent unpublished 
observations of the reddening of the optical remnant of Kepler’s 
supernova (I. J. Danziger, personal communication) suggest a 
distance of ~4 kpc. 

The intensity derived for H1735—21 is (6.3+1.5)x 10 
counts cm™*s ' between 0.3 and 3.0 keV, corresponding to a 
flux of (2.4+0.6)x10°'°ergcm™*s"', assuming a power law 
spectrum with a photon index of —2.0 and a column density of 
10° H-atoms cm™’. (The count flux as well as the energy flux 
could be uncertain by a factor of 2 due to uncertainties in 
background subtraction and incident spectrum.) The assumed 
hydrogen column density, probably appropriate for Kepler's 
remnant regardless of distance uncertainty, gives an intrinsic 
X-ray luminosity in the energy range 0.3-3 keV of ~180x 
10° ergs™' for a distance of 10kpc, reducing to ~28x 
10°° ergs ' for a distance of 4 kpc. The former value is greater 
than for any other known young supernova remnant, including 
the Crab Nebula, and must cast further doubt on Kepler’s 
remnant lying at the galactic centre distance. The latter value is 
more acceptable, being comparable with that of other young 
supernova remnants such as that for Tycho’s SNR and Cas A. 

On the near side of the Galaxy, six supernovae recorded in 
historical times have been identified with remnants*—those of 
185 AD (remnant RCW 86), 1006 AD (PKS 1459-41), 1054 AD 
(the Crab Nebula), 1181 AD (3C 58), 1572 AD (Tycho) and 
1604 AD (Kepler). The objects Cas A, RCW 103 (ref. 6), and 
MSH 11-54 (refs 7, 8) are also believed to be the remnants of 
supernovae which have occurred within the past two millennia 
but were not recorded historically. All the above mentioned 
objects have previously been detected in X-rays with the excep- 
tion of Kepler’s remnant. For this reason, it has long been 
classified as a highly likely X-ray source”’'”, although problems 
of confusion and sensitivity have thwarted previous attempts at 
detection. HEAO 2 will now allow the detection reported here 
to be confirmed, the source to be imaged, and its spectrum to be 
more accurately determined. 

We thank G. Riegler, P. Agrawal, E. Boldt and the GSFC 
group for their contributions towards the development of the 
LED detectors. This work was supported by NASA contract 
NAS 5-23315. 
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A peculiar galaxy system in Hydra 


IN the course of scanning the Palomar Sky Survey, I noticed 
what appeared to be a large and a small eliptical galaxy inter- 
connected by a long straight bridge which could have been a 
radial jet from the larger galaxy. Furthermore a comparison 
between red and blue prints showed the smaller galaxy to be 
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Fig.1 The cluster of galaxies containing the peculiar system (from 
the blue print of the Palomar Sky Survey). Identifications of 
galaxies are as follows: the peculiar system (galaxy 1=MCG 
-1-22-6 = F-272; galaxy 2 = F-271; galaxy 3 = MCG -1-22-7 =F- 
273). Galaxy 4=NGC2583=MCG -1-22-8; galaxy 5=MCG 
-1-22-9; galaxy 6 = MCG -1-22-10. The optical identification of 
the radio source PKS0820 — 047 is also indicated. (Reproduced 
with permission from the National Geographic Palomar Obser- 
vatory Sky Survey.) 


extremely blue, and thus highly unusual. Detailed enlargement 
of the images suggest that the larger galaxy may possess chaotic 
filaments akin to those in M82 or NGC1275. The spectroscopic 
observations described here show that, as expected, the two 
galaxies have strong narrow emission lines, but also that a third 
neighbouring galaxy is involved. 

The system concerned appears as part of a medium-poor 
cluster of galaxies at 1950: 8h 20. 7 min, -4°50' in the constel- 
lation of Hydra (see Fig. 1). The two larger members of the 
peculiar system are recorded in Voronstoy-Velyaminov’s 
Morphological Catalogue of Galaxies' (MCG) although the 
system is apparently not included in his Arlas of Interacting 
Galaxies’. (The designations F-271, F-272 and F-273 refer to 
the selection of these objects for my current survey of ‘compact 
and bright-nucleus galaxies.) 

Figure 2 shows further enlargements of the peculiar system. 
These plates are made from a different copy of the Palomar Sky 
Survey from that on which the pair of ellipticals were originally 
noticed and the straight bridge between those galaxies (galaxies 
1 and 2) is, in this case, not as conspicuous as it appeared on the 
red print of the first copy. This seems to be why Vorontsov- 
Velyaminov’ did not pick it up; had he done so it would have 
made an extreme example of his ‘bottle form’ category. 

The extreme blue colour of galaxy 2 is readily apparent by 
comparing its images in Fig. 2a and b; similarly, the red 
filaments of galaxy 1 (the appearance of the outer parts of the 
galaxy is slightly affected by the mottled sky background of the 
paper print). Galaxy 3 seems to possess bluish outer regions and 
condensations. 

Spectroscopy was carried out in 1978 November/December 
with the image tube spectrograph on the 1.9m Radcliffe 
Reflector at the South African Astronomical Observatory. 
Unwidened spectra at 210 Å mm™ covering 3,700-7,000 A 
with a strong peak in the blue were obtained (and reduced in the 
same manner as described elsewhere’). The spectrum of galaxy 
1 shows strong [O 111]5007 +4959 as well as narrow H£; the 
emission region seems more extensive than the central core of 
the galaxy (it could be filaments). The uncorrected redshift is 
found to be z = 0.0218 (probable error 0.0005). The spectrum 
of galaxy 2 reveals strong narrow lines of [O 11]3727, HB, [O 
111]5007+4959 and Ha, with z=0.0230. Unexpectedly, 
galaxy 3 also turned out to have emission lines though they are 
weaker; it has narrow [O 11]3727, HB and [O 111]5007 +4959 
with z = 0.0226. NGC2583 (galaxy 4) seems to have a con- 
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ventional absorption spectrum with z= 0.0197 (based on the 
G-band and H and K lines, with a slight uncertainty in 
identification). Galaxies 5 and 6 proved to be of low surface 
brightness and identification of features in their spectra proved 
very difficult; both-may have very weak H8 emission (as might 
be expected for such late type spirals) with z = 0.0240. (As all six 
galaxies are relatively faint, the spectrograms show appreciable 
sky contamination. Thus the overall quality does not permit 
quantitative measurements of line strengths and so on). 

The strong narrow emission lines of galaxies 1, 2 and 3 
indicate abnormal nebular emission—as is not uncommon in 
interacting systems (such as, nos 44-45-46, 156-157, 199, 204 
and 210 in my current survey’). The astrophysical interpretation 
of such is usually controversial. In this case it looks as though 
galaxy 2 has either been ejected from galaxy 1, or at least has 
passed through it. If the latter is the case, the tidal turmoil has 
evoked a sudden wave of star formation providing the excitation 
mechanism for the nebular emission. But are the red filaments of 
galaxy 1 merely tidal in origin, and how does galaxy 3 fit into 
such a picture? The alternative would be in line with ideas 
favoured by Arp*—that galaxy 1 is some sort of active galaxy 
and galaxy 2 has somehow been thrown out from it—red 





Fig. 2 Enlargements of the peculiar system from the red (a) and 
blue (b) prints of the Palomar Sky Survey; on a different copy of the 
survey galaxies 1 and 2 appeared interconnected by a straight red 
bridge—-see text: IB, position of interconnecting bridge; RF, red - 
filaments; R, particularly red stars; B, particularly blue stars. The 


scale is based on H=5O0kms* Mpc’. (Reproduced with 
permission from the National Geographic Palomar Observatory . 
Sky Survey). 
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filaments would support ejective or explosive processes. The 
notion of an exploding galaxy immediately brings to mind M82 
and one may question whether this is really an explosion or are 
the active trio merely a manifestation of galaxies drifting 
through dust’? None of these explanations seem satisfactory and 
further speculation should probably await the photography and 
spectroscopy of this system by larger telescopes. l . 

Figure 2 also indicates some particularly red and blue stars; it 
is a little unusual that they should appear to lie so close to the 
galaxies but there is nothing to suggest that they are not fore- 
ground stars. Likewise the radio source PKS0820-047 °( = OJ- 
033 =4C-4.26) identified with an, 18th magnitude starlike 
object lies close enough to appear in Fig. 1. 

I am grateful for the hospitatility at the A. J. Dyer Obser- 
vatory of Vanderbilt University, Nashville, Tennessee (where 
this object was originally noticed in early 1977) and to the 
director of the South African Astronomical Observatory for 
observing time. 
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A measurement 
of the Rydberg constant 


THE Rydberg constant is of key importance in spectroscopy 
and, because it may be expressed as the product of several 
fundamental physical constants, it also plays an important part 
as an auxiliary constant in the evaluation of the fundamental 
constants of physics’. We report here a value of the Rydberg 
constant that is derived from the measurement of three of the 
fine-structure components of the hydrogen Balmer-apha line by 


, the saturable absorption technique’. The earlier measurements 


of the Rydberg constant by conventional spectroscopy and by 
the laser saturation absorption spectroscopy technique have 
been reviewed by Series*. 

A c.w. tunable dye-laser (CR-599), pumped by the 514 nm 
line of an argon-ion laser (SP-170), was used as the source of 
monochromatic radiation. The dye-laser beam was split into 
counter-propagating saturating (~10 mW) and probe beams 
(~4% of the saturating power), about 2 mm in diameter, these 
crossed at a small angle, about 1 mrad, at the centre of a Wood's’ 
discharge tube which contained hydrogen gas and residual water 
vapour. The central portion of the tube was 20 mm in diameter 
and 250 mm long. The voltage gradient, for a discharge current 
of 30 mA, at a hydrogen pressure of about 6 Pa (0.05 torr) was 
0.5 Vmm™. The dye-laser was adjusted to operate at the 
Balmer-alpha wavelength by making rapid measurements witha 
digital wavemeter’. The wavelength of the radiation was 
measured with a plane Fabry-Perot interferometer’, whose 
plates were silvered to give a finesse of about 35. The length of 
the etalon was about 97.2 mm and was stabilised to be an 
integral number of half-wavelengths of the radiation from a 
helium-neon laser which was locked to one of the fine-structure 
components of **’J. The wavelengths of these components are 
accurately known in terms of the "Kr definition of the metre. 
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Table 1 Values obtained for the reciprocal wavelengths of the fine- 


structure components and the random, systematic and total uncertain- 


ties in the last digit quoted 


NT 


. No. of 
Fine-structure Wavenumber Uncertainties (s.d.) obser- 
component (m~*) i Random Systematic Total vations 
2P3/2-3Ds/2_ 1,523,307.0507 30 104 ` 108 39' 
2S1/2-3P3/2. 1,523,336.5129 61* 135 148 13 
2P1/2-3D3/2 1,523,340.0281  65* 130 ' 145 i 

* These random errors are correlated 

Signals from a confocal Fabry-Perot interferometer 


(125 MHzfsr) and ‘the plane Fabry-Perot interferometer, 
together with the saturated absorption signal, were digitised and 
recorded. A computer was used to fit fringe intensity curves to 


the etalon signals, and. also to fit combined lorentzian and ` 


gaussian distributions to the saturated absorption signal. Cor- 


rections were made to the measured wavelengths in order to: 
allow for the phase-shift at the etalon mirrors® (—2.6 p.p.b., that 


is —2.6 parts in 10°), Stark shifts’ (4.6 p.p.b., —3.3 p.p.b., and 
1.3 p.p.b.), a correction for a possible pressure shift (4.4 p.p.b.) 
and for the unresolved cross-over signals? (—4.2 p.p.b., 
-8.4 p.p.b. and —13.8 p.p.b.), where the corrections for the 
three components have (where different) been given in the same 
order as in Table 1. The results were investigated for -possible 
systematic dependence on the discharge conditions and laser 
power and, although no significant effects were found, an 
allowance was made for possible dependence on these 
parameters in making the systematic error assignments. The 
width and the asymmetry (which averaged to zero) of the 
resonances were also studied”. 


a 


Table 2 Values obtained for the Rydberg constant since 1969 ` ` 


in I I 


Standard 
Rydberg deviation 
constant less uncertainty . 
7 -10,973,730m7' = (107? m™”) 
Taylor et al. (1969) — l 
(review value) i 1.20. ' 1,100 
Masui (1971) = > > - 1.88 : 800 
Kessler (1973) å z í 2.08 . . 850 
Kibble et al. (1973) . > 2.60;0. 800 
Hansch et al. (1974) e e ASS aari 100 . 
Goldsmith et al. (1978) 1.476 32 
Present work 1.513 . 85 


Se 


The values obtained for the wavenumbers of the three fine- 


structure components studied are given in Table 1, together with ' 


the random and systematic uncertainties (expressed as standard 
deviations) of the last digit quoted. These three values were 
ratioed with those calculated by Erickson (ref. 10 and personal 
communication) and then combined with his assumed Rydberg 
value to give a weighted mean value of 10,973,731.513(85) m`} 
for the’ Rydberg constant; our three Rydberg values agreed to 
0.003 p.p.m. The standard deviation uncertainty assigned to our 


Rydberg measurement consists of the random uncertainty of the | 
mean of 0.0021 m7’ (55 independent results) which has been, 


combined with the root sum square of the systematic uncertain- 
ties, expressed as a standard deviation, of 0.0082 m™*. Our 
result is in excellent agreement with other measurements of the 
Rydberg constant that havé been made during the past 10 


years®!!"'5, (see Table 2 and ref. 4), particularly the saturable 


absorption measurement of Hansch et al:* and the laser polaris- 

ation spectroscopy measurement of Goldsmith et al.. 
We thank R. E.. Shawyer for assistance with the computer 

analysis of the data, and W. R. C. Rowley and A. J. Wallard for 
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Optical anisotropy of carbon fibres 


TECHNIQUES based on the interference of polarised light have 
been used to investigate double refraction in transparent 
materials due to'the structural anisotropy of crystalline solids 
and strain birefringence in amorphous solids’. Forrest and 
Marsh have discussed’? reflection methods and have used them 
to examine the anisotropy of the opaque solids carbons and 
cokes. As graphite is a uniaxial crystal with an optical c-axis 
perpendicular to the layer planes, polarised light incident on the 
layer-planes is not affected so that a polished section with this 
orientation appears isotropic. However, polarised light reflected 
by the prismatic faces is rotated and a polished section in this 
orientation shows optical anisotropy. By inserting a one 
wavelength retarder plate at 45° in front of the analyser of a 
polarising reflection-microscope with crossed polariser and 
analyser, interference colours are produced from which the 
orientation of the surface crystallites can be determined. 

Polished cross-sections of carbon fibres made from meso- 
phase pitch and examined in polarised light have a narrow 
‘Maltese-Cross’ pattern with interference colours, deep yellow 
and blue, in alternate quadrants. By using pyrolytic graphite as a 
reference material, it can be inferred from the colours that the 
layer planes are arranged radially in the cross-section. Thin 
cross-sections which were cut and examined in a transmission 
electron microscope have confirmed this structure. 

High modulus carbon fibres made by the RAE process’ from 
textile PAN fibres (a polyacrylonitrile copolymer) also show a 
‘Maltese-Cross’ but the pattern and the interference colours 
depend on the diameter of the PAN precursor fibre and the 
conditions uséd to convert it to a carbon fibre. The PAN fibres 
are first oxidised* under tension at temperatures in the range 
200-300 °C. At the lower temperature, about 200 °C, the rate of 
chemical reaction is slow and the rate of diffusion is sufficiently 
fast to prevent a significant oxygen gradient. At highér 
temperatures, =220 °C, the reaction rate increases so that the 
oxidation becomes diffusion controlled and if oxidation | is 
incomplete there is” a core with little oxidation surrounded by a 
more oxidised sheath. Longitudinal section (Fig. 1a) of a carbon 
fibre made after incomplete oxidation shows two zones and 
cross-sections (Fig. 1b) show two concentric interference’figures 
separated by a dark (isotropic) ring, and having a centre which is 
also isotropic. From the interference colours these patterns have 
usually been interpreted’ as an inner zone of radially orientated 
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Fig. 1 Polished sections of carbon fibres made from 3 denier 

polyacrylonitrile copolymer fibre by heating in air for 6 h at 220 °C, 

then carbonising and heating to 2,500 °C. Polariser and analyser 
crossed, a, Longitudinal section; b, cross-section. 


layer-planes surrounded by an outer zone of layer-planes with 
circumferential orientation. Extensive oxidative etching in a 
plasma is said® to support this interpretation. 

But no mechanism for the formation of the radial—circum- 
ferential structure has been proposed; and investigations using 
electron microscopy have provided positive evidence that layer- 
plane orientations in cross-sections of carbon fibres are random. 
Thus longitudinal sections cut from carbon fibres, made as 
described above and which in the optical microscope appeared 
to have a sheath and core, have always appeared uniform in the 
electron microscope; although selected area diffraction and 
(002) dark field images (Fig. 2a) showed that layer planes of the 
crystallites were parallel to the fibre axis, there was no preferred 
distribution between the two zones’. Moreover, tilting the spe- 
cimen produced no overall change; radial—circumferential 
structures would have had pronounced effects. Transverse 
sections, ~50 nm thick, have recently confirmed that there was 
no preferred orientation of the layer planes in the fibre cross- 
section. Figure 2b shows that there were no obvious differences 
between the phase-contrast lattice-fringe images obtained from 
the core and sheath regions, and the continuous rings of the 
selected area diffraction pattern show that the orientations were 
random. 

This raises the possibility that the optical anisotropy seen in 
the carbon fibres was caused not by structural anisotropy but by 
strain birefringence, and several recent observations support 
this. 
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First, optical activity and interference colours have been seen 
in reflected polarised light from the glassy carbon matrix in 
which carbon fibres had been embedded (see Fig. 3a); the glassy 
carbon was made from furfuryl alcohol resin carbonised to 
1,000 °C only, a temperature at which stress graphitisation could 
not have occurred”, (Similar optical activity has been observed 
at the stressed interfaces formed when pieces of furfuryl alcohol 
resin-carbonised to 450 °C were coated with further resin and 
then carbonised at 1,000 °C.) 

Second, cutting thin cross-sections of the carbon fibres caused 
knife damage; the shattered appearance (Fig. 34) suggests 
differential residual stresses in the outer and inner zones. 

Third, etching with argon ions for short erosion times, 
<60 min, caused similar amounts of erosion in the sheath and 
core and no features were seen to indicate any differences in 
structure even at magnifications of 20,000. Figure 4a, b shows 
both transverse and longitudinal sections, in which the lower 
erosion rate of the material between the sheath and core may 
have been due to its being unstressed. 

It is, therefore, suggested that the patterns in both the glassy 
carbon matrix and in the carbon fibres themselves are caused by 
strain birefringence. Furfury! alcohol resin is thermosetting and 
shrinks by about 20% when heated to 1,000 °C; it forms a rigid 
cross-linked structure with no plastic flow'' when it is carbo- 
nised. This shrinkage will cause a circumferential tensile stress in 
the matrix around a fibre. Also, it is thought that a radial oxygen 
gradient in incompletely oxidised PAN fibres may induce inter- 
nal strains in the resulting carbon fibres. The carbon yield’? from 
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Fig. 2 a, (002) Dark field electron micrograph of a thin longi- 
tudinal section. 6, Electron diffraction and lattice-fringe images of 
a thin cross-section. 
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Fig. 3 a, Polished cross-sections of carbon fibres in glassy 
carbon. Polariser and analyser crossed. b, A thin cross-section of 
a carbon fibre. 


oxidised PAN fibres is about 50%, and that from unoxidised 
fibres about 30%; thus any differences in oxygen content will 
lead to density differences and probably also to differences in the 
transverse Young’s modulus (the dependence of longitudinal 
Young’s modulus on oxygen content is well established)*. When 
a partially oxidised PAN fibre is carbonised there will be a 
greater carbon yield in the oxygen-rich sheath than in the core. 
As the fibres do not melt or flow, as they are carbonised, the core 
will be restrained from shrinking by the more densely packed 
sheath so that a radial tensile stress will develop in the core with 
a corresponding circumferential compressive stress in the 
sheath. The region between the sheath and core is not stressed 
and seems optically isotropic. 

The strain field of a carbon fibre embedded in a glassy carbon 
matrix (as in Fig. 3a) has cylindrical symmetry; hydrostatic 
stresses around and within each fibre lead to the shear strains 
shown in Fig. 4c. 

It is suggested that the presence of a ‘Maltese-Cross’ pattern 
in the core of a fibre will depend on a non-uniformity of Young’s 
modulus of the core carbon. If the Young’s modulus were 
constant, the hydrostatic tensile stresses would deform the core 
evenly; each square of a grid in the core of Fig. 4c would be 
enlarged without distortion and the core would appear optically 
isotropic in the polarising microscope. But, if there had been an 
oxygen gradient then the transverse Young’s modulus of the 
core carbon would decrease towards the centre of the fibre, the 
deformation of the core would be non-uniform and the maxi- 
mum elongation would be circumferential giving the observed 
optical anisotropy, the pattern of the core having the same 
interference colours as that of the glassy carbon matrix; the 
distortion towards the centre of each fibre is too small to have an 
effect and it appears optically isotropic. This model also explains 
why the ‘Maltese-Cross’ pattern is less evident in micrographs of 


Nature Vol. 279 10 May 1979 
carbon fibres made from well-oxidised PAN fibres as it is not 
seen when the oxidation kinetics do not lead to a significant 
oxygen gradient. 

Transmission electron microscopy of thin transverse sections 
of carbon fibres made from PAN has shown that the structure is 
random; it is suggested that the observed optical anisotropy 1s 
due to stress in the fibres caused by differential shrinkage 
between the sheath and core. The optical anisotropy of carbon 
fibres made from different PAN precursor fibres often differs 
from a ‘Maltese-Cross’ and thin-sections of these are being 
examined. 
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Fig. 4 Polished sections of carbon fibres in glassy carbon argon 

ion etched; a, cross-section fibre diameter 11.8 pm, etched 30 min; 

b, longitudinal section fibre diameter 10 um, etched 60 min; c, a 

quadrant of the distortion in and around a carbon fibre embedded 
in a glassy carbon matrix. 
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Evidence for a widespread 
late Pleistocene 
humid period in the Kalahari 


THE nature and extent of late Quaternary environmental 
changes in the interior of southern Africa are obscure, in part 
because of a lack of absolutely dated sediments, and landforms 
of clear palaeoenvironmental significance. Here I present evi- 
dence to show that, during the period 17,000-15,000 BP, the 
Kalahari, now a semi-arid area with little or no surface drainage, 
was a region of widely distributed small lakes, as a result of a 
substantial increase in rainfall. 

A belt of pans (small dry or ephemeral lakes) with areas 
between 0.3 and 7 km’ extends along the main Kalahari water- 
shed, between latitudes 23-26 °S (Fig. 1). The pans are situated 
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Table 1 '*C dates for Urwi pan stromatolites 





Pta 2212 15,790+110 BP 
Pta 2213 15,610+125 Bp 
Pta 2146 16,000 + 160 BP 
Pta 2150 16,255 + 700 Be 





in small, shallow, isolated enclosed depressions floored by cal- 
careous and saline clays and sandy clays, laid down in shallow 
lacustrine conditions. Crescentic dunes on the southern margins 
of the pans indicate a deflation origin for the depressions’. The 
pans thus represent a microcosm of late Quaternary environ- 
mental change in the region, with deflation in arid or sub-arid 
conditions alternating with humid lacustrine conditions. 

'*C dates (Table 1) obtained from stromatolites recovered 
from a site 1~1.5 m above the present level of Urwi pan (Fig. 2) 
indicate that shallow lacustrine conditions prevailed in the pans 
17,000-15,000 yr ago. The stromatolites are of spheroidal 
morphology, indicating their formation in permanent, wave 
agitated waters’. Changes in their internal structure suggest 
increased wave action during the period of their formation. The 
stratigraphic position of the stromatolites (Fig. 2) indicates that 
they pre-date the last phase of aeolian activity at the pans, and 
probably represent the final stages of full lacustrine conditions. 
Complementary sedimentary evidence’ suggests that per- 
manent alkaline lakes 2~3 times the present area of the pans 
were succeeded by increasingly arid conditions, in which saline 
clays were deposited in rapidly contracting seasonal or-ephe- 
meral lakes, on the margins of which a sandy wash was laid 
down. Subsequent deflation of the sandy deposits resulted in the 
formation of the inner dunes. 

Today, mean annual rainfall in the area totals 300-400 mm, 
with pan evaporation exceeding 3,000 mm. It is thus not 
surprising that water bodies are ephemeral and runoff from the 
permeable surface sands negligible (<2 mm per yr). The exis- 
tence of permanent lakes covering areas 2-3 times the area of 


30° 35° 
15° 


20° 


. Makgadikgac 


Fig. 1 Southern Africa, 

showing location of pans, 

and sites mentioned in 
text. 


25 


Alexanderst antein 


an 


30 


15° 20° 25 


30 


Jpnenemmnapenennemannaerpeaninatanatty 
O 200 400 600 km 
30° 35 







146 Nature Vol. 279 10 May 1979 
SSW NNE 
0 
H Outer dune 50 
50 (red brown sand) stromatolites 
inner dunes 
(grey brown 100 







0 200 400 


calcareous clayey sand} 


Pan surface 


mimpi «LAAN aaa uM aint eines 


calcareous and saline clays 


Fig. 2 Stratigraphic section at Urwi pan with location of stromatolites. All pans in region have an essentially similar stratigraphy. 


the present pans is clear evidence that the Kalahari experienced 
substantially increased late Glacial rainfall, reduced evapora- 
tion, or a combination of both. Other workers in southern 
Africa? have assumed a 5-6 °C lowering of temperature at this 
time. By analogy with other stations in the interior of southern 
Africa witha mean annual temperature of 15—16 °C, compared 
to the 20-21 °C experienced in the southern Kalahari today, 
evaporation rates 17,000-15,000 yr ago would have been 40- 
50% lower. Similar comparisons, using data in Midgeley and 
Pitman‘ suggest that decreases in temperature and evaporation 
of this order would have led to increases in surface runoff to 
10-20 mm per yr. Even allowing for this, rainfall increases of 
1.5-2 times present amounts would have been necessary to 
sustain permanent lakes in the region, as the catchment areas for 
the lakes are extremely small (at most 10-15 km’). The potential 
contribution from shallow groundwater seepage is difficult to 
assess, but Verhagen ef al’ demonstrate that significant 
recharge to shallow groundwater is taking place today in the 
northern Kalahari, where rainfall totals are 450-600 mm per yr. 
The increases in rainfall suggested must therefore be regarded as 
a maximum. 

The evidence from the pans thus considerably extends the 
area of southern Africa known to have experienced increased 
late Glacial rainfall, and strongly suggests that the climate of the 
whole of the interior of the subcontinent was sub-humid at this 
time. Then the arid zone in southern Africa must have largely 
disappeared, except for isolated refuges along the Namib coast. 

Butzer etal.’ have calculated that rainfall totals were 123% of 
present amounts 16,000 yr ago in Alexandersfontein pan area 
near Kimberly (28°50’ S); Cooke‘ estimated a threefold increase 
in rainfall for the Kwihabe Hills area in northwestern Botswana 
(20°S), based on cave deposits with ‘“C ages ranging from 
14,000 to 17,000 BP. High lake levels in the Makgadikgadi 
depression some 20,000 years BP’ may indicate that the period 
of increased rainfall started some 5,000 yr before this. 

The picture of late Glacial climatic conditions in southern 
Africa which is now emerging is significantly different to that of 
the rest of the continent, which seems to have been dry at this 
time, with the southern margins of the Sahara up to 500 km 
south of their present position and low lake levels in east Africa; 
only parts of north Africa experienced wetter climates during 
this period. 

The increased rainfall in the Kalahari at this time was prob- 
ably the result, not of increased penetration of the subcontinent 
by winter cyclonic rains as Butzer et al.* suggest, but of greater 
summer rainfall due to a more southerly position of the Inter 


Tropical Convergence Zone. This was in turn the result of- 


strengthened Northern Hemisphere circulations. Modern 


parallels support this argument, with heavy rainfall in the region 
in recent years (1972, 1974-5, 1977-8) being associated with 
the persistence of the Inter Tropical Convergence Zone near its 
southerly limits (19-20° S). Desiccation of the interior of south- 
ern Africa was not well advanced until 9,000 BP, and was 
associated with much higher temperatures’, at a time when 
rainfall over much of Africa between the Equator and the 
northern Tropic was substantially greater than at present”. 
Equally interesting is the lack of correlation with Australia, 
where the late Glacial was cold, dry and windy’. 

I thank Dr J.C. “VORBI for '*C determinations on the stroma- 
tolites. 
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Tracing the wake of a flying bird 


STUDY of the classical problem concerning “the way of an eagle 
in the air”, when applied to flapping bird flight, offers many 
difficulties. All dynamic interactions between an object and a 
fuid medium in which it moves are ciphered in the structure of 
its wake, but the wake behind a flying bird is difficult to work 
with because it is an invisible and very short-lived formation; 
moreover, its structure must be complicated as the bird’s wings 
are working in a constantly changing manner. I report here the 
results of wake visualisation experiments carried out during 
short flights of a chaffinch (Fringilla coelebs) and a brambling (F. 
montifringilla) in enclosures. The general configuration of a 
wake is given, but no measurements have been made: in general, 

to extract some quantitative information from the wake struc- 
ture, a more precisely documented picture of the dynamics of its 
formation is needed. 
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Fig. 1 


Multiflash photographs and a scheme depicting cross-sections of the 








wake of a flying bird. a, Side view of the wake. A winding jet is visible with two 
almost vertical hollow vortex rings as if ‘threaded’ on it; the cross-sections of 
the rings’ top and bottom parts are represented by the circular outlines—a pair 
for each ring. b, Side view with three vortex rings visible. A light vertical stripe 
is produced by illumination of the wake in the transversal plane. c, Front view 
of the wake. d, The same wake as in (c) photographed synchronously from the 
side. The axis of the thick apple-shaped vortex ring, the only one visible, is 
orientated rather vertically. This and the scarcity of the dust particles in the 
fore-part of the ‘apple’ allows us to see its frontal cross-section in the form ofa 
circular outline near the bird’s right wing (c). The left-side half of the vortex 
ring is not visible, as there were no dust particles around the bird’s left wing 
(the same is also true for all other photographs). The linear scale on c and d is 
relevant more for the wake than for the bird image. e, The scheme elucidating 
the spatial relationships of vortex ring cross-sections on synchronous pho- 
tographs (c,d); as in the photographs only the right-side half of the vortex ring 


is shown. The cross-sections in the plane of the drawing correspond to the side view of the wake (d) and the one at right angles to this plane 
represents the front view of the wake (c). The direction of the vortex ring circulation Is indicated by the arrows. The pictures were taken in a net 
cage (a,b) and in a large aquarium (c, d); the birds photographed were brambling (b) and chaffinch (a, c, d), the number of flashes per series 
was about 13 (a). 8 (b) and 7 (c, d); flash frequencies were 1 kHz (a, b) and about 0.75 kHz (c, d); visualisation was carried out with paper 


(a. hb) and wood (c. d) dust 


The method involved multiple flash photography of moving 
small light particles forming a cloud through which the bird was 
forced to fly. Several visualising agents were tried but wood and 
paper dusts manufactured on a grindstone were most successful. 
Mean diameters of individual particles of both types of dust were 
0.5-0.6 mm (paper dust had a more pronounced tendency to 
aggregate in flakes of a mean diameter of ~1.0 mm), but average 
sinking velocities were different: 0.5 ms‘ in wood and 0.2 ms 
in paper dust. Birds performed their short flights between two 
perches in a Plexiglass aquarium (2 x 0.5 x 1 m) and in a net cage 
(2.6 x 0.6 x 0.7 m). An electronic generator producing a series of 
flashes was designed for the study. The generator was used in a 
waiting regime and was triggered from one or two photorelays as 
the bird crossed an infrared beam. The frequency of flashes and 
their number per series were widely adjustable. Satisfactory 
results were obtained with frequencies of the order of 750- 
1,000 Hz and 6-8 flashes per series. 

The experimental procedure was as follows. The room was 
darkened (only very faint illumination being retained) and the 
shutters of two photographic cameras were opened. Then a 
cloud of flow-visualisation particles was blown out with the aid 
of a long rubber tube from a container attached above the 
middle part of a bird's trajectory. At the same time the bird was 
flushed from the perch. The flying bird triggered the flash 


generator and hence a wake photograph was produced. 
Cameras were then prepared for the next exposure and the cycle 
repeated. 

In the photographs obtained the multiple images of individual 
particles clearly show directions and relative velocities of their 
movement in the plane of the paper. The faster a particle is 
moving the longer the segments of a broken line it produces. 
One can consider these lines as an approximation to the real 
trajectories of fluid particles. With the linear scale and flash 
frequencies known it is possible to calculate roughly a number of 
characteristic velocities in the plane of the wake flow field 
pictured. 

To analyse the photographs obtained (Fig. 1) it is necessary to 
consider some peculiarities of the methods used. Photographic 
superposition of successive images causes a strong impression as 
if light objects, specifically dust particles, are always situated in 
front of dark ones. The bird itself moves relatively slowly, so its 
image is usually overexposed with few details visible— 
exposures being chosen to reproduce primarily the wake struc- 
ture. Under the action of a centrifugal force the core parts of 
rotating bodies of air are free from visualising material. This 
causes accentuation of such structures, but it should be remem- 
bered that their apparent dimensions are also strongly depen- 
dent on the size and density of visualising particles. Finally, the 
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particle cloud was formed by the experimenter in such a way that 
it embraced only the wing of the bird remote from the observer, 
so that sections of the wake were produced on the photographs. 

The two-dimensional longitudinal view of the bird wake 
conforms reasonably well to the reversed vortex street with a 
‘reactive’ jet between the vortices—the pattern that was predic- 
ted long ago by theorists and then repeatedly reproduced in 
experiments with an oscillating aerofoil’. Analysis of the pho- 
tographs also reveals that the spatial structure of the wake of an 
actively flying bird is represented by a series of thick and more or 
less deformed vortex rings with an intense and winding jet which 
passes through the rings’ holes. Form and orientation (that is, 
axis inclination) of the vortex rings are variable because the 
photographs correspond to different stages of birds’ short flight 
with different requirements on lift and thrust and unequal 
contribution by the ballistic component (the initial jump from 
the perch) at each stage. 

The development of a vortex ring can be conceived in the 
following way. The upper part of the ring (if it is placed verti- 
cally) is formed by the starting vortices of both the wings at the 
beginning of their downstroke; these are extended on the sides 
of the ring, during the middle stages of the downstroke, by the 
wings’ tip vortices. The lower part of the ring is formed by the 
stopping vortices shed from the wings in their lowest position at 
the bottom of the downstroke. The vortices generated by the left 
and right wing are closed against each other at the upper and 
lower points of the wing stroke. So a vortex ring is formed. In 
most if not all passerine birds all the aerodynamic work is known 
to be done only on the downstroke; on the upstroke the wings 
are folded and their interaction with the air is minimal’. This is 
why vortex rings in the wake of the finches studied here are 
produced only during the downstroke. 

A recent theoretical model** has predicted the configuration 
of the vortex rings observed in these experiments as being the 
most realistic description of the wake of a flying bird, consistent 
with the unsteady regime of its wing beat. This model provides a 
framework for calculations of the power consumed in flight and 
for the quantification of the vortex distribution of the wake. 

I thank Professor Sir James Lighthill for the kind attention he 
has given to this report and V. I. Petrowsky for designing the 
generator and helping to produce the photographs. 
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Shoot height, weight and 
standing crop in relation 
to density of monospecific plant stands 


DESPITE great differences in architecture and supporting tissue, 
monospecific stands of single-stemmed plants ranging in size 
from a moss to a tree follow a simple rule relating shoot dry 
weight and standing crop to density. We describe here an 
equation for this relationship which remains true for almost any 
fully occupied plant stand dominated by a single species. 

Data were obtained, mostly from the literature''’, for 65 
stands of 29 different plant species (Table 1) ranging from 
mature midsummer shoots of annual and perennial non-woody 
species to saplings and full-sized trees. Figure la shows the 
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Fig. 1 The relationship of shoot dry weight and standing crop (a) 

and height (b) to density in monospecific stands of plants. Dashed 

boundary lines at 0.3 log, intervals below and above the solid lines 

represent plants half and twice as large. Point B represents Bol- 
boscheenus maritimus. 


inverse, double logarithmic relationship of shoot dry weight (w, 
grammes) to density (d, m~°*). It is calculated as the reduced 
major axis?™™™, because neither variable is truly dependent on 
the other, and has the form w = 9,670d7'“° and the correlation 
coefficient Frigg 19 = 0.987. 

A simple geometric model, developed by Yoda et al.', to 
explain intraspecific weight/density relationships during self- 
thinning of overcrowded stands of individual plant species, 
seems also to apply to interspecific weight/density relationships 
among diverse species, ranging in shoot weight over more than 
seven orders of magnitude and in shoot density over five orders 
of magnitude. The model is described as follows: (1) assume that 
available space is fully occupied (that is, that the leaf canopy is 
closed), and that the area occupied by a plant is proportional to 
the square of some linear dimension (for example, basal 
diameter or height); (2) then weight (or volume) per shoot will 
be proportional to the cube of the linear dimension; (3) weight 
per shoot is therefore proportional to the 3/2 power of the area 
occupied or to the ~3/2 power of its reciprocal, which is density. 
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This exponent of —1.5 is very close to that observed in Fig. la 
(~1.49), which therefore appears to fit the suggested model 
despite major differences in plant architecture (for example, 
Polytrichum, Pteridium, Carex, Typha, Phragmites, Ambrosia, 
Betula, Abies), and in the nature of supporting tissues, with a 
large component of parenchyma in some species (for example, 
Eleocharis, vegetative shoots of Typha) and of sclerenchyma in 
others (Abies, Betula). 

The relationship may be followed further by examining the 
ranges of shoot height and weight (Table 2). The rules of the 
simple geometric model dictate that the range for logio height 
ought theoretically to be half the range for logio density, 
whereas the range for logio weight ought to be 1.5 times the 
range for logio density. The observed ranges are in good 
agreement with the model, being within 7% of the theoretical 
range for height, and within 2% of the theoretical range for 
weight. Conformity would probably be greater if height data 
were available for the largest Abies sachalinensis. It is 6.5 times 
the weight of Taxodium distichum, the largest plant for which 
height data are available. According to the model, 6.5 times 
greater weight implies 1.87 times greater height, and an increase 
of 0.27 in the logio height range. Adding 0.27 to 2.44 gives 2.71, 
within 4% of the theoretical height range for all 27 species. 

The relationship of shoot height (h, cm) to density (d) of 15 
species in 19 stands is shown in Fig. 1b, and is given by the 
reduced major axis, h = 970d~°***. The correlation coefficient, 
iog 10 = 0.902. Thus, density explains only 81% of the variance 
in shoot height, as compared with 98% of the variance in weight 
for the same 19 stands. Marked architectural differences are 
reflected in the ratios of height to cube-root of dry weight among 
the different species. Ratios for seven species of Carex range 
from 67 to 130, whereas two species of Typha have ratios of 40 
and 68. Three stands of Phragmites communis range from 76 to 
93. Trees exhibit lower ratios, 39 and 26 for Pinus silvestris and 
26 for Taxodium distichum. The moss Polytrichum commune 
has the lowest ratio, at 19. 


Table 1 Species investigated* 


Abies sachalinensis’ Glyceria maxima’ 
tAmbrosia artemisiifolia (unpubl.) tPhragmites communis 
Ammophila arenaria (unpubl.)  tPinus silvestris** 
Betula (platyphylla, Ermani, t Polytrichum commune (unpubl) 
Maximowicziana) mixed’ Pteridium aquilinum 
Bolboschoenus maritimus Scirpus fluviatilis® 
+Carex acuta? S. validus® 
C. atherodes* +Sparganium erectum" 
tC. elata? $. eurycarpum 
tC. lacustris?" t Taxodium distichum" 
C. lanuginosa“ Typha angustifolia pa 
tC. lasiocarpa*“ T. glauca® 
tC. rostrata? 467.8 tT. latifolia’®'” 
tC. vesicaria +T. (angustifolia, glauca, latifolia) 
tEleocharis calva (unpubl.) mixed, (unpubl.) 


2,9—13 


“Other species accounted only for a few % of above-ground standing 
crop and less than 10% in all measured cases. 
tData for both weight and height were available. 


The weight/density relationship within a monospecific plant 
stand undergoing competitive self-thinning is generally charac- 
terised’ by a negative exponent of —1.5. Different species are 
expected” to exhibit distinct differences in the constant C of 
the equation w = Cd~'*. Several species should thus yield a 
family of curves, all with negative exponents near ~1.5. but with 
different values for the constant C presumably reflecting 
differences in plant architecture. However, within the limits of 
variability normally observed for such an inverse power-law 
relationship, most species fit reasonably well to the solid line in 
Fig. la, defined by a single value (9,670) of the constant C. 
Threequarters of the 65 plant stands in Fig. la lie within the 
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dashed boundary lines shown 0.3 logio intervals below and 
above the fitted solid line. These boundary lines (C = 4,900 and 
19,500 respectively) represent shoots one-half and twice as 
large as those which fit the equation given earlier. Moreover, 
data for many individual species reveal a variability at least as 
great as that represented by the dashed boundary lines. Data 
from laboratory experiments may be similarly variable. Two 
populations of Helianthus annuus allowed to self-thin at full 
light intensity”? exhibited C values of 6,920 and 91,200 respec- 
tively, and regression exponents of ~1.33 and ~—1.84. The 
clumped distribution of many plant shoots and the often 
logarithmic frequency distribution of shoot sizes in overcrowded 
stands’ contribute greatly to the substantial variability. 





Table 2 The ranges of height*, density? and weight? for the plant 
shoots in Fig. 1 


logio range 


Minimum Maximum Actual Theoretical 
Height (cm) 5.0 1.39 x 10° 2.44 2.62 
Density (m~?) 0.079 1.38x10* 5.24 en 
Dry weight (g) 0.019 1.07x10° 7,75 7.86 


*19 stands, 15 species. t65 stands, 27 species. 


Architecturally diverse species overlap considerably, and 
where deviations from the reduced major axis occur they do not 
seem to be related in any consistent way to differences in plant 
architecture or in the nature of the supporting tissues. A number 
of self-thinning curves in the literature'** also conform rather 
well to the relationship shown in Fig. la, especially if reasonable 
corrections are made for below-ground material of whole plants. 
Even if more detailed study reveals systematic variations in 
the constant C which can be related to differences in plant 
architecture, Fig. la suggests that its values will lie within a 
fairly narrow range, and mostly between half and twice the 
value reported here. 

Two species, Chenopodium album' and Bolboschoenus nigri- 
cans (B in Fig. 1a), appear to deviate substantially from the 
relationship reported here. The deviation of Chenopodium is 
particularly striking because of the conformity of a similar weed, 
Amaranthus retroflexus'. However, according to one of the 
authors (T. Kira), their Chenopodium data were for fresh 
weight, others were for dry weight. Bolboschoenus (=Scirpus) 
maritimus, marked B in Fig. la, lies well below the reduced 
major axis. This rhizomatous species colonises open water, and 
probably had not developed a closed canopy. The relationship 
will also break down where aridity and cold prevent develop- 
ment of a complete plant cover, as in deserts and tundra. 

Self-thinning is not always characteristic of monospecific 
stands of plants in nature, particularly in uncrowded situations. 
The exponent in the weight/density relationship is generally 
close to ~1.0 in such cases, so that standing crop per unit area is 
independent of density. This is the ‘Law of Constant Final 
Yield? and this holds for stands of Taxodium distichum in 
Georgia” and Phragmites communis in Czechoslovakia’*. The 
reduced major axes for both species lie close, although at an 
angle, to their respective short segments of the fitted line in Fig. 
la. Apparently this line sets an approximate upper limit to the 
mean size of plant shoots at any given density, whether or not 
self-thinning is taking place. 

The negative slope in Fig. la obviously reflects structural 
constraints, with a less dense plant spacing allowing a larger 
basal area for stem support, and hence a greater ultimate height 
and mass. This structural explanation might be thought to have 
an underlying basis in the physiological balance between 
respiration, a function of shoot weight, and photosynthesis, a 
function of leaf area. In such a case, shoot weight ought to be 
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closely related to leaf area index. However, leaf area indices 
calculated from data compiled by R. H. Whittaker” show little 
difference in communities with very different shoot densities and 
sizes. For example, temperate and tropical evergreen and deci- 
duous forests exhibit mean indices between 5 and 12 m? m™, as 
compared to indices of 3.6 for temperate grasslands and 7.0 for 
swamps and marshes. Grassland and wetland communities have 
far smaller shoot weights and greater shoot densities than 
forests. Moreover, fourteen Czechoslovak stands of Phragmites 
communis” exhibit no relationship of leaf area index, which 
ranges from 2.4 to 6.3, to either shoot weight or density, which 
correlate strongly with one another (rio, 10 = —0.91). White” 
discusses the point in more detail. 

It follows from the weight/density relationship in Fig. 1a that 
large plants growing at low density yield a larger above-ground 
standing crop than small plants at high density, with wd = 
9,670d~°“’. This relationship is shown as a dash-dot line in Fig. 
la. It can be seen that standing crop at a density of 0.1 shoots 
m`? (characteristic of a large tree) is 26,000 g m™?, whereas at a 
density of 10,000 shoots m`? (characteristic of a large moss), it is 
120 g m”. Only widely spaced plants, which can develop a large 
basal area and so grow to great heights, are able to accumulate 
large amounts of biomass. This is so obvious as to be a truism. 
The remarkable fact is that a single, simple rule relating shoot 
weight and standing crop to density should apply over so many 
orders of magnitude and to plants as diverse in their architecture 
as mosses, ferns, gymnosperms, monocotyledons and dicoty- 
ledons. 

After submitting this article I learned from J. L. Harper that a 
similar relationship was described at the Twelfth International 
Botanical Congress in Leningrad by J. White, who subsequently 
informed me that it will be dealt with further in a forthcoming 
publication. 

I thank E. C. Abbe, W. L. Koukkari, E. G. and D. J. 
McLaughlin, P. A. Morrow, D. C. Pratt and A. van der Valk for 
their comments, and E. J. Cushing for a detailed review. A. van 
der Valk and W. H. Schlesinger provided data in advance of 
publication. J. White transmitted T. Kira’s explanation of the 
aberrant Chenopodium data, and informed me of his 1977 and 
forthcoming papers. 
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Parasite pathogenicity and 
the depression 
of host population equilibria 


THE use of pathogens as agents for the biological control of pest 
species has increased rapidly in recent years with the realisation 
that chemical pesticides are not the panacea they were once 
thought to be’*. The selection of a suitable parasite is often 
based on the assumption that highly pathogenic organisms will 
be most effective in minimising pest population growth*®*. 
Recent theoretical studies of the dynamics of host-parasite 
associations provide a template for testing this assumption”. 
This paper examines the relationship between parasite patho- 
genicity, as measured by the severity of the pathogen’s influence 
on host survival, and the consequent depression of the host 
population from the size it would have achieved in the absence 
of infection. The maximum degree of depression is achieved by 
direct life cycle parasites of moderate to low pathogenicity, a 
prediction which has important implications for the use of 
pathogens as biological control agents. In agreement with tradi- 
tional beliefs’*-"*, theory suggests that highly pathogenic species 
will cause their own extinction but not that of their host. The 
relationship between population depression and host reproduc- 
tive potential is shown to be critically dependent on the biologi- 
cal characteristics of the pathogen. 

Parasites can be divided into two main classes. Microparasites 
(viruses, bacteria, protozoans) are characterised by small size, 
short generation times, extremely high rates of direct reproduc- 
tion within the host, and a tendency to induce lasting immunity 
to re-infection in those hosts that survive initial infection’. The 
duration of infection is typically short in relation to the expected 
lifespan of the host, and thus is of a transient nature (there are 
exceptions to this general trend, as shown, for example, by 
herpes simplex virus’’ and the slow viruses’). Macroparasites 
(parasitic helminths and arthropods) have much longer genera- 
tion times, and direct multiplication within or on the host is 
either absent or occurs at a low rate compared with that of 
microparasites. 

Such immune responses as are elicited by these metazoans 
tend to depend on the number of parasites present in a given 
host and to be of relatively short duration relative to the 
expected lifespan of the host'”’’. Macroparasitic infections 
therefore tend to be of a lasting nature, as the hosts are suscep- 
tible to continued re-infection. 

Both microparasites and macroparasites may complete their 
life cycles by passing from one host to the next either directly or 
indirectly via one or more intermediate host species. Pathogens 
which have been used in biological control’, and those whose 
potential is now being investigated", all exhibit direct life 
cycles (various viruses, bacteria, protozoa and nematodes). 

The influence of parasite pathogenicity (per capita rate of 
parasite-induced host mortality) on the dynamics of host popu- 
lation growth may be explored by means of population models 
framed in differential equations. The mathematical theory of the 
dynamics of microparasitic infectious diseases, as recently 
reviewed by Bailey”, is largely based on compartmental models 
which delineate susceptible, infected and immune categories of 
hosts (containing, respectively, x, y and z numbers of hosts). The 
model used to examine the dynamics of microparasitic infections 
differs from standard epidemiological models in assuming that 
the total number of hosts, H = x + y + z, is not treated as some 
independently set constant, but is assumed to be a variable 
determined by both the dynamics of the disease and the natural 
per capita birth rate, a, and death rate, b, of the host. It is also 
assumed that in the absence of infection the disease-free popu- 
lation grows logistically?" to an environmental carrying capacity, 
K, where K = (a — b)/B (the constant 8 measures the severity of 
density-dependent constraints on population growth). The 
system of equations for susceptible x, infected y and immune z 
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Fig. 1 Microparasitic infection model. Following conventional 
lines, the rate at which hosts acquire infection is assumed to be 
proportional to the number of encounters between susceptible and 
infected hosts, being Axy, where A is a transmission coefficient”. 
The mortality rate of infected hosts is taken to be 6+ 4, with @ 
representing the mortality caused by the disease; there is also a 
recovery rate from infection, v. Recovered hosts are assumed to be 
initially immune, but this immunity can be lost at a rate y (for 
permanent immunity y = 0). These assumptions lead to the follow- 
ing equations: dx/dt=aH~—(b+BH)x~Axy+yz,  dy/dt= 
Axy —(b + BH)y — ay ~ vy, dz/dt= vy ~ (b + BH )z — yz. The con- 
struction of these equations follows conventional lines *° (with the 
parameters a, b and B as defined in the main text) except for the 
inclusion of a per capita density-dependent host mortality rate 
(b+ BH)*'. The sum of the three equations for x, y and z yields: 
dH/dt=(a-b-—-BH)H- dy, equation (1). Provided (a~6) is 
positive, the model yields locally stable equilibria. If host density, 
H, is less than a threshold value, Hy, where AHy= 
(b+a+0)/(A-B), then after the introduction of infected hosts 
into the population, y will initially decrease and x increase. 
However, once x exceeds Hy, then y will increase and the system 
will converge (steadily or with damped oscillations) on one of two 
types of stable equilibrium state. Stable co-existence of host and 
parasite, where H*<K and y*>0, will result provided A> 
B[it+(6+a+v)/(a-b)]. If this condition is not satisfied the 
parasite fails to co-exist and H* = K and y* = 0. a, The influence of 
parasite pathogenicity, a, and the natural intrinsic growth rate of 
the host population r, where r= a-6, on the degree of host 
population depression d, where d = 1~ H*/ K. Parameter values of 
the model are as follows: B = 0.01, A=0.1, y =0.05, v=0.5. b, 
The influence of & and r on the equilibrium proportion of infected 
hosts, y*/H*. Parameter values as for a. 


hosts and their dynamical properties are detailed in the legend to 
Fig. 1. The model has two distinct patterns of population 
behaviour, namely (1) the disease persists and regulates the host 
population at a locally stable equilibrium H*, where H* < K, 
and y* >0; (2) the infection is not maintained within the host 
population and a stable disease-free equilibrium results where 
H* =K and y* =0. 

The relationship between parasite pathogenicity, measured 
by &, the per capita rate of disease-induced mortality in the 
infected class of hosts, and the degree of depression of the host 
population equilibrium, d, where d=1-H*/K (varying 
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between 0 and 1), is shown in Fig. 1a for various values of r, the 
natural intrinsic growth rate of the host population (r =a —b). 
For a fixed value of r, the maximum degree of depression is 
achieved by parasites of moderate to low pathogenicity. 
Increased rates of parasite-induced host mortality result in a 
greater degree of host population depression until the rate of 
loss of infected hosts begins to have a detrimental effect on the 
efficiency of disease transmission. When the level of pathogeni- 
city is very high, infected hosts die before effective transmission 
is achieved and the disease is thus unable to persist within the 
host population (y*>0, H* > K). In brief, highly pathogenic 
organisms are likely to cause their own extinction but not that of 
their host. These conclusions withstand a variety of changes in 
model structure. Most importantly, if a totally immune category 
of hosts is absent, recovered hosts passing directly back to the 
susceptible class (as may often be the case with microparasitic 
infections of arthropods), a pattern emerges which is similar to 
that shown in Fig. 1. 

Macroparasites with direct life cycles tend to produce persis- 
tent infections where the pathogenicity to the host, the rate of 
production of transmission stages and any resistance of the host 
to further infection all typically depend on the number of 
parasites present in a given host! "177177, A crude division of the 
host population into susceptible infected and immune classes is 
therefore inappropriate and a description of the dynamics must 
deal with the full probability distribution of parasites within the 
host population. Anderson and May’ have studied the dynamics 
of macroparasitic diseases with the aid of three differential 
equations for the number of hosts H, parasites P, and free-living 
infective stages W, which incorporate certain statistical 
moments of the distribution of parasite numbers per host. 
Parasite pathogenicity is measured by a parameter, a, which 
defines the disease induced per capita host death rate, per 
parasite, as a large amount of empirical evidence suggests that 
the rate of host mortality is proportional to parasite burden in a 
given host? t77, 

A model based on the work of Anderson and May” but 
incorporating the assumption that in the absence of infection 
(P = 0) the host population grows in a logistic manner as defined 
in equation (1) (the details of the model are given in the legend to 
Fig. 2), predicts a similar relationship between parasite patho- 
genicity, a, and host population depression, d (Fig. 2), to that 
derived for microparasitic infections (Fig. 1). A further 
similarity in the predictions of the two models is shown in Figs 1b 
and 2b. Increased pathogenicity results in a decrease in both the 
proportion of infected hosts (y*/H™*, microparasitic infections) 
and the mean parasite burden (P*/H*, macroparasitic 
infections). Both models suggest that observed levels of pre- 
valence and intensity of infection within host populations in 
natural habitats will closely reflect parasite pathogenicity, a 
prediction supported by empirical evidence”. 

In contrast to these similarities, the impact of high rates of 
host population growth in the macroparasitic infection model is 
to lessen the degree of depression relative to the disease-free 
equilibrium value K, whereas the exact converse is predicted by 
the microparasite model. The explanation of this paradox lies in 


_ the ability of microparasites to colonise a host by direct multi- 


plication within the host. The rate of establishment of new 
colonies in uninfected hosts is therefore enhanced by high host 
birth rates which continually replenish the stock of susceptible 
individuals. High rates of establishment increase the proportion 
of infected hosts in the population and thus increase the degree 
of population depression. Experimental studies of viral and 
bacterial infections in mouse populations clearly illustrate this 
principle”. 

In contrast, the population growth of macroparasites, which 
do not tend to exhibit direct multiplication, is dependent on the 
gradual accumulation of new infections within individual hosts 
and not on the input of susceptible individuals to the host 
population. High host birth rates tend to offset the mortalities 
caused by infections and hence decrease the degree of host 
population depression. Substantial depression of host popu- 
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Fig. 2 Macroparasitic infection model. The framework of the 

‘macroparasite model is based on the work of Anderson and 

. May”!!, where the three equations for the population of hosts H, 
parasites P, and infective stages W are as follows: dH/dt= 
(a-b- — BH) H — aP, dP/dt = AWH -(w+b+a+ BH)P-(u +a). 
(kK+1)P°/(kH),. dW/dt=AP—cW—AWH. The host birth and 
death rates a and b are as defined earlier for the microparasite 

. model, as is the transmission parameter A (hosts acquire individual 
parasites at arate proportional’ to the’ number of contacts between 
hosts and parasite infective stages, A WH) and the density-depen- ` 
dent host mortality rate, b + BH. The parasite-induced host death 
rate is assumed to be linearly proportional to the parasite burden in 

:‘a given host and to occur at a rate @ per parasite. The parasites are 
distributed as a negative binomial distribution with parameter k; u 
is the: natural mortality rate of adult parasites, the net rate being 
dependent on the density of parasites within an individual host; A is 
the rate of production of infective stages by an adult parasite, and c 
is the death rate of these infective stages. The empirical basis of 

_ these equations has been described in detail elsewhere” **. Pro- 
vided (a — b) is positive, the model yields locally stable equilibria. If 

“host density H is less than a threshold value Hr, where Ay= 
c(u+ata)/[A(A —w —a—a)]; then the parasite cannot become 
established (dP/dt<0). However, if H > Hy, ‘provided A-—.-. 
(at+pu+a)>cB(a+yut+a)/[A(a—b)], the infection will become 
established and the equilibrium states H*<K and P*>0 are 
locally stable. If this condition is not satisfied the parasite fails to 
persist and H*=K and P*=0. a, The influence of parasite _ 
pathogénicity a and the natural intrinsic growth rate of the host 
population r on the degree of host’ population depression d. 

' Parameter values of the model are as follows: 8 =0.01, A =8, 
yw =0.1, k = 1.0, c =2.5, A=0.5. b, The influence of a andr onthe - 
equilibrium mean parasite burden per host, P*/H*. Parameter 

values as for a. 


lations with high reproductive potentials may be achieved by 
macroparasites with the ability to produce large: numbers of 


transmission stages to ensure the: rapid ap uum of, 


parasites within individual hosts. 
The most important prediction of both models i is related to the 
use of parasites-as biological control agents; direct life-cycle 
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micro- and macroparasites of low to moderate pathogenicity are 
the most effective suppressors of host population growth. Very 
pathogenic organisms are likely to cause their own extinction 
but not that of their host. These conclusions seem to be reliable 
as they are derived independently from two mathematical E 
models of very different structure. 

Current practice is to select highly pathogenic organisms for 
the biological control of pest species’ *. Such pathogens may 
cause high initial mortality within the pest population in a 
manner analogous to a single application of a chemical pesticide. 
However, in the absence of repeated introductions they are 
unlikely to achieve maximum and lasting depression of the pest 
population. 

I thank Michael Hassel, John Lawton and Robert May for 
helpful discussions. 
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The Stiles-Crawford hue shift 
nn per ee 


THE soloa of a light is determined by such ee as -its 
dominant wavelength, luminance, colorimetric purity, locus of 
retinal stimulation, surround chromaticity and preceding adapt- 
ing field. Stiles and Crawford’ were first to note that the position 
at which a small pencil of light enters the pupil also affects the 


` light’s colour. In general, light that enters through the centre of 


the pupil is seen as brighter than the same light impinging on the 
same retinal area but passing through the periphery of the pupil. 
This is known as the Stiles-Crawford effect of the first: kind 
(S-C-I). It has been demonstrated that this -effect is due to 
the directional sensitivity of the receptors’ and is much more 
pronounced in cones than in rods* ®. Stiles’ also showed that two 
monochromatic lights of the same wavelength, one passing 
through the centre of the pupil (on-axis), the other entering 
through the periphery (off-axis), will differ in hue even after they 
are equated for brightness. (There is also a small change: in 
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Fig. 1 S-C II for subject BW. AA represents the shift required to 
bring an off-axis light to the same wavelength as an on-axis light 
after both lights have been matched in hue and brightness. Circles 
are means of two or three separately determined points of sub- 
jective equality. Vertical lines are the 5-95% range estimated from 
the psychometric functions used in deriving the means. @, No- 
bleach condition; ©, high-bleach condition. The horizontal dashed 
line is the predicted result for the high-bleach condition based on 
the self-screening model. 


saturation that becomes almost negligible at the long- 
wavelength end of the spectrum.) This is known as the Stiles— 
Crawford effect of the second kind (S—C H). For example, to 
match in hue an on-axis light of 610 nm an observer might 
require an off-axis light of 605 nm. The direction and magnitude 
of this hue shift varies with the wavelength of the on-axis light 
(Fig. 1). We have measured S-C I in conditions of varying levels 
of bleached photopigment. An explanation of the effect based 
on the absorbance of the photopigment can account for much 
but not all of the data. For the long-wavelength end of the 
spectrum, when the photopigment is significantly depleted, 
some other factor must have a role in mediating this effect. 

Related to S—C II is the finding that the proportion of mixed 
red and green light required to match a yellow light (a metameric 
match) is different depending on where in the pupil the lights 
enter’, This upset in the metameric match must reflect the 
change in the shape of the spectral sensitivity curve of at least 
one of the three cone mechanisms when the light-entry position 
is changed. An altered shape in the spectral sensitivity curve of 
at least one of the cone systems can also account for S—C H. 

Two hypotheses, that differ in their model of how light 
interacts with photoreceptors, have been proposed to explain 
these wavelength-dependent Stiles—~Crawford effects. In so 
doing, these hypotheses have addressed the question of what it is 
that determines the spectral sensitivity of the cones, which is the 
fundamental property of the visual system on which our colour 
perception is based. 

The waveguide hypothesis ~, based in part on physical 
optics, proposes that as the diameters of the photoreceptors are 
only slightly greater than the wavelength of light, the receptors 
act as dielectric (optical) waveguides. Light is propagated 
through and around an optical waveguide in non-uniform 
patterns of energy known as modal patterns. The amount of light 
travelling inside the guide is given in part by the kind of modal 
pattern produced. Also the amount of light available for 
absorption by the photopigment varies with the wavelength of 
the incident light and the angle of incidence. These, of course, 
are the two independent variables- associated with S—C IL. It is 
possible to derive a theoretical curve that closely matches the 
one seen connecting the filled circles in Fig. 1 by varying the 
parameters of the waveguide that determine its sensitivity (for 
example, refractive indices of the receptor and its surrounding 
medium, outer segment diameter, length and shape)'*""’. 
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According to the self-screening hypothesis'*"*, which is 
based solely on geometric optics, light that enters through the 
pupil off-axis passes through less photopigment than on-axis 
light because of the former’s oblique angle of incidence at the 
receptor layer. Such a shortening of the pathlength that the light 
takes through the pigment is equivalent to a reduction in the 
absorbance of the pigment. This follows from the Beer-Lambert 
law as does the fact that such a reduction has the effect of 
narrowing the spectral sensitivity curve of the cone system(s) 
involved. Self-screening has been shown to provide a reasonably 
good quantitative account of S—C II, if it is assumed that the 
absorbance of the photopigment(s) is about 0.5 or greater. 
Based on direct '**° and indirect’’ estimates of the absorbance 
of human cone photopigments coupled with the assumption that 
passing light through the periphery of the pupil effectively 
shortens the pathlength, self-screening must to some extent be 
occurring and therefore must contribute at least in part to S-C 
If. Furthermore, self-screening provides a model with fewer 
assumptions and fewer free parameters than the waveguide 
model. We thus decided to test the generality of the self- 
screening model to see if S—C II could be accounted for entirely 
in terms of geometric optics and the absorption properties of 
photopigments. 

In accord with the Beer~Lambert law, the lower the initial 
absorbance of a pigment, the smaller will be the range over 
which the absorbance can further be reduced. Thus, inherent in 
the self-screening model is the prediction that the magnitude of 
S~C H will be directly proportional to the initial absorbance of 
the photopigment. In the extreme case, when nearly all the 
photopigment is depleted, no measurable effect should be 
obtained. 

It is possible to manipulate the initial absorbance of the 
phototpigment by exposing the eye to an adapting light of a 
certain intensity. Such a bleaching light renders a given amount 
of pigment incapable of any further absorption of light. The 
reduction in concentration of available quantum-catching pig- 
ment thereby reduces the absorbance of the photopigment. 

In our experiment, we measured S—C II in a no-bleach and a 
high-bleach condition in three subjects. Each subject was 
presented with two juxtaposed, circular fields each 20’ in visual 
angle. The stimuli were presented in maxwellian view to one eye 
and were seen foveally. The source images, focused in the plane 
of the pupil, were 1 mm in diameter. One field, the standard, was 
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Fig. 2 S-C H at 610-nm as a function of the level of bleached 
photopigment for subject BW. The points are derived as described 
in Fig. 1, except that each point represents the result from a single 
session, Lightly dashed line shows the predicted result for bleach- 
ing levels above 40% based on the self-screening model. Below 
40% the self-screening prediction and the obtained results co- 
incide. Predictions are based on the receptor primaries of Vos and 
Walraven*’, assuming an absorbance of 0.5 for each pigment. It is 
also assumed that both pigments are bleached at the same rate by 
the white adapting field. 
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fixed in wavelength for a given session and entered through the 
pupil on-axis. The other field was varied around the standard in 
steps of 2nm and entered through the pupil off-axis. (The 
position in the pupil that yields the peak luminous efficiency of a 
light is not always the centre. Therefore, we measured S-C I 
along the horizontal meridian to determine the pupillary posi- 
tion for each subject that represented the peak of his S-C I 
curve. For all subjects, the peak occurred within 1 mm of the 
geometric centre of the pupil. This was termed the on-axis 
condition. The off-axis condition was achieved by displacing the 
source image 3 mm to the opposite side of the pupil along the 
horizontal meridian.) The subject was required to state whether 
the variable field appeared to be a hue associated with a 
wavelength longer or shorter than the wavelength associated 
with the hue of the standard. Before each judgment, the subject 
matched the two fields in brightness. Residual differences in 
saturation, which were for the most part small, were dis- 
regarded. The luminances of the test fields were set by the 
subject to the lowest level possible in making a perfect match. 
Each wavelength chosen for the variable field was repeated five 
times. From the resulting psychometric function, the point of 
subjective equality could be determined. This was done for eight 
standards: 470, 490, 508, 525, 540, 578, 610 and 630 nm. All 
lights, except the white adapting field, were monochromatic 
(Bausch and Lomb grating monochromators, focal length, 
0.5m) with half-band widths of 3nm. Each standard was 
repeated in a second session. If the results from the first and 
second session differed by more than 3 nm, a third session was 
included. For the high-bleach condition, following a 4-min 
exposure to a 5°, xenon-white adapting field that was calculated 
to bleach 88% of the mid- and long-wavelength sensitive cone 
pigments, each subject was presented with the following 
sequence of stimuli: a 2-s dark interval, a 1-s exposure of the test 
fields, a 10-s presentation of the bleaching field. This cycle, 
which maintained the percentage of pigment bleached at a 
constant level, continued for the duration of the session (about 
0.5 h). The percentage of pigment bleached was calculated from 
Rushton and Henry's reflection densitometry measurements 
and pigment kinetic equations’’. For the no-bleach condition, 
the subjects dark-adapted for 10 min and were then presented 
the test fields for 1 s every 4s. 

Figure 1 (filled circles) shows results for one subject for 
the no-bleach condition and are similar to the findings of 
others®'*'*. The other subjects’ data agree with those shown 
here. For example, when an on-axis light is set to 610 nm, the 
subject requires that an off-axis beam of light be approximately 
605 nm for the two lights to match. Figure 1 (unfilled circles) are 
the results for the high-bleach condition. For this condition, the 
self-screening prediction (no hue shift) is represented by the 
horizontal, dashed line. While the data roughly agree with the 
prediction up to 540 nm, at longer wavelengths the empirical 
findings depart significantly from the theoretical curve. With 
610 nm as an example again, in the no-bleach condition, an 
off-axis light of this wavelength appeared too red compared with 
an on-axis light of the same wavelength. In the high-bleach 
condition, a610-nm, off-axis light appeared far too yellow when 
compared with a 610-nm, on-axis light. 

We examined 610 nm at intermediate bleaching levels (Fig. 
2). Self-screening predicts that as the percentage of bleached 
pigment increases, the magnitude of the effect should decrease 
until, finally, at close to a 100% bleach, the effect should be 
unmeasurable. The data are in agreement with the self-screen- 
ing prediction for low and intermediate bleaching levels, but, 
above a 65% bleach, theory and data are discrepant. Our results 
for the long-wavelength end of the spectrum suggest that at high 
bleaching levels a factor other than self-screening, such as 
waveguide effects, must be invoked to account for S—C II. This is 
consistent with Weale’s”’ conclusion that long-wavelength light 
is treated preferentially in terms of the physical optics of the 
receptors, It might be that lights used to bleach a substantial 
portion of photopigment alter receptor properties in such a way 
as to increase a waveguide effect. 
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In conclusion, the present data indicate that a self-screening 
model can adequately account for S-C II when the eye is 
adapted to lights that bleach up to about 65% of the photo- 
pigment. This means that in such light-adapting conditions, the 
spectral sensitivity of each of the individual cone mechanisms is 
determined largely or solely by the absorption characteristics of 
their respective photopigments and the geometric optical prop- 
erties of the receptors. However, when the photopigment is 
substantially depleted, possible waveguide effects of the recep- 
tors are revealed and have a significant role in determining 
spectral sensitivity. 
This work was supported in part by an NIH National Research 
Service Award (5 F32 EY 05145) from the National Eye 
Institute to K.F. and a National Eye Institute grant (2 ROI EY 
01512) to B.R.W. Some of the data reported here appear in ref. 
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Estimating maximum limits 
to mutagenic | 
potency from cytotoxic potency 


RAPID and reliable screening methods are required for iden- 
tifying environmental mutagens and estimating their mutagenic 
potency in preparation for use of more elaborate tests to assess 
the genetic risk to man. Many compounds are effectively 
screened by in vitro mutagenesis assays using either bacterial or 
mammalian cells. Although tests with mammalian cells are not 
as rapid and inexpensive as microbial assays, they are needed to 
confirm and extend the bacterial results, and probably provide a 
better assessment of potential risk to humans than do microbial 
tests. However, the screening of all potential mutagens with 
mammalian cell mutagenicity assays, although desirable, does 
not seem feasible unless, as we propose, test compounds are first 
pre-screened on the basis of their cytotoxic potency. On 
theoretical grounds, one expects a certain minimum cytotoxic 
potency to correlate with mutagenic potency, particularly when 
the latter is measured using forward mutations that result in 
inactive gene products. Specifically, cells cannot divide unless a 
substantial fraction of their genome is functionally intact; 
mutagenic agents should thus be obligatory cytotoxic agents, 
with a given mutagenicity conferring a certain irreducible cyto- 
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104 potency, we have used the D,- unit of survival, defined here as 
the dose required to kill approximately 63% of the initial cell 
population. Unlike Do, estimation of D,- is usually possible from 
the limited survival data that accompany published mutation 
frequencies; D3, generally measures survival within the linear 
portion of the dose response for mutation (lower survivals are 
frequently out of the linear mutation range). Moreover, this 
parameter reflects differences in repair capability or fidelity that 
P / mub OY may influence both toxicity and mutagenicity. 

FA ye Figure 1 compares the frequency of forward mutations 
/sze AF-2% DMS, / induced per applied dose with the reciprocal of the molar dose 
required for D, survival in three rodent and two human cell 
systems’ “**. As plotted, the data constitute a potency index, 
extending from weakly mutagenic and less toxic compounds to 
highly mutagenic agents that are toxic at very low concen- 
trations. The relative increase in cytotoxicity is accompanied by 
a proportional 1 increase in mutagenicity, that is, the slope of the 
108 regression relationship is 1.03 + 0.03. The observed correlation 
1 between cytotoxicity and mutagenicity suggests that a deter- 
D3, (M) mination of the D,, dose of toxic agents can be used to estimate 
the maximum potential-induced mutation frequency. In parti- 
cular, these data permit the hypothesis that no agents will be 
found whose location on this graph is significantly above the 
upper dotted line. Whereas mutagenicity and cytotoxicity 
separately range over six orders of magnitude, no agent can 
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Fig.l The relationship between induced mutation frequency per viable cell 
(MF) per unit exposure dose (molar) and the reciprocal of D,, (M), that is, 
the dose required to kill 63% of the initial cell population. Killing is defined 
as the inability of a cell to undergo continued cell division in vitro resulting in 
a viable cell colony. The D, values were estimated from (1) authors’ precise 
survival responses; (2} computer fits in ref. 14; (3) published tabular data 
(occasionally over limited dose ranges). In some cases, the values are 
approximate but individual estimates generally vary no more than +20% 
and never more than +50% (in two cases). Mutation frequency data usually 


ees , Alkylatin 
included at least two dose points in the most linear range, except for a few Y 9 


reports having only limited data where a single dose and zero dose {spon- agent 

taneous frequency) were used, The data included in this plot are those 

for mutations at the Agprt locus (hypoxanthine-guanine phos- PAH i 
phoribosyltransferase, EC 2.4.2.7), the aprt locus {adenine phos- AG, 
phoribosyltransferase, EC 2.4.2.8), and the tk locus {thymidine kinase, EC NQO, UV AA 


2.7.1.75). Results in Chinese hamster ovary cells’”'* (n = 25), V79 hamster 
cells’? (a = 18), LS5178Y mouse lymphoma cells??? (n= 4), normal 
human diploid fibroblasts??? (n = 9) and human lymphoblasts??? (n = 4 Xy 
were combined and expressed as the induced frequency of mutants resistant 

to azaguanine, AG‘ (n = 27); thioguanine, TG” {n = 27); azaadenine, AA‘ 

(an =4); bromodeoxyuridine, BUdR’ (n=2). Abbreviations for the 

mutagens are given in Table 1. The linear regression line is given by the 

equation (log MF/M) = 1.03 (-log D) ~ 3.49, with a correlation coefficient Alkylating 
of 0.93. The dotted lines represent boundaries of the 95% confidence band agents 

for Y data points estimated from X. The physical mutagens were entered on 
the figure after calculating their potencies relative to EMS, based on the 
ratios of the number of lesions induced in the DNA of a cell at the D „ doses 
(UV-induced dimers*' and total ionisation lesions**) to the number of 
alkylations*? induced by EMS at its D,,. The ‘molar equivalent D., values 
were obtained by multiplying the D,, for EMS (6 x 10° “8 M) by the potency 
ratios for UV (0.18) and ionising radiation (1.4107). The ‘molar 
equivalent mutation frequencies’ were obtained by multiplying the MY 
geometric means of the observed mutation frequencies per D., for UV and 

ionising radiation by the respective molar equivalent D , Values. The 

calculated parameters were added to the graph, but were not included in the 

regression calculation. The lower detection limit of the assays (stippled area) 
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was estimated, assuming that (1) at frequencies below 107° induced muta- Alkylating 
tions per viable cell, statistically significant determinations of MF are agents 
generally not practical, and (2) the maximum feasible exposure dose is 
usually <10-fold higher than the D,_ concentration. PAH 
toxicity. We show here that the cytotoxic potency of 22 chemical 
mutagens js highly correlated with their mutagenic potency as 
assayed in five rodent and human in vitro cell systems. This NQO, UV 


relationship implies that the maximum potential mutagenic 
potency of such compounds may be reliably estimated from 
rapid and straightforward measurements of their cytotoxic 1076 1079 1074 1073 107? 
potency, the latter defined as the failure of cultured cells to 
undergo continued cell division. The estimate is necessarily a 
maximum one, as an agent may exert cytotoxic effects by 
pathways independent of its mutagenic action. 

A correlation between cell survival and mutagenic response 
has been noted for ionising radiation mutagenesis’ and also 





Mutation frequency per locus at the Da, dose 


Fig. 2 The induced frequency per viable cell (MF) calculated for 
the D,, exposure dose of the physical and chemical mutagens listed 
in Table 1. The loci include Agprt (AG', TG"), aprt (AA‘) and tk 
(BUdR’), as well as resistance to ouabain (OUAP) involving 


seems to be applicable to ultraviolet radiation and certain 
chemicals’. Roberts ef al. have discussed the molecular aspects 
of cellular lethality and mutagenesis in terms of damage to 
DNA*®. To test this relationship further, we have compiled data 
on the cytotoxicity and mutagenicity of the 24 chemical and 
physical mutagens listed in Table 1. As the measure of cytotoxic 


presumed lesions in the Na*~K*-ATPase enzyme (EC 3.6.1.3). 

The inner mark within the bars represents the geometric mean of 

data for all systems, with the range of reported values indicated by 

the ends of each bar. The arrows refer to the author's data for the 

Chinese hamster ovary multiple marker system’. According to the 

assumptions listed in Fig. 1, the lower limit for determining the MF 
at the D,, would be 10%. 
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Table 1 Compounds evaluated for mutagenic potency 
Compound n Ref. 
Alkylating agents 
Streptozotocin (SZ) 1217 
Dimethylnitrosamine (DMN) 2 23,31 
Ethyl methanesulphonate (EMS) 15 7,11~13, 15, 16, 26, 28, 
29, 35, 42 
Diethylsulphonate (DES) t 10 


N-methyl-N’-nitro-N-nitrosoguanidine (MNNG) 13 7, 9, 13, 17, 18, 21, 25, 
27, 34, 39, 40 


N-methyl-N-nitrosourea (MNU) 2 9, 40 
N-ethy!l-N-nitrosourea (ENU} 19 
2-(2-furyl)-3-(5-nitro-2-furyDacrylamide (AF-2) 2 27, 36 
N-ethyl-N’-nitro-N-nitrosoguanidine (ENNG) 19 
N-butyl-N-nitrosourea (BNU) 19 
Methyl methanesulphonate (MMS) 2 10,30 
Dimethylsulphate (DMS) 1 10 


Polycyclic aromatic hydrocarbons (PAH) 


Benzo(a)pyrene, diol epoxide (BPde) 1 24 
3-Methyicholanthrene (MC) 2 22 
Benzo(a)pyrene (BP) 3 20,22 
7,12-Dimethylbenz(a)anthracene (DMBA) 2 22 
7,Bromomethylbenz(a anthracene (MBA-7br) 1 19 
7,12-Dimethylbenz(a)anthracene, 5,6-oxide 1 37 
(DMBAox) 
Dibenz(a,h anthracene, 5,6-oxide (DBAox) 1 37 
Benzo(a)pyrene, 4,5-oxide (BPox) 1 37 


Frameshift mutagens 
Heterocyclic nitrogen mustard compounds (ICRs) 5 14, 40 


Physical mutagens 


X and y rays 4 2,6, 8, 32,33 

Ultraviolet irradiation (UV) 6 11, 13, 16, 26, 38, 41 
Miscellaneous 

4-Nitroquinoline-1j-oxide (NQO) 47 


n, Number of determinations evaluated for each compound (some at multiple 
genetic loct). 


induce more than approximately one forward mutation at a 
given locus per 100 cells surviving at the D3, dose. If this 
hypothesis is valid, this is a biological limit to mutagenic potency 
that is demonstrated by compounds whose cytotoxicity is due 
solely to mutational events. 

On the other hand, we believe the absence of points below the 
lower dotted line to be artefactual, representing the bias of 
reported mutagenesis studies for compounds whose ratio of 
mutagenicity to cytotoxicity is relatively high. There are 
compounds which would graph somewhere in this lower range; 
for example, a few derivatives of heterocyclic nitrogen mustard 
frameshift mutagens'*, a metabolite of a polycyclic hydro- 
carbon”, and an inhibitor of DNA synthesis** are highly toxic, 
but are apparently non-mutagenic in mammalian in vitro test 
systems. Also, certain chemicals yield multi-phasic cell survival 
curves that cast doubt on the validity of the D37 concept for these 
mutagens. The shaded area in Fig. 1 reflects values below the 
detection limit for the systems studied. The cytotoxicity data for 
non-mutagens would also fall within this range. Thus, the 
dynamic range for forward mutations in mammalian in vitro 
systems is approximately four orders of magnitude (from the 
lowest detectable level to the highest possible mutagenic 
potency at the D}, level of cytotoxicity). Compounds near the 
bottom of this range will presumably be of greater concern as 
cytotoxic agents than as mutagens. 

The relative mutagenicity of different compounds at a given 
cytotoxicity (Fig. 1) is not significantly related to the class of 
mutagen or the forward mutation marker scored. This is shown 
in Fig. 2, which displays the observed values of the mutation 
frequency per locus at the D,, dose for different classes of 
niutagens at different genetic loci. This variation is also not due 
to systematic differences among cell systems (data not shown). 

Cytotoxicity, as defined (Fig. 1), may result from genetic 
(DNA-related) and non-genetic mechanisms of injury. Agents 
that induce the highest mutation frequencies at the D3, dose 
may have the tightest coupling between genetic injury and 
lethality, that is, the cytotoxicity related to DNA damage pre- 
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dominates over other forms of general toxicity. Agents inducing 
lower mutation frequencies at the D, dose may produce a larger 
proportion of non-genetic injury. 

The remarkable similarity among mutation frequencies at 
equitoxic concentrations has been noted by others for several 
mutagens*ć 37, The correlation between cytotoxicity and 
mutagenicity need not be due solely to the same type of cellular 
damage causing both lethal and mutational events*; factors that 
influence the effective exposure of the cells to chemical 
mutagens (toxification, detoxification) may affect both end 
points proportionally. 

Additional data are needed to establish that partitioning of 
genetic and non-genetic toxicity induced by a mutagenic agent 
can be estimated from the magnitude of mutation induced at the 
D, dose. However, the data in Fig. 1 indicate that cytotoxicity 
as measured by the D,, dosage provides a quantitative estimate 
of potential mutagenicity. Where appropriate, more specific 
bioassays can then be applied to determine precisely the in vitro 
mutagenic potency. 

This work was performed under the auspices of the US 
Department of Energy by the Lawrence Livermore Laboratory 
under contract no. W-7405-ENG-48 and Interagency 
Agreements [AG-D5-E681-AN and AO with the Environ- 
mental Protection Agency. 
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Hyperdiploid species hybrids 
for gene mapping in Xenopus 


SPONTANEOUS endo-reduplication in the female germ line of 
hybrids has made it possible to produce several strains of 
isogenic Xenopus, providing one of the many features required 
of a laboratory animal’?. The usefulness of Xenopus in the 
laboratory, however, would be improved if a gene map were 
available. We report here that hybrids can also be used to define 
linkage groups and their assignment to chromosomes. Our 
method is based on the possibility of creating aneuploid Xenopus 
which are diploid for the chromosomes of one species but have 
supernumerary chromosomes of a second species*. This method 
complements those already available**, and has the advantage 
that because traits can be monitored in the whole animal, a large 
repertory of markers will be made available. l 

Figure 1 is a schematic presentation of how such animals are 
obtained, in this case for X. laevis xX. gilli hybrids. First 
generation hybrid females from this and other species combina- 
tions frequently produce diploid eggs from allotetraploid 
oocytes produced by endo-reduplication in the germ line. These 
oocytes have a complete set of bivalents from each parent 
species, synapsis being restricted to endo-reduplicated identical 
chromosomes’. Fertilised by sperm of one of the parent 
species, such eggs develop into triploid females (WZZ) because 
the female determinant W is dominant’®. Triploid oocytes of 
such backcross females show a diploid number of bivalents, 
presumably the two homologous sets of chromosomes, with the 
third genome consisting of univalents. No trivalents have been 
observed’.. The eggs thus contain a complete ‘haploid 
chromosome set of the. backcross spécies, X. laevis in our 
example, and, on the assumption of a random distribution of 
univalents, 0-18 chromosomes of the other species. Random 
distribution is indeed observed in the case of the easily recog- 
nisable nucleolus organiser chromosome. Fertilised again by 
X. laevis sperm, hyperdiploid embryos are obtained which are 


diploid for X. laevis but trisomic for a random selection of - 


X. gilli chromosomes. Most of these zygotes undergo abnormal 
embryogenesis and die*, but 1-3% of them reach adulthood. 

We have analysed 14 such hyperdiploid adults for karyotype 
and for the expression of X. gilli-specific characters. Antisera 
raised in X. laevis (as described elsewhere’) enabled us to 
detect by immunoelectrophoresis up to six X. gilli-specific Serum 
antigens (Fig. 2), one of which was the heavy chain of low- 
molecular weight immunoglobulin (7S, IgG-like). Antiserum 
B10 was made specific for X. gilli Ig by immunoabsorption; A84 
also contained antibodies against X. gilli Ig. We have not 
established the homologies between the serum proteins 
revealed by the different antisera. Two X. gilli-specific eryth- 


rocyte antigens were distinguished by lysis after iso-' 


electrofocusing of specific antibodies (antisera A38.and A39). 
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Haemagglutination with antiserum A37.revealed an additional l 
X. gilli erythrocyte antigen. Table 1 shows that- X. gilli Ig and the 
erythrocyte surface antigens segregated as unlinked characters. 
They were not linked with either the single serum protein 
revealed by antiserum A85.or with those revealed by antiserum 
A82. This is in agreement with results obtained on diploid 
backcross animals of clone LG 15 (ref. 11) where; in contrast to 
most other LG clones, there was recombination between X. gilli 
and X. laevis chromosomes’. Theses characters depend there- 
fore on genes on separate chromosomes. The lack of linkage 
between erythrocyte surface antigens Suggests that some of 
them may represent minor histocompatibility antigens rather 
than major ones. 

Chromosomes were prepared from phytohaemagglutinin- 
stimulated leukocyte ciltures’?..The karyotypes of both species 
are similar (2n =36) except for -a chromosome: pair with a 


Table 1 Number of supernumerary X. gilli chromosomes and occurrence of X. gilli-specific serum and erythrocyte antigens in a sample of 


hyperdiploid Xenopus hybrids 


T 


X. gilli specificities Control Hyperdiploid LL(G) anima! no. 
i LG 1 2 3 6 7 -8 9 10 11 12 13° 14 
Number of supernumerary 
chromosomes (18) 11 13 16 8 8 8 14 8 8 11 8 8 8 
Immunoglobulin heavy chain: 
` Antiserum B10 i + + + + + + + + + + — + + + + 
Number of erythrocyte antigens: 
Agglutination, antiserum A37 + + + + + + + + + + + -© = + + 
Lysis, antisera A38 + A39 2 2 2 2 2 2 2 2 Poe w2 2 0 1 1. 2 
Number of serum proteins: l ` 
Antiserum A82 , 3 1, 3 3 3 3 ; 3 3 3 3 0 0 3 3 
A83 6 6 6 S34 S 5 Ma 6 6 6 4 0 1 2 4 
A84 5 3 5 5 4 4 5 3 5 4- 2 5 Lz 
A85 1 ‘0 1 1 1 1 1 1 0 0 ; 0 1 _ 
. 
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secondary constriction specific for X. gilli 13. The chromosomes 
can be classified into seven groups (Fig. 2) on the basis of relative 
length and arm ratio’, but individual chromosome recognition 
requires differential staining. Whereas the total number of 
supernumerary chromosomes can be determined (Table 1), 
their assignment to groups remains uncertain. Nevertheless, the 
nucleolus organiser chromosome (group F) is easily recognised 
in both mitotic and interphase cells and can be excluded as a 
carrier of one of the characters checked so far. Acrocentric 
chromosomes can also be counted. Animals 9, 13 and 14 had 
only two supernumerary acrocentric chromosomes, thus, not 
more than two of the characters analysed may depend on group 
G chromosomes.The four specimens which were not trisomic for 
the chromosome of group D were also deficient for one of the 
X. gilli erythrocyte antigens, indicating the possible 
chromosome location of the corresponding gene. 

Some animals had a hypertriploid constitution due to failure 
of second meiotic division. Because the second meiotic division 
segregates chromatids, eggs which retain the second polar body 
contain a diploid set of X. laevis chromosomes as well as both 
chromatids of the X. gilli univalents distributed at meiosis I. 
Zygotes are, therefore, triploid for X. laevis and supernumerary 
for pairs of X. gilli chromosomes. Animal 12 had a bimodal 
chromosome number with 36 and 44 chromosomes. It is not 
certain whether the karyotype found in a given tissue is 
representative for the whole animal. Mosaicism could arise after 
non-disjunction during ontogenesis because the original zygotic 
constitution might be. improved through the loss of super- 
numerary chromosomes. 

It is striking that in spite of the variable degree of hyper- 
diploidy, most animals had most of the X. gilli characters 
studied. Was this attributable to redundancy of genes? Because 
several levels of ploidy occur in Xenopus, one might consider 
both X. laevis and X. gilli to be ancient tetraploids. Even a 
restricted number of supernumerary chromosomes could then 
contain one of the originally duplicated genes. This would also 
imply that activity of duplicated genes has been conserved 
during evolution and that our methods do not distinguish 
between the various alleles. It seems more likely that survival of 
aneuploids is better when animals are functionally hypotriploid 
rather than trisomic for only a few chromosomes. 


HANS RUDOLF KOBEL 
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Université de Genève, 
CH-1224 Geneva, Switzerland 
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Fig. 2 Immunoelectrophoretic 
analysis of the serum of eight 
hyperdiploid Xenopus hybrids with 
the antiserum A84. Serum samples 
in the wells from LL(G) animals 
nos. 4-13, and X. laevis (L) control. 
Antiserum A84 in the trough. 
Cathode to the left. Migration 
conditions: 1h, pH 8.6, 5mA per 
slide. Note the expression of only 
two X. gilli antigens, one of which is 
immunoglobulin (Jg, heavy chain) by 
animal no. 12, and 3 to 5 antigens by 
the other specimens. X. laevis 
control is negative. The karyotype of 
animal no. 5 shows groups (A~G) of 


similar chromosomes, super- 
numerary chromosomes on a second 
line. 
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17B8-Carboxamide steroids are a 
new class of glucocorticoid antagonists 


GLUCOCORTICOID hormones exert many of their effects by 
modifying the activity of certain enzymes in target tissues, 
probably as a result of alterations in gene expression’. Experi- 
mental models have been developed in which enzyme induction 
by various steroids correlates well with their anti-inflammatory, 
thymolytic and glycopexic properties. This is the case for 
tyrosine transaminase in cultured rat hepatoma (HTC) cells”. 
Studies in this system showed that, in addition to glucocorticoid 
agonists, partial agonists and antagonists could be identified’. 
The latter compete with agonists for binding to the intracellular 
glucocorticoid receptor but do not trigger the glucocorticoid 
effect®. Compounds which specifically antagonise glucocorticoid 
action at the target cell would be useful for the treatment of 
certain diseases characterised by excessive production of gluco- 
corticoids! and for further studying the molecular mechanism of 
action of these hormones. However, unlike anti-androgens and 
anti-oestrogens’, the only known glucocorticoid anatagonists 
are natural steroid hormones (such as progesterone and testos- 
terone) or their analogues, which interact with their own recep- 
tors and plasma binding proteins and are therefore not very 


© Macmillan Journals Ltd 1979 


Nature Vol. 279 10 May 1979 


1.0) 


B. 
B, As 
Ld 
0.4 A 
s 
A 
g 
h á Ped 
i | 10 100 1.000 10.000 
Competitor] [triamcinolone acetonide] 

40) x h 

30 $ 
l 
ve { M x | 0°) 
B 5 o 

20 


10 r 
{ g E 


LL bad 
r “aie 
-2 Q 2 4 6 Š t0 12 
j 
wee (M x 10% 
rí x ) 


Fig. 1 Glucocorticoid receptor binding of 178-carboxamide 
derivatives of dexamethasone. Livers from adrenalectomised male 
rats (Wistar, 250 g) were homogenised in buffer containing 20 mM 
Tris, 20 mM 2-mercaptoethanol, 3 mM MgCl, and 20% glycerol, 
pH 7.5. The homogenate was centrifuged at 105,000g for 2h to 

ield the cytosol. Cytosol aliquots were incubated with [1,2,4(n)- 

H]triamcinolone acetonide (28Ci mmol’, Radiochemical 
Centre), After 2h at 0°C, specific binding to the glucocorticoid 
receptor was determined in duplicate by charcoal adsorption 
assay’. a, Inhibition of binding of 35 nM triamcinolone acetonide 
by increasing concentrations of dexamethasone and four of its 
derivatives (for nomenclature, see Table 1). Ordinate: ratio of 
binding of *H-labelled triamcinolone acetonide in the presence of 
competitor (B) to binding in the absence of competitor (Bo). 
Abscissa : concentration ratios. (1, Dexamethasone; A, DXB; ©, 
DXP; A, DXN; @, DXO. b, Double-reciprocal plot of the specific 
binding (B) of triamcinolone acetonide at various concentrations 
(F), in the absence of competitor and the presence of a constant 
concentration of competitors. A, 0.25 uM DXB: A, 1 uM DXN: 

O, 0.5 M DXP; 0, no competitor. 


specific. We report here that new derivatives of dexamethasone, 
a specific glucocorticoid agonist which does not bind to rat or 
human plasma transcortin’, can block the induction of tyrosine 
transaminase in HTC cells. 

The novel steroids listed in Table 1 were synthesised and 
purified in our laboratory (P.F. and P.L., in preparation). They 
include the 178-carboxylic steroids obtained by periodic oxida- 
tion of cortisol, corticosterone and dexamethasone, respec- 
tively, and seven 178-carboxamide derivatives. The possible 
interaction of these steroids with the glucocorticoid receptor was 
studied in liver cytosol from adrenalectomised rats, using as 
specific ligands *H-labelled dexamethasone or triamcinolone 
acetonide, both synthetic agonists. Even at a 1,000-fold excess 
the 178-carboxylic compounds DCAC, HCAC and DXO (see 
Table 1 for structures) barely inhibited binding of the `H- 
labelled steroids. However, after coupling the 178-carboxyl 
group of DXO with various amines, clear inhibition by these 
dexamethasone derivatives was observed (Fig. la). The ben- 
zylamine-substituted compound DXB was the most active, a 
10-fold excess being sufficient to produce a 50% reduction in the 
binding of the potent glucocorticoid, triamcinolone acetonide 
(Fig. la). This phenomenon was further investigated using 
different concentrations of radioactive ligand. Double-recipro- 
cal plots suggested that the 178-carboxamide derivatives 
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inhibited binding of triamcinolone acetonide to a homogeneous 
population of receptor sites in a competitive manner. 
Representative experiments are shown in Fig. 1b. The order of 
affinity was DXB>DXH>DMP>DXP>DXM>DXN> 
DCACP > DXO, with an equilibrium dissociation constant for 
DXB (0.8-1.1 x 1077 M) as high as that of corticosterone, the 
natural glucocorticoid in rats. 

One might therefore predict that some of the dexamethasone 
derivatives would mimic the action of dexamethasone on 
tyrosine transaminase activity in HTC cells. Surprisingly, in 
conditions where dexamethasone produced a 10-15-fold 
increase of tyrosine transaminase activity, neither of the 178- 
carboxamide steroids at concentrations up to 104M 
significantly modified the baseline activity of this enzyme 
(shaded bars in Fig. 2a). However, when assayed for receptor 
binding in HTC cell cytosol, the synthetic steroids competed 
with “H-labelled dexamethasone as they did in rat liver extracts. 
The order of affinity was the same. Tyrosine transaminase 
induction experiments were therefore carried out in which HTC 
cells were incubated with mixtures of dexamethasone and 178- 
carboxamide steroids. We found that, although devoid of 
intrinsic glucocorticoid activity, DKH and DMP could inhibit 
the stimulating effect of dexamethasone on tyrosine trans- 
aminase by more than 85% (open bars, Fig. 2a). DXB was 
slightly less inhibitory than DXH because it had a very small 
agonist activity of its own. The other steroids also antagonised 
the glucocorticoid effect, in keeping with their affinity for the 
HTC receptor (Fig. 2a). The latter observation suggests that the 
inhibition of tyrosine transaminase is not a nonspecific action of 
high concentrations of the dexamethasone derivatives, Data in 
Fig. 26 support this interpretation, as it shows that the anti- 
glucocorticoid effect is dose dependent and that the order of 
potency of the inhibitors is consistent with their affinity for the 
HTC receptor. 

Unlike natural corticosteroids, their 9a-fluoro-derivatives do 
not bind to transcortin, the plasma corticosteroid-binding 
globulin. We examined whether this difference was maintained 
after carrying out the 178-substitutions described here. Plasma 





Table 1 Natural and synthetic steroids used in this study 





LO 
O r 
Compound” l -ene R, R, R R; 
Cortisol — H H OH CH OH 
DCAC ne H H OH OH 
DCACP ~ H H OH NH-(CH2).~CH, 
Corticosterone = H H H CH OH 
HCAC == H H H OH 
Dexamethasone + F CH, OH CHOH 
DXO + F CH, OH OH 
DXM + F CH, OH NH-CH, 
DXP + F CH, OH NH-(CH)-CH; 
DXN + F CH, OH NH-~(CH}).-NH 
~(CH2)2-CH, 
DXH + F CH; OH NH-(CH).-CH, 
DXB + F CH; OH NH-CH2-C,Hs 
Desoximethasone + F CH; H CH,OH 
DMP + F CH, H NH-(CH2).-CH; 
Triamcinolone + F OH OH CHOH 
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* Trivial names and abbreviations used in text and figures. 
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Fig. 2 Anti-glucocorticoid activity of 178-carboxamide deriva- 
tives of dexamethasone (DX). Rat hepatoma tissue culture (HTC) 
cells were resuspended in serum-free medium containing 
0.1% (w/v) bovine serum albumin and incubated at 37 °C for 16h 
in the absence of steroid or in the presence of 10M 
dexamethasone to determine, as described previously”, the maxi- 
mum tyrosine transaminase activity of the culture. The latter was 
11.4-23.7 mU per mg protein, depending on the experiment, 
whereas it was 1.7-2.3 mU per mg protein in untreated cultures. 
Parallel cultures were also exposed to the other steroids, alone or in 
combination (for nomenclature, see Table 1). a, Shaded 
bars: cultures exposed to 10 uM of a single steroid, as indicated. 
Open bars: cultures exposed to 25 nM dexamethasone alone (first 
bar on the left) or in combination with 10 uM of the steroid 
indicated. Values given are the range obtained from two to four 
experiments. b, Effect of varying concentrations of the three most 
potent 178-carboxamide derivatives on tyrosine transaminase 
activity in cultures exposed to 25 nM dexamethasone. A, DXB; O, 
DXH; @, DMP. 


from adrenalectomised rats was incubated with °H-labelled 
corticosterone and binding to transcortin determined as 
described elsewhere’. We found that a 1,250-fold excess of 
HCAC, DCAC and DCACP inhibited corticosterone binding 
by 94, 77 and 71%, respectively, whereas the 9a-fluoro-deriva- 
tives had either no effect or inhibited the binding by only 6-9% 
(DXB, DXN). 

Our results show that glucocorticoid antagonists which bind to 
the receptor with high affinity can be derived from the synthetic 
agonists dexamethasone and, desoximethasone. Some of the 
binding properties of these novel steroids are consistent with 
structure—activity relationships previously defined for the HTC 
cell glucocorticoid receptor’. First, the data confirm the 
importance of the steroid side chain in assigning both the 
potency (affinity for the receptor) and the activity class (agonist 
or antagonist). We now find that the loss of potency on removal 
of the carbon atom in position 21 can be partially restored by 
coupling various amines at this position. Crystallographic data 
(M, Devos, P.F. and P.L., unpublished) make it unlikely that the 
nitrogen atom could substitute for the oxygen atom of the 
21-hydroxyl group as an acceptor in a putative hydrogen bond 
with the receptor. Rather, binding of the 178-carboxamide 
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steroids would involve the hydrophobic interaction of the new 
side chain with the receptor site, as the affinity increases with 
increasing hydrophobicity of the amine. However, other substi- 
tuents on the steroid skeleton retain their typical influence on 
the binding: DCACP and DXP have a potency ratio similar to 
that of the parent compounds cortisol and dexamethasone. 
Also, the fact that DMP has a greater affinity than DXP shows 
that the 17a-hydroxyl group has the same unfavourable effect 
on the binding to the HTC receptor in 178-carboxamide 
derivatives as in the pregnene series’. The persistence of this 
effect in the absence of a C-21 carbon atom suggests that it could 
result from a specific influence of the 17a-hydroxyl group on the 
orientation of the Czo ketone as suggested earlier’. Finally, our 
results show that conversion of an agonist into an antagonist is 
compatible with modifications (1-2 unsaturation; 9a-fluor-, 
16a-methyl- and 116-hydroxyl-substitutions) which promote 
high affinity for the receptor and/or prevent the steroid from 
binding to plasma transcortin and to cellular proteins other than 
the receptor. This has important implications for the develop- 
ment of more potent anti-glucocorticoids and receptor-specific 
ligands possessing chemically reactive functions which would be 
very useful for receptor purification by affinity chromatography. 
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recipient of grants from the Belgian Foundation for Scientific 
Medical Research (3.4514.75) and the Ford Foundation 
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Guinea pig prostate is 
a rich source of nerve growth factor 


NERVE GROWTH FACTOR (NGF) is essential for the 
development of sympathetic nerve cells’. The richest known 
source of NGF is the submaxillary gland of the adult male 
mouse”, and NGF from this source has been completely purified 
and thoroughly characterised”. The active entity (B-subunit) is a 
protein comprising a dimer of identical 118-residue chains*”. 
Another form of mouse NGF, the 2.5S form, has been isolated® 
and shown to differ from the 8 entity in that some of the 
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monomeric chains have undergone enzymatic cleavage of the 
amino-terminal octapeptide and carboxy-terminal arginine 
residues’’*”°, The .2.5S dimer therefore contains both 118- 
residue chains and shortened chains. The salivary gland of the 
mouse seems to be unique in that the corresponding glands of 
the ‘rat, guinea pig, cow, pig, rabbit and man contain no 
NGF" 41° No other clearly characterised source of NGF in 
mammalian tissue in vivo has been reported. We now report a 
new, rich source of NGF—the prostate glands of the adult male 
guinea pig. 

NGF activity in soluble extracts of guinea pig prostate glands 
(dorsal and ventral lobes) was measured using a biological 
assay '*~** in which the NGF content of a tissue is assessed by the 
ability of an extract to promote the outgrowth of nerve fibres 
from explants of dorsal root ganglia from 8-d chick embryos 
cultured for 24h in specified conditions. The assay gives the 
NGF concentration in terms of a biological unit (BU), defined as 
the amount of NGF required to produce optimum fibre out- 
growth. Assuming the same specific activity for guinea pig 
prostate and mouse submaxillary NGFs, the guinea pig gland is 
found to contain 1.8+0.5 mg NGF per g wet weight (mean+ 
s.e.m., range 340—9,925 ug, n = 22). This organ therefore seems 
to be of similar potency to the mouse submaxillary gland. The 
levels in the latter organ (0.3 to 5 mg NGF per g wet weight) are 
known to vary according to the strain of mouse’’ and the 
extraction procedure. 

Both whole antiserum and antibodies purified by affinity 
chromatography’® against mouse submaxillary gland NGF were 
able to inhibit completely the biological-activity of the prostate 
extracts in tissue culture (see ref. 17). The amounts of pure 
antibody required to block 1 BU ml" in vitro of purified mouse 
NGF and crude extracts of prostate glands were not significantly 
different (0.62-1.25 ug ml and 0.31-0.62 wg ml’). 

Extracts of guinea pig prostate gland were tested by 
immunodiffusion against antiserum to purified mouse NGF (Fig. 
1), and thereby compared with mouse NGF. The interaction of 
the precipitin lines shows that there are antibodies that recog- 
nise determinants common to both mouse and guinea pig NGFs, 
but that the mouse antigen has determinants not present in the 
guinea pig NGF (spur formation). This implies that a substantial 
proportion (note length and intensity of spurs) of the antibodies 
recognise mouse but not guinea pig NGF. The common anti- 
genic sites may be related to the biologically effective site(s) of 
the proteins, the structure of which might be expected to be 
conserved, while the other part(s) of the molecule may be more 
variable between species. 

The NGFs were also compared by immunoprecipitation with 


purified antibodies against mouse NGF, followed by SDS-gel. 


electrophoresis (Fig. 2). Mouse submaxillary glands and guinea 
pig prostate glands were extracted in the presence of enzyme 
inhibitors (see Fig. 2 legend) to prevent the enzymatic cleavage 
of NGF in the crude extracts. In these conditions, most of the 
mouse NGF remains as the 6-subunit (molecular weight of the 
monomer 13,259, refs 3-5), although a significant proportion 
exists in the 2.5S form in spite of the presence of enzyme 
inhibitors. (The SDS gel shows both the 118-residue monomers 
from the £ and the 2.5S forms and the shorter monomers from 
the 2.5S NGF alone.) The greater intensity of the higher mole- 
cular weight band indicates that the 8 form predominates. In 
contrast, the guinea pig NGF shows a single band in the same 
position as that of the 118-residue monomer from mouse NGF. 
Omission of enzyme inhibitors during homogenisation gives rise 
to an increase in the proportion of the 2.5S form of mouse NGF 
while the guinea pig material remains as the B-subunit. Of 
several possible explanations, two obvious ones are either that 
the guinea pig factor is less susceptible to enzymatic cleavage or 
that the appropriate proteases are present at lower levels in the 
prostate gland. 

The levels of NGF in the guinea pig prostate gland have also 
been estimated using a two-site radioimmunoassay based on 
purified antibodies against mouse NGF'®. The radioimmuno- 
assay and biological assay results were in reasonable agreement, 
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around 35% of the levels expected from the biological 
assay being detected. The major cause of the discrepancy seems 
to be the use of antibodies raised against mouse NGF, 
only some of which recognise guinea pig NGF (see immuno- 
diffusion results), and the capacity of the radioimmuno- 
assay system is thereby substantially reduced. Details of the 
use of the radioimmunoassay to measure NGF from species 
other than the mouse will be published elsewhere. 

The observation that only a certain proportion of the anti- 
bodies to mouse NGF recognise guinea pig NGF contrasts with 
the similarity of the amount of antiserum required to block 1 BU 
of guinea pig NGF in vitro to the homologous titre. This could be 
due either to differences in the specific activities of the factors 
from the two sources or, possibly, to differences in the relation- 
ship between the antigenic sites and the sites associated with 
biological activity. 

The significance of the presence in the accessory sex organs of 
agents with such: potent effects on the sympathetic nervous 
system is not clear, but it is possible that the NGFs have a 
physiological role. unconnected with, and in addition to, their 
effects on neuronal tissues. The levels of NGF in the mouse 
submaxillary gland show a well characterised developmental 
increase” and a marked sex difference’®!. A similar situation 
seems to apply in the reproductive system of the guinea pig. The 
high levels of NGF in vivo thus appear after the development of 
the sympathetic nervous system?” 73 and in the absence of any 
significant sexual dimorphism in the responsive neuronal 
tissues’**:*°. The actions of NGF on the’ sympathetic nervous 
system may require’ only low levels of the agents, which are 
attained (although not necessarily detected with the assays 





Fig. 1 Comparison of guinea pig and mouse NGFs by 
. immunodiffusion. Wells 1,3,5:20 wl of an extract of guinea pig 
prostate gland, containing 240 ug NGF per ml (by biological 
assay). The tissue extract was prepared in distilled water and the 
lyophilised material was further extracted in 50 mM ammonium 
acetate/acetic acid buffer pH 4.0, containing 1mgml™ bovine 
serum albumin, 200 pg ml~ sodium azide, 50 pg ml~’ pancreatic 
trypsin inhibitor and 5 mM phenylmethanesulphonyl fluoride. The 
solution was centrifuged (22,000g, 30 min) to remove insoluble 
material, returned to pH 7.2 with NaOH, centrifuged again to 
clarify, and stored at —70°C. This procedure removed many 
proteins from the crude extract but all the NGF was recovered, as 
judged by biological and radioimmunological assays. Wells 
2,4,6:20 pl of a solution (in 50 mM tris-HClI buffer pH 8.5) of 
purified mouse NGF’®, at a concentration of 250 ug NGF per ml. 
-Well 7:20 wl of a solution (in 50 mM Tris-HCl buffer pH 8.5) of 
lyophilised sheep antiserum to mouse NGF!’ (60 mg ml~’). 
` Immunodiffusion plates were made up of 0.4% agarose containing 
0.1% Thimerosal. Plates were incubated at 20°C in a humidified 
atmosphere for 48 h, washed for 5 d in 150 mM NaCI solution to 
remove non-precipitated proteins, stained for 1-2h in 0.25% 
Coomassie brilliant blue in 150 mM saline, destained for 3d in 
150mM saline, and photographed. An identical result was 
obtained when wells 2, 4 and 6 contained an extract, prepared as 
described above, of mouse submaxillary gland, containing 160 pg 
NGF per ml. 
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Fig. 2 SDS-gel electrophoresis of immunoprecipitates of guinea 
pig and mouse NGFs. Two guinea pig prostate glands (7 ml) and 
two mouse submaxillary glands (5 ml) were homogenised with a 
Potter ground glass homogetiiser in the volumes shown of 50 mM 
Tris-HCl buffer pH 7.4 containing 1% Triton X-100, 300 pg ml” 
phenylmethanesulphonyl fluoride, and 20 pg ml~' pancreatic 
trypsin inhibitor. Homogenates were centrifuged at 22,000g 
(30 min) and stored at —50°C until required; the supernatants 
were recentifuged at 25,000g for 20min after thawing and 
immediately before use. 100 wl of guinea pig extract and 60 pl 
mouse extract were incubated overnight at 4 °C with 10 pl Nonidet 
P40 detergent, 250 and 230 ul respectively of a solution (in 50 mM 
Tris-HCl buffer pH 7.2, containing: 150mM NaCl) of purified 
sheep antibodies!" to mouse 2.5S NGF (0.73 mg antibodies per ml) 
and Tris-NaCl buffer to a final volume of 400 yl. Pilot experiments 
determined that these ratios of antigen to antibody were at the 
equivalence point. Immunoprecipitates were collected by centri- 
fugation at 15,000g for 10 min and washed three times with 500 pl - 
Tris-NaCl buffer containing 2.5% (v/v) Nonidet P40. The 
immunoprecipitates were then dissolved in the sample buffer for 
electrophoresis (15% glycerol, 5% 2-mercaptoethanol, 2.25% 
SDS, 0.01% bromophenol blue and 0.0625 M Tris-HCI buffer 
pH 6.8)’ by heating at 90°C -for ‘10min. The solubilised 
immunoprecipitates were subjected to SDS-15% polyacrylamide 
gel electrophoresis according to the method of, Laemmli””. The 
slab gel was performed in an apparatus similar to that described by 
Studier*”. The slab gel was stained with 0.25% Coomassie brilliant 
blue in methanol acetic acid water (5: 1:5 by volume) solution and 
destained in the same solution. (i), (ii), Top and bottom respectively 
of the SDS-polyacrylamide gel; (iii), bromophenol blue front. a, 
Immunoglobulin heavy chains; b, immunoglobulin light chains; c, 
position of the intact monomer of mouse £ and 2.5S NGF, and of 
the guinea pig NGF; d, position of the smaller monomer from 
mouse 2.5S NGF. 1, Purified mouse NGF, 4 yg. Both chains are 
entirely converted to the smaller chain, as found in 2.58 NGF, 
when NGF is purified according to ref. 18. 2, Mouse NGF 
immunoprecipitate. 3, Guinea pig NGF immunoprecipitate. 4, 
’ Purified mouse NGF 2 pg (as above). ` 


presently available) in developing (and female) animals. 
Another, possibly sex-linked, function is conceivable for these 
proteins, for which very high levels of NGF are required. 
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From a practical point of view, the high levels of NGF in the 
guinea pig prostate gland make this source an attractive alter- 
native to the male mouse submaxillary glands. Interestingly, in 
view of the appearance of an epidermal growth factor (EGF) in 
the mouse submaxillary gland together with the NGF’®, pre- 
liminary studies indicaté that the guinea pig prostate gland could 
be a source of EGF of a potency comparable with or greater than 
the mouse submaxillary gland. 
` We thank Professor M. Schachter, Dr Barbara Banks, Dr F. 
L. Pearce and Professor H. Thoenen for valuable discussions. 
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Lipidic intramembranous particles 


THE nature of intramembranous particles has recently been 


discussed in relation. to the mode of freeze fracturing™”. It has 


been argued that particles that do not show complementarity 
(complementary pits on the opposite’ fracture face) are a 
reflection of protein penetrating the membrane. The protein 
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Fig. 1 An equimolar mixture of egg-lecithin, isolated according 
to established procedures, and cardiolipin (bovine heart cardio- 
lipin) with a Ca?*/cardiolipin molar ratio of 0:1 is dissolved in 
ether and injected according to the method described by Deamer 
and Bangham” in a buffer containing 150 mM NaCl and 25 mM 
Tris, pH 7.5. The purity of the lipids was found to be at least 99% as 
evidenced by TLC on silica-gel G using the elution system chloro- 
form/methanol/acidic acid (93:30:12). Shadowing direction is 
indicated by arrows. x 52,000. 


giving rise to an intramembraneous particle is plastically 
deformed during the fracturing procedure and is probably 
pulled out to one of the two fracture faces. Moreover we have 
argued that particles showing complementarity (pits) are pos- 
sibly of lipidic origin. This latter hypothesis was mainly based 
on the determination of the nature of the intramembranous 
particles of the outer membrane of Escherichia coli. These 
complementary particles were shown to be determined by lipo- 
polysaccharide**. We show here that lipid can by itself form 
intramembranous particles showing complementarity and that 
these particles may be inverted micelles of phospholipid 
sandwiched between lipid monolayers. 

To test the hypothesis that lipid can give rise to intramem- 
branous particles with complementary impressions on the 
opposite fracture face, we have studied primarily lipids that can 
exist in non-bilayer phases. Good candidates are phos- 
phatidylethanolamines from natural sources’ and especially 
cardiolipin in the presence of Ca** (ref. 6) which can form the 
hexagonal phase II. 

Recently we have shown that the transition of cardiolipin 
from the bilayer configuration to the hexagonal phase by addi- 
tion of Ca** occurs by an intermediate phase of particles about 
70 A in diameter, as visualised by freeze fracturing’. This 
intermediate phase is characteristed by the *'P NMR spectrum 
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which indicates isotropic motional averaging. This phase, which 
exists at Ca**-cardiolipin ratios below 0.6, can be interpreted as 
inverted micelles, that is particles with hydrophilic cores and 
hydrophobic edges. 

To see whether such inverted micelles can form intramem- 
branous particles we have prepared model membranes of an 
equimolar mixture of lecithin and cardiolipin at a low Ca” 
cardiolipin ratio as described in Fig. 1 legend. 

Freeze fracturing shows fracture faces of bilayers organised 
predominantly in large unilamellar structures. Also some multi- 
lamellar structures are found. On the fracture faces of these 
bilayers particles of a rather uniform size are present. The mean 
diameter is 100 A (s.d. 14 A; N = 100). The pits are about 30 A 
smaller. Fracture faces bearing exclusively particles or 
exclusively pits are found (Fig. 1a) but also fracture faces with 
both particles and pits can be observed (Fig. 15). If Ca?* is 
removed by EGTA extraction, neither particles nor pits are 
observed—only smooth fracture faces. On the other hand excess 
Ca** results in a homogeneous conglomerate of globules about 
100 A in diameter. (These latter results will be published in 
detail elsewhere.) 

The most important conclusion that can be drawn from these 
observations is that lipid by itself can form intramembranous 
particles and that such particles show complementarity. These 
particles might arise from invaginations of the bilayer, but this is 
unlikely as one should expect a variation in the size of particles 
and consequently in the size of the pits, which is not the case. In 
our opinion these particles represent inverted micelles of phos- 
pholipid sandwiched between lipid monolayers. 
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The role of spectrin in 
erythrocyte membrane- 
stimulated actin polymerisation 


PROTEINS on the cytoplasmic surface of the erythrocyte 
membrane, including spectrin and actin, are postulated to 
comprise the red cell cytoskeleton’, but little is known about 
the role of actin or its association with the membrane. We have 
reported that monomeric (G) actin added to erythrocyte ghosts 
selectively associates with a component at the cytoplasmic sur- 
face of the membrane**. We now show that this component is 
unlikely to be spectrin and that actin binding occurs by stimu- 
lated actin polymerisation. 

Large amounts of added G-actin bind to the cytoplasmic 
surface of unsealed ghosts, but little or none binds to sealed 
ghosts or spectrin—actin-depleted inside-out vesicles**. After 
spectrin—actin-depleted inside-out vesicles (referred to here 
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Fig. 1 Actin binding to vesicles reconstituted by preincubation with spec- 
trin. Unsealed, spectrin~actin-depleted inside-out vesicles were prepared 
from ghosts” of freshly drawn human erythrocytes by one wash in ice-cold 
0.3 mM sodium phosphate buffer, pH 7.6, incubation for 40 min in 40 
volumes of 0.3 mM sodium phosphate buffer at 37°C and two washes in 
ice-cold 0.3 mM sodium phosphate buffer. Crude spectrin (primarily spec- 
trin, actin and band 4.1) was prepared by extracting ghosts in 0.3 mM sodium 
phosphate buffer, 37 °C and phosphorylated by incubating 1 mg spectrin in 
iml of 100mM NaCl, 10mM Tris pH 7.4, 5mM MgCl, 50 uM ATP 
containing 1 pCi of ? *p-ATP and 200 ug erythrocyte kinase ? at 37°C for 
30 min. Saturation of ““P incorporation occurred after ~20 min. (33 mol 
PO4 per mol spectrin in this experiment.) After phosphorylation, the 

P-spectrin was purified on a sucrose density gradient’ (similar results were 
obtained using spectrin which was phosphorylated after gradient 
purification). Vesicles (0.3 mg protein per ml) were incubated for 1 h on ice 
with the indicated concentrations of spectrin in 20 mM KCI, 2 mM MgCh, 
5 mM sodium phosphate pH 7,6, and 0.75 mM 8-mercaptoethanol, washed 
once and resuspended in this same medium to a protein concentration of 
0.25 mg ml” *, Control experiments confirmed that the amounts of crude, 
pure or phosphorylated pure spectrin which bound to vesicles were compar- 
able when they were added at the same concentration (~60 pg per mg 
vesicle protein and 90 ug per mg for added spectrin concentrations of 10 and 
40 ug ml7! respectively). Preparation of [7H]G-actin from rabbit skeletal 
muscle and quantification of “H-actin binding as described previously”. 
Briefly, 40 u ml! [7H]G-actin was incubated in a volume of 0.8 ml with 
0.25 mgm! ` membrane protein in 20 mM KCI, 5 mM sodium phosphate 
pH 6.5, 2 mM MgCl», 1 mM ATP and 0.75 mM @-mercaptoethanol (actin- 
binding buffer) on ice for 1 h. Samples were layered on 0.2 ml of 20% w/v 
sucrose (made in actin-binding buffer) in 0.5 ml polyethylene microfuge 
tubes, centrifuged at 18,000 r.p.m. for 25 min in a Sorvall $$34 rotor and the 
tips, containing the membrane pellet, frozen in liquid Nz, cut off, placed in 
10 ml of scintillation fluid and counted for “H. No ~H-actin sedimented 
through the sucrose in the absence of membranes in any of the conditions 

studied. 


Control 
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These results show that some component of crude spectrin 
other than spectrin itself, can stimulate actin binding to red-cell 
membranes. We propose that this stimulated binding occurs as a 
direct result of induced polymerisation of the added G-actin 
because: (1) actin binding depends on the presence of Mg. (2) 
Actin binding is non-saturable. (3) Actin binding can be pre- 
vented by DNase I and cytochalasin B^. (4) Actin binding is 
accompanied by terminal phosphate hydrolysis from the tightly 
bound ATP of the actin molecule’, a hallmark of actin polymer 
formation. In addition, we have shown that vesicles recon- 
stituted with crude spectrin and subsequently incubated with 
G-actin become covered with actin filaments which emanate 
from their surface’. Decoration of these filaments with heavy 
meromyosin (Fig. 3) reveals that they all have the same polarity, 
arrow heads pointing towards the membrane, indicating that 
although polymerisation is nucleated by the membrane, growth 
proceeds at the free, distal end of the filament’. Thus, the 
polarity of the filaments is opposite to that seen in situ in other 
cell types ™". 

In line with our conclusion that crude spectrin stimulates actin 
binding to vesicles by polymerisation, we have used a novel 
microassay for actin polymerisation®'* and found that crude. 
spectrin can stimulate actin polymerisation in solution, whereas 
purified spectrin, whether phosphorylated or not, does not 
stimulate actin polymerisation. This suggests that there is a 
direct relationship between polymerisation-inducing capacity 
and stimulation of actin binding to membranes. 

Our attempt to define the components of crude spectrin 
responsible for stimulating actin binding requires further 
exploration, as the gradient fraction capable of stimulating 
binding contains all three of the major components of crude 
spectrin (spectrin, red-cell actin and band 4.1). Their presence 
near the bottom of the gradient suggests that they may be 
associated in a supramolecular complex migrating with a sedi- 
mentation coefficient considerably greater than any of the pro- 
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simply as vesicles) were reconstituted with crude spectrin (pri- 
marily spectrin, actin and band 4.1; for nomenclature see ref. 1), 
their ability to bind added G-actin became nearly equal to that 
of unsealed ghosts’. As the major component of crude spectrin is 
spectrin itself, we tested the ability of the purified protein to 
stimulate actin binding (Fig. 1). Crude spectrin was effective at 
stimulating actin binding to inside-out vesicles at low concen- 
trations, but purified spectrin had little or no effect, even when 
added in concentrations sufficient to saturate the spectrin bind- 
ing capacity (ref. 6, and our unpublished data) of the vesicles. 

As the interaction of spectrin and actin has been reported to 
be sensitive to spectrin’s state of phosphorylation’, we con- 
sidered the possibility that the purified spectrin was inactive 
because it had become dephosphorylated. However, recon- 
stitution of vesicles with phosphorylated spectrin did not stimu- 
late actin binding (Fig. 1). 

The ability of crude, but not purified spectrin to stimulate 
actin binding prompted us to explore the possibility that some 
component of crude spectrin other than spectrin itself was 
responsible for this effect. Crude spectrin was centrifuged on a 
12-ml linear 5-20% sucrose gradient which was fractionated 
into 14 aliquots. Samples of vesicles were reconstituted with 
each of the gradient fractions and tested for their ability to bind 
added G-actin (Fig. 2). The only fraction capable of stimulating 
binding was found near the bottom of the gradient and 
contained spectrin, red-cell actin, and band 4.1. The ability of 
this fraction to stimulate binding was less than an equivalent 
amount of crude spectrin, indicating some loss of stimulatory 
activity during purification. 





Bound *H-G-actin (A) 


(ug per mg membrane protein) 





Fraction no. 


Fig. 2 Stimulatory effect of spectrin gradient fractions on actin binding by 


vesicles. Crude spectrin was centrifuged on a 5-20% sucrose gradient as 
described in Fig. 1. The gradient was fractionated, and 200-l aliquots of 
each fraction were incubated in 1 ml of 20 mM KCl, 2 mM MgCl, 5mM 
sodium phosphate pH 7.6, 0.75 mM 8-mercaptoethanol containing spec- 
trin-actin-depleted inside-out vesicles (0.3 mg protein) for 1h at 4°C., 
Samples of vesicles reconstituted with each of the gradient fractions were 
washed once and resuspended in this same buffer to 0.25 mg protein per mi 
and tested for actin binding as described in Fig. 1. The absorbance. of each 
gradient fraction (solid line) and actin bound by vesicles reconstituted with 
that fraction (dashed line) are plotted. 5% SDS polyacrylamide gels”” of 
selected gradient fractions are shown above the corresponding fraction 
numbers, the gel to the far right being the crude spectrin. 
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Fig. 3 Electron micrograph of negatively stained inside-out vesicles 
reconstituted with crude spectrin, incubated with G-actin and subsequently 
decorated with heavy meromyosin. Spectrin—actin-depleted inside-out 
vesicles were reconstituted with crude spectrin (40 ug ml H) and incubated 
with 40 pg ml ' G-actin as described in Fig. 1. After incubation for 20 min 
with the actin, the vesicles were sedimented through 20% w/v sucrose to 
separate them from unbound actin and applied to a formvar-coated grid. The 
grids were rinsed three times with 0.6 M KCI, 10 mM Tris pH 7.6 followed by 
application of 0.2 mg mi! heavy meromyosin in the same medium. Grids 
were stained with 1% uranyl acetate, «230,000, 


teins separately, but each of these proteins may be capable of 
forming multimeric associations with itself (spectrin is known to 
form tetramers and actin to form filaments). One or both of 
these factors may contribute to the formation of the active 
complex, but the presence of actin in the complex is of special 
significance because small quantities of purified F-actin, when 
reconstituted onto vesicles by the method used for crude spec- 
trin or the gradient fractions, can stimulate the subsequent 
binding of added G-actin. Moreover, when purified F-actin is 
added to G-actin in solution at actin concentrations and solvent 
conditions identical to those used in our binding studies, rapid 
and extensive actin polymerisation takes place (data not shown). 
These findings suggest that crude spectrin and the active 
gradient fraction may contain F-actin, or actin aggregates, which 
are responsible for the polymerisation-related binding of added 
G-actin. This conclusion can be reconciled with the fact that 
unmodified red-cell ghosts and crude spectrin do not contain 
structures identifiable as F-actin by proposing that the actin on 
the membrane, and as extracted in crude spectrin, exists in small 
aggregates or proto-filaments consisting of three to five 
monomers. Such F-actin aggregates may be highly efficient in 
promoting filament formation in the presence of an excess of 
G-actin’*, both in solution and when bound to red-cell 
membranes, and would allow red-cell actin to be bound and 
distributed in a homogeneous and apparently amorphous 
manner over the membrane surface. 

Our hypothesis of membrane-bound actin aggregates can 
explain the membrane-induced actin polymerisation observed 
with ghosts and reconstituted inside-out vesicles, as well as 
crude spectrin-induced actin polymerisation in solution. Our 
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observation that purified spectrin has none of these activities, 
however, contradicts the results of Pinder et al.”, who measured 
viscosity changes and concluded that phosphorylated spectrin 
can induce actin polymerisation in solution. To reconcile our 
observations with those of Pinder et al., we suggest that their 
spectrin, which was chromatographed on Sephadex G-200, 
contained red-cell actin aggregates which induced the poly- 
merisation of added G-actin. Observations by other workers’® "7 
provide clear evidence that spectrin prepared from the void 
volume fractions of this or other large-pore gels will be 
contaminated by small quantities of actin and other proteins. 
The effect of spectrin phosphorylation on actin viscosity might 
be to induce the cross-linking of adjacent filaments which had 
already been formed. 

This research was supported by grants NIH HL 17411 and 
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Comparison of the predicted model 
of a-lytic protease 
with the X-ray structure 


THERE are several methods for the prediction of secondary 
structural features of protein molecules from the amino acid 
sequence’. Application of these methods to proteins of 
unknown tertiary structure has met with mixed results®’, and it 
has been suggested that it is the protein structural type which will 
determine which predictive method will succeed*. There is also 
great interest in the ab initio prediction of tertiary structures of 
proteins” '', but this has not yet been achieved. One possible 
method for predicting the tertiary structure of an enzyme is by 
the use of a known amino acid sequence and a previously 
determined tertiary structure of another related homologous 
isofunctional enzyme. This method was used by McLachlan and 
Shotton’? in an attempt to fit the a-lytic protease sequence into 
the polypeptide chain folding of elastase'* and chymotrypsin". 
It has also been used to predict the tertiary structure of tropo- 
nin C (ref. 15). Now that the structure of a-lytic protease is 
known’* to a resolution of 2.8 A, we can assess the accuracy of 
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such predictions. The tertiary structures of two related bacterial 
serine proteases, SGPA and SGPB and their structural rela- 
tionship to the pancreatic enzymes have been published pre- 
viously” °, Many of the conclusions drawn from those studies 
are also applicable to the present discussion on a-lytic protease 
and need not be repeated. Rather, we shall consider the basic 
premise of sequence homology in phylogenetically distant pro- 
teins being used to deduce tertiary structures. A recent real- 
ignment™ of the amino acid sequences of Gly-Asp-Ser-Gly-Gly 
proteases, which was based on the known topological 
equivalences of a-carbon atoms, indicates an overall sequence 
identity of only 18% between a-lytic protease and elastase, We 
show here that this low value is independent of the environment 
of the topologically equivalent polypeptide chains (whether the 
residues are internal or external) and that the sequence identity 
is associated with only those residues which are in the immediate 
vicinity of the active site quartet, Asp 102, His 57, Ser 195 and 
Ser 214. 

The complete amino acid sequence determination of this 
bacterial serine protease from Myxobacter 495 revealed short 
stretches of sequence which were highly homologous to 
presumably corresponding regions in the sequences of the 
mammalian pancreatic enzymes—chymotrypsin, trypsin and 
elastase. This homology and the similar catalytic behaviour 
towards peptide substrates? suggested that a-lytic protease 
might have a tertiary structure similar to that of the mammalian 
enzymes despite the fact that it has a much smaller molecular 
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Fig. 1 a, A stereo drawing of the 
a-carbon atom backbone of a-lytic 
protease, with each a-carbon atom 
position numbered according to 
that of chymotrypsinogen A as 
described in detail in ref. 20. The 
active site region is located in the 
central portion of this drawing, 
where a-carbon atom positions of 
the catalytic quartet of Ser 214, 
Asp 102, His 57 and Ser 192 are 
evident. The three disulphide 
bridges 42-58, 137-159 and 191- 
220 present in this molecule are 
denoted by dashed virtual bonds. b, 
The a-carbon atom drawing of a- 
lytic protease (solid virtual bonds) 
is superimposed on that of elastase 
(open virtual bonds) in a manner 
designed to maximise topological 
equivalences”. Every fifth a- 
carbon atom position of each 
enzyme is numbered; additional 
numbering is also present for resi- 
dues discussed in the text. See Fig. 
1 of ref. 12 for more details of the 
model proposed. 


weight than porcine elastase (19,900 compared to 25,900). In 
regions of the polypeptide chain of a-lytic protease which do not 
contain residues of the active site, the sequence homology with 
the pancreatic enzymes is so low that serious sequence mis- 
alignments have resulted'**' and persisted even with the know- 
ledge of the tertiary structure of SGPB"”’. In spite of the lack of 
sequence homology, there is considerable tertiary structural 
equivalence which is far more extensive and presumably more 
conserved than the amino acid sequence identities would 
suggest. 

The polypeptide chain folding of a-lytic protease (represen- 
ted by a-carbon atom positions only) is illustrated in Fig la. 
Figure 1b shows the a-carbon atoms of a-lytic protease 
superimposed on the a-carbon atom backbone drawing of elas- 
tase? (coordinates for elastase are from the Brookhaven Pro- 
tein Data Bank). The superimposition of these two enzyme 
structures was achieved using a computer program written by W. 
Bennett of Yale University and is based on the methods 
described by Rossmann and Argos”. Examination of Fig. 1b 
shows that there is indeed topological equivalence of a-carbon 
atoms between a-lytic protease and elastase. However, this 
tertiary structural homology” (55% of the a-carbon atoms of 
a-lytic protease (108 residues) have a topologically equivalent 
a-carbon atom in elastase within an r.m.s. deviation of 2.08 A) is 
limited to the central core, and in particular to those stretches of 
polypeptide chain which support or contain residues directly 
involved with substrate binding or the catalytic event. 
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An alternative representation of the topological equivalence 
between a-lytic protease and elastase is given in Table 1 which 
summarises those 76 residues in both domains of these enzymes 
(domain I, residues 16-120; domain II, 121-245) which have 
the highest degree of topological equivalence. It is clear from 
Table 1 that the number of topologically equivalent residues in 
domain II is more than double that in domain I. This is also true 
if the topological comparisons are done treating each domain 
independently. There’ are only three strands of polypeptide 
chain which superimpose well in domain I and these strands 
support the two catalytically important residues His 57 and Asp 
102. The apparently high level of amino acid identity (36%) is 
the result of the small absolute number of topologically 
equivalent residues (22) in domain I. 

Domain II has 54 topologically equivalent a-carbon atoms in 
six strands of antiparallel B-pleated sheet. The degree of 
sequence identity between a-lytic protease and elastase is rela- 
tively low (22%). There is only one strand (that supporting Ser 
195) which has extensive sequence identity, as shown in Tabie 1. 
The lack of sequence homology between the first three topo- 


167 


logically equivalent strands of domain II is not sufficient to 
predict a correct model successfully. Indeed, there is only one 
residue that is structurally required out of the 25 residues 
comprising these three strands. Gly 140 is structurally invari- 
ant”° and is required as such; any side chain at this position 
would sterically interfere with the side chain of Asp 194, a 


' residue essential to determining the proper catalytically active 


conformation of serine protease binding sites**’°. The three 
strands of topologically equivalent residues in domain I of 
a-lytic protease were correctly predicted from the elastase fold’? 
as were strands 4 and 6 domain II. However, the remaining four 
strands, although topologically equivalent in the two enzymes, 
had so little sequence homology that the correct register was not 
discerned. Clearly, what is conserved throughout the evolution 
of these important digestive molecules is the three-dimensional 
structure and not the amino acid sequence, except in the 
immediate vicinity of the catalytic quartet. 

The a-lytic protease and pancreatic elastase have a similar 
substrate specificity?” . The steric interactions whereby these 
two structurally related enzymes achieve this specificity for small 





Table 1 Topological equivalence and sequence homology of a-lytic protease and elastase 





[A] Domain I (residues 16-120) 


41 42 43 44 
a-LP L c S ‘Vv | 
Elastase T G G Sang 1 
A 0.93 1.37 ° 1.21 0.94 
51 52 53 34 55 56 57 58 59 
a-LP | G F v T A G H c G 
Elastase W y M T A A H C V Strand 2 
A 1.03 0.96 0.49 0.39 0.33 0.46 1.04 1:54 0.58 
109 108 107 106 105 104 103 102 101 
a-LP ` T L S y wW A R N 
A 172 +089 1.21 081 043 083 121 0.57 217 i 
[B] Domain II (residues 121-245) a a oe or 
131 132 133 134 135 136 137 138 139 140 141 142 
a-LP A V G A A y C R S G Ì'R T 
Elastase N N° S P c Y I T. - W G Strand 1 
A 1.32 1.87 1.57 1.53 1.69 0.50 1.20 0:95 1.11 0.70 1.54 1.82 
163 162 161 160 159 158 157 156 
a-LP T I T G E Q Y G 
Elastase V T P L Y A Q Q Strand 2 
A 1.38 . 0.42 0.76 2.68 1.08 1.00 1.35. 1.20 
180 181 182 183 184 
a-LP L T Q G N 
Elastase M V C A G Shanda 
A 1.32 1.33 1.01 1.49 1.21 
(A) (B) — — ee = — 
191 192 192 192 193 19 195 196 197 198 199 200 
a-LP c M G R G. D S G. & |s Ww I 
Elastase S G C Q G D S G G P L H sranda 
A 1.41 0.99 1.75 1.06 087 40.29 .0.25 0.82 1.22 0.45 0.26 0.79 
l i 216 215 214 213 212 211 210 209 208 207 
a-LP G G M Vv G | Q A Q G 
A 0.97 0.94 0.73 060 1.14 «2«5'1.33 0.93 1.63 1.52 1.09 
225 226 227 728 229 230 231 
a-LP S S L F E L 
A 1.82 0.83 0.73 0.37 ° 0.50 °° 1.72 1.18 





Those residues enclosed in boxes are chemically identical in a-lytic protease and elastase. The amino acid sequences are expressed in the 1 letter code g and have been 
taken from ref. 20. A is the r.m.s. deviation of the a-carbon positions after optimisation and is expressed in A units. The average r.m.s. deviation for domain I is 0.96 A; for 
domain II, 1.12 A. Those residues which are buried (internal) have a line drawn over the residue number. The strands are drawn diagrammatically to represent the 


antiparallel 8 hydrogen bonding seen in Fig. 1. 
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side chains (Ala, Val, Ser) are quite different and were not 
predicted from model building’”. The active site and substrate 
binding region of a-lytic protease is shown in Fig. 2. The primary 
specificity site of the pancreatic-like serine enzymes involves the 
residues from 191-195 and 214-220. Elastase achieves its 
specificity because of the presence of Val 216 and Thr 226 (ref. 
13), both side chains of which block the entrance to a hydro- 
phobic cavity that exists in a-chymotrypsin‘*; the topologically 
equivalent residues in a-chymotrypsin are Gly 216 and Gly 226 
(ref. 20). Residue 216 is also a glycine in a-lytic protease and 
therefore the structural reason for its specificity must differ from 
that of elastase and from that proposed”. 

Two important insertions in the sequence of a-lytic protease 
as compared with that of elastase occur in the active site 
region’’. The first of these insertions is a dipeptide at position 
192. As a consequence, the side chain of Met 192 occludes the 
specificity pocket of a-lytic protease, whereas the side chain of 
Gln 192 in elastase is directed away from this binding pocket. 
The second insertion is a pentapeptide at position 217. The side 
chain of Val 217A of this insertion is also dire¢ted into the 
specificity pocket (see Fig. 2). Consequently, the primary bind- 
ing site of a-lytic protease has room for substrate residues with 
side chains only as large as that of a valine residue’®. In the 
region of-residues 214-220, McLachlan and Shotton had mis- 
aligned (by four residues) the sequence of a-lytic protease with 
that of elastase and had placed a glutamine residue at position 
216 and concluded that this residue in a-lytic protease would 
diminish the size of the primary specificity site, as does Val 216 
in elastase. However, this glutamine residue is really residue 
217B in the sequence and is located on the surface of the enzyme 
with its side chain pointing away from the active site (Fig. 2). 
Moreover, that misalignment had placed an asparagine residue 


at position 214 whereas a topologically equivalent serine residue ` 


has been found at this site in all of the serine protease structures 
that have been reported to date’®’*?3-?%? (including the evolu- 
tionarily unrelated subtilisin’”). 

The extensive degree of structural similarity of these two 
serine proteases, in spite of the lack of sequence identity of 
topologically equivalent residues, makes it necessary to evaluate 
the expectations of a structural prediction. Our comparison of 
the 2.8-A structure of a-lytic protease with the 2.5-A structure 
of elastase shows that the molecules are very similar in the 
regions near those residues important for catalysis. However, it 
does not seem possible to rely on primary structural homology 
(or lack thereof) to predict correctly and accurately an unknown 


structure from that of an isofunctional protein molecule of | 


known tertiary structure.. Resort to secondary structure predic- 
ting rules’ would not necessarily offer much help, for in the 
stretch 131-138 of a-lytic protease an a-helical conformation is 
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Fig. 2 Stereo drawing of the 
active site of a-lytic protease. The 
polypeptide main chain bonding is 
shown with solid black bonds. All 
oxygen atoms present: are dis- 
tinguished by solid black circles. 
Hydrogen bonds involving active 
site residues are illustrated as 
dashed lines. The side chains of 
Met 192, Met 213 and Val 217A 
occlude the primary binding 

pocket. The conformational’ labil- 
ity of Arg 192B would not contri- 

_bute to such a blockage of the sub- 

strate binding site. 


, ° 


incorrectly predicted whereas the corresponding region of elas- 
tase is indifferent to either a or B structure’. If the results of 
protein structure prediction are to be used only to detect the 
possibility of conformational similarity and thus evolutionary 
homology, then such techniques can be useful’”’”. However, if 
the interest is in the structural detail of substrate binding sites, 
or, in the conformation of the catalytically important residues, 
then the present methods of predicting structure are not satis- 
factory. 

This work was funded by a grant from the MRC of Canada to 
the Protein Structure and Function Group (to M.N.G.J.) at the 
University of Alberta. G.D.B. was supported by an‘. MRC 
studentship. 
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matters arising 


Human activity and 
the erosion of soils on chalk 


IN their letter’ relating to beech bark dis- 
ease and lynchets, Lonsdale et al. refer to 
the probability of an acid non-calcareous 
soil overlying the chalk on their site. This 
type of soil seems to be very widespread in 
the west Sussex-east Hampshire region, 
more so than the chalky soil which is 
generally supposed to be the characteristic 
one, and is by no means always underlain 
by Pleistocene or earlier deposits. In fact, 
on shallow slopes, a highly calcareous soil 
seems to occur only where human 
disturbance has facilitated erosion; this 
usually means in ploughed fields or on the 
negative aspects of lynchets such as 
Lonsdale et al. have observed. Steep 
slopes, including the chalk scarp, are, on 
the other hand, often calcareous. The 
wood in which Lonsdale et al. are working 
does indeed seem to contain the non- 
calcareous soil, although not in its most 
acid form; samples taken from it? in 1970, 
outside the lynchet area, were mostly 
found on analysis to have: a non-cal- 
careous, non-iron, mineral content of 
~70%. They are significantly less cal- 
careous than samples from the neigh- 
bouring ploughed fields, and this 
difference has been found in several such 
areas of old woodland cover and arable, 
even though the two resemble each other 
in topographic and other respects. 
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Aerosol anomalies 
preceding earthquakes 


IN his article on aerosol anomalies pre- 
ceding earthquakes Tributsch’ suggests 
that there is emission of positive ions 
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before an earthquake occurs and that 
these ions are responsible for the many 
reports of animal disturbance before the 
major event itself. We have been investi- 
gating electrical phenomena associated 
with stress and failure in rocks and 
ceramics and some of our data may be 
applicable to Tributsch’s hypothesis. 

For testing, we normally. attach 
connections to the rock via conductive 
epoxy or hammered-in phonograph 
needles. These points are connected to 
one or more electrometers before the 
specimen is placed in compression or 
bending. As the load is applied we see a 
series of pulsed currents that we associate 
with piezoelectric effects. As the load is 
increased there is a steady state current of 


the order of 107'°A that we associate. 


with the stress induced migration of ions” 
or the inception of a continuous series of 
internal microfractures. In any case the 
current pattern and areas of highest cur- 
rent can be used to predict areas.of high 
residual stress and the location of ultimate 
failure. 

As the specimen approaches failure we 
observe the emission of both electrons and 
positive ions with energies up to 15 eV at 
current levels of 1077! A. If the experi- 
ment is done in a darkened room there are 
flashes of light as the material begins to 
fail. These flashes are not observed in a 
helium environment but are intensified in 


a water vapour or pure oxygen environ-' 


ment; we suggest that the electrons and 
ions are exciting water or oxygen mole- 
cules that decay by photon emission. This 
electron and ion emission may well be 
responsible for the effects discussed by 
Tributsch as well as the earthquake light 
phenomena reported by Derr’. 

A full report on this work will be given 
at the Fourth International Congress on 
Rock Mechanics in September at 
Montreux. 

‘This work was supported by the 
Engineering Division of the NSF. 
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Historical climatology 


WE should like to join Professor H. H. 
Lamb in clarifying a point in our article on 
historical climatology’. We stated that the 
correlation between Lamb’s English 
winter severity index values for the 
decades between AD 1100 and 1400 and 
Alexandre’s decadal indices for winters in 
Belgium was very low. We attributed this 
largely to the fact that Alexandre used 
thoroughly criticised and carefully evalu- 
ated historical data, whereas the sources 
available to Lamb when he pioneered the 
method were compilations of variable but 
generally poor quality. 

It is necessary to add that in using the 
indices to reconstruct temperatures, 
Lamb himself expressly avoided undue 
emphasis on the decadal values as such, 
instead relying on half-century mean 
values derived from them’. These 
smoothed values correlate much better 
with Alexandre’s series. It is important to 
emphasise Professor Lamb’s caution in 
this respect. Indeed, it was because his 
caveat evidently required reiteration that 
we originally chose to highlight the prob- 
lems inherent in the decadal values. 
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The impossibility of 
comminuting small 
particles by compression 


KENDALL’ has given a simple explana- 
tion of the impossibility of comminuting 
and crushing a brittle body by cracking 
when its size is smaller than a certain 
critical value. This size effect was demon- 
strated by applying the classical Griffith? 
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energy criterion to a brittle body of ideal- 


ised geometry. However, it has been 
shown recently? that the Kendall theory 
could be improved, and brought into 
complete agreement with the Griffith 
theory, if allowance were made for the 
restraint to the free lateral movement 
inevitably experienced by the brittle body 
during compression. Assuming the lateral 
restraining force to be a small fraction, a, 


of the axial compression, F, and following | 


exactly Kendall’s’ procedure and nota- 
tion, the cracking force is 


t 


1 a 
EG w/d + 8ac/d) 


where c Is the crack length. 
.The force at the transition from crack- 


ing of the brittle body to its gross yielding’. 
under the platen is given by the solution to 


the quadratic 


1 /F\? 2ERa\"? 
=(=) -0+8 +( ) = 
7 ey (t+ Bac/d) ay) 





to a critical value 


go- B2ER 
ae 3¥"(1+4 8ac/d)* 


gekne becomes inposible: Equations 
(1)-(3) differ from their counterparts .in 
Kendall’s paper by the: presence of the 
very crucial term 8ac/d. 


‘Based on my. experimental data’® and, 


that of Kendall’, I have. argued that the 
restraining force would be very. small 
especially. if the size of.the body is 
reduced. In fact, a value of a between 
1/100 and 1/200 seemed most appro- 
priate. 

For the model material (polystyrene) 
tested by Kendall’ the c/d ratio in equa- 
tion (3) for all samples was 1.25. Equation 
(3) suggests that for a = 1/200 the tran- 
sition from brittle to ductile behaviour of 
polystyrene could be expected at a size of 
3.69 mm as opposed to 4.48 mm predic- 
ted by Kendall’s theory. The experiment- 
ally observed value was 3.6 mm (ref. 1). 
Expression (3) clearly is in. better 
agreement with experimental data. 
Likewise, equation (3) predicts a crushing 
limit of around 0.85 ym for calcium 
carbonate which is also in close agreement 
with the average particle size of 0.8 um to 
which calcium carbonate 1 1S reduced after 
prolonged milling’. x 
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(1) 


(2) 


In particular, if the particle size is reduced 


(3) 


Agonist regulation of 
a-adrenergic 
receptor numbers 


THERE have recently been’ several 


reports which indicate that agonist- 
induced desensitisation of cells might be 
explained, at least in part, by reductions in 
the number of receptors exposed at the 
surface of target cells; the evidence has 
been particularly clear for B-adrenergic 
receptors. Thus, it is not surprising that 
studies have been designed to see whether 
agonist-induced desensitisation; of cells 
to a-adrenergic: stimulation might be 
explained.in a similar way. Two reports 


have. now described fairly rapid agonist-. 


induced decreases in. a@-receptor 
number'*, and ‘another described a 
modest rise in a-receptor number in 
animals treated. for several- weeks with 
reserpine to induce supersensitivity’. 

_ In their report, Cooper et al.” seemed to 
consider that the-observed reduction in 
receptor number provided an adequate 
explanation for the desensitising effects of 
agonists; no other mechanisms were 
apparently considered. However, this 
position is untenable, as their main 
observation was that a 50% decrease in 


receptor number in adrenaline-treated. 
(assessed by dihydroergo-. 


platelets 
cryptine binding). was: accompanied 
by an essentially complete loss of two 
cellular responses.to the same agonist 
(aggregation and 5- hydroxytrýptamine 
secretion). «. ° 

Surely, this must mean that only a sali 
proportion of the desensitising effect of 
agonist treatment can have been mediated 
through the change in receptor number? 


‘Most of this desensitising effect was. 


presumably a result of some event which 
was brought about by receptor activation 
but which did not involve any changes in 
the number of exposed receptors.. This is 
hardly surprising, as there is much evi- 
dence which indicates that in other tissues, 
especially: smooth muscles, changes: in 
receptor numbers are not likely to be the 
main ‘mechanism whereby increased or 
decreased exposure to -agonists brings 
about changes in cell sensitivity to those 
ligands which act at Ca**-mobilising 
receptors% (of which the a-adrenergic 


receptor is one type’). These alternative: 
_ mechanisms for changes in sensitivity may 
not be as conceptually simple nor as well; 


understood as the changes in receptor 
number, but they cannot be.ignored: when 
the available data are incompatible with 
an explanation based solely on changes in 
receptor number. 
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ALEXANDER AND HANDIN REPLY— 
Michell is correct, of course, in stating 
that agonist-induced desensitisation of 
physiological responses might not be 
explainable -on the -basis of a 40-50% 
decrease in receptor number, as 
determined by ligand binding: with *H- ' 
dihydroergocryptine (DHEC), an a- 
adrenergic antagonist. It was not our 
intention to imply that this was the sole 
explanation for’ adrenaline-induced 
desensitisation in the platelet. However, 
we do not agree “that only a smäll pro- 
portion of -the ‘desensitising effect of 
agonist treatment can have been mediated 
through the change in receptor number”. 
Since submission of our paper, there has 
been a report on the desensitisation -of 
B-adrenergic receptors showing that the 
percentage of' receptors identified by 
agonist binding 1s decreased to an extent 
considerably : greater than the 35% 
decrease in receptor number determined 
by antagonist binding. These data suggest 
that ‘agonists and antagonists bind 


different forms of .the @-adrenergic 


receptor’. It has:-been reported that ‘a- 
adrenergic agonists and antagonists. bind 
to distinct states of the a-adrenergic 
receptor and that *H-DHEC may label 
both the agonist and antagonist state?” 

If most of the decrease in 7H-DHEC 
binding in platelets preincubated with 
(—)adrenaline répresents changes in the 
putative agonist state, then the observed 
decrease in receptor number may - be 
sufficient to explain most of .the a- 
adrenergic agonist-induced desensitisa- 
tion in platelets. This possibility requires 
further investigation using both agonist 
and antagonist binding assays. 

The references on denervation super- 
sensitivity may not be relevant to our work 
on desensitisation. In fact, it has recently 
been reported that a-adrenergic recep- 
tors in rat cerebral cortex'increase after 
chronic reserpine treatment, suggesting 
that an increase in receptor number may 
contribute to post-junctional . i 
sitivity®. 


R. WAYNE ALEXANDER 
ROBERT I. HANDIN 
Peter Bent Brigham Hospital, 
Boston, Massachusetts 02115 
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Concepts of colour 





Color Vision: An Historical Introduc- 
tion. By G. S. Wasserman. Pp. 224. 
(Wiley: New York and Chichester, 
UK, 1978.) £13.40. 

THOSE who study colour vision are 
very aware of the history of their field. 
There are two reasons for this. First, 
the topic is one that has recommended 
itself to the strongest intellects: New- 
ton, Thomas Young, Maxwell and 
Helmholtz have left writings that set 
models of experimental elegance and 
theoretical clarity for the modern re- 
searcher. Second, the advancement of 
the field has depended on an instruc- 
tive sequence of conceptual insights, 
which must be recapitulated by each 
fresh student. It is therefore very ap- 
propriate that Professor Wasserman 
should adopt an historical organisa- 
tion in his intermediate-level textbook 
on colour vision. 

As actual history, Wasserman’s 
account is patchy and largely limited 
to expositions of the main printed 
sources. His summary of the relevant 
parts of Newton’s Opticks is accurate 
and very clear; but his treatment of 
other early material is unashamedly 
based on secondary sources and he 
entirely omits mention of the trichro- 
matists of the first half of the eight- 
eenth century. His account of the 
contribution of Maxwell and Helmholtz 
is excellent, but then he spoils himself 
by recommending that the three-recep- 
tor theory of colour vision, which is 
widely referred to as the Young~Helm- 
holtz theory (and which is almost 
certainly correct), should instead be 
eponymously linked with Newton and 
Maxwell. That Maxwell should enjoy 
more credit is fair; but to associate 
the theory with Newton is to confound 
the whole history of the field. The 
most fundamental fact about colour 
vision is that of trichromacy. the fact 
that only three variables are needed in 
a colour-matching experiment: and it is 
sometimes said that trichromacy is 
implicit in Newton’s colour circle and 
centre-of-gravity rule. But (as Wasser- 
man himself very clearly explains) by 
mixing three primary colours that lie 





on the circumference of Newton’s 
circle, one can reach only that part of 
colour space enclosed by a triangle 
inscribed within the circle. Newton 
lacked the concept of imaginary pri- 
maries lying outside the colour circle; 
and he lacked that concept because 
he lacked in turn the idea of narrowly 
tuned transducers, supposing only that 
“.. the Rays of Light in falling upon 
the bottom of the Eye excite vibrations 
in the Tunica Retina’ (Qu. 12) and 
that these vibrations are “propagated 
through the solid, pellucid and uniform 
Capillamenta of the optic nerves into 
the place of sensation” (Qu. 23). The 
“several sorts of Rays’ merely “make 
Vibrations of several bignesses, which 
according to their bigness excite Sen- 
sations of several Colours’ (Qu. 13). 
As Newton understood neither the fact 
of trichromacy nor the trichromatic 
theory that was later introduced to 
explain it, | urge colleagues not to 
adopt Wasserman’s suggestion that we 
should speak of the Newton-Maxwell 
theory. 

The topics covered by Wasserman 
include colorimetry. colour blindness, 
component and opponent theories, 
zone theories, photometry, physiology. 
There are detailed discussions of the 
theories of Hurvich and Jameson and 
of Guth; of Land’s experiments on 
colour contrast: of heterochromatic 
photometry; and of the early micro- 
spectrophotometric records. Wasser- 
man has taken great pains to elucidate 
conceptual difficulties for students and 
this trouble is repaid by a very lucid 
text. I very much liked his discussion 
of imaginary primaries and his account 
of non-additivities of heterochromatic 
lights. There is a very helpful passage 
relating Granit’s early reports of reti- 
nal ‘dominators’ and ‘modulators’ to 
the later electrophysiology. 

But the book has two weaknesses. 
First, the coverage is unbalanced 
(the British come off especially badly). 
Rushton’s reflection densitometry is 
dismissed as valueless in a sentence. 
Stiles’ increment-threshold method 
passes entirely unmentioned, although 
the spectral sensitivities so derived are 
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J. D. Mollon 





close to linear transformations of the 
colour-matching functions and (from 
this evidence and from microspectro- 
photometry) now seem likely to repre- 
sent the sensitivities of the cones them- 
selves. (Indeed, although the book is 
illustrated with a great number of 
spectral sensitivities, amazingly there 
is nowhere shown a set that resembles 
the ones likely to be correct.) Nothing 
is said of one of the most interesting 
developments of the last decade, Zeki’s 
demonstration of areas in the prest- 
riate cortex that seem to be specialised 
for the analysis of colour. 

Second, Wasserman has some here- 
sies Of his own to press upon the 
unsuspecting student. Thus the chapter 
on colour blindness is quite out-of-date 
and misleading and the author perpet- 
uates one of the most notorious con- 
ceptual errors of the field, that of 
supposing that anomalous trichromacy 
can be explained by giving abnormal 
weightings to the signals from the 
three cones of normal vision. There 
is a lot of dubious talk about two- 
peaked photo-pigment sensitivities in 
invertebrates and in vertebrates, with- 
out any mention to the student that 
invertebrate pigments may he bistable 
(the two states corresponding super- 
ficially to a rhodopsin and a metarho- 
dopsin} or that the evidence for 
visually significant short-wave peaks in 
vertebrate pigments is very slight. 
The recent microspectrophotometric 
measurements of goldfish receptors 
shown on pl89 do indeed exhibit 
secondary cis-peaks, but the goldfish 
pigments are based on vitamin A. and 
Wasserman does not point out that the 
cis-peak of the long-wave human pig- 
ment (P565) would he well below 
400 nm, at wavelengths completely ab- 
sorbed by the lens of the eye. | 

In summary, Wasserman’s book is 
good in parts. Should this Curate’s Egg 
be given to students? Only if accom- 
panied by many, well placed pinches of 
salt. (3 


EMAC nm 





J. D. Mollon is Lecturer in Experimental 
Psychology at the University of Cambridge, 
UK. 
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Biological 
properties of 
immunogiobulins 


Comprehensive Immunology. Volume 
5: Immunoglobulins. Edited by R. A. 
Good and G. W. Litman. Pp. 381. 
(Plenum Medical: New York and Lon- 
don, 1978.) $18.58. 





THis is a multi-authored book con- 
taining 16 different articles. The style 
of each is governed more by the 
authors themselves than by any uni- 
fying editorial criterion. The length of 
the chapters is also very variable and 
bears no relationship to their general 
importance. Whether this is by chance 
or design, it turns out to be fortunate 
because, in general, the most exten- 
sively, and to my mind the better, 
reviewed subjects have also suffered the 
least from the unavoidable delay in 
publication of books of this nature. 

The major emphasis is on the more 
classical immunochemistry problems 
concerned with the nature of the anti- 
body—antigen interaction. Crystallo- 
graphic, physicochemical, kinetic and 
thermodynamic data bring us a com- 
prehensive picture of the general 
properties of the antibody-combining 
sites and, more importantly, of the out- 
standing and unresolved aspects of the 
problem. For those of us trying to 
understand the peculiarities of mono- 
clonal antibodies in serological re- 
actions, some of the chapters 
(particularly that by Karush on “The 
Affinity of Antibody: Range, Vari- 
ability, and the Role of Multivalence’’) 
are very relevant. Yes, Cathou was 
right in saying, “Immunochemistry 
does not appear to be in any danger 
of an early death” (p76). 

The first six chapters, which also 
include discussions on the structural 
basis of the effector functions of anti- 
bodies and other biological properties, 
take up well over half of the book. The 
other portion doesn’t attempt a compre- 
hensive coverage of other aspects of 
immunoglobulins, but a quick glance 
at the table of contents may give a mis- 
leading impression of the real subject 
matter. For instance, the short dis- 
cussion by Ohno on the significance 
of gene duplication in Ig evolution is 
intended for the initiated and not to 
give a picture of the complexities of 
the contraction and expansion pro- 
cesses in the evolution of immuno- 
globulin gene pools. On the other hand, 
I found a considerable amount of 
information on subjects that are seldom 
reviewed: for example, on immuno- 
globulin-like molecules and possible 
functional ancestors of antibodies in 
lower species (chapter 8) and on the 
relative expression of Vu subgroups in 
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normal and abnormal immunoglobulins 
in man (chapter 13). 

Chapter 10 reviews the structure of 
atypical immunoglobulins and their 
implications in terms of genetic control 
mechanisms. It is a great pity that 
Frangione did not have an extra year 
to write this chapter, as his pioneering 
ideas about a separate ‘gene’ for the 
hinge region could have crystallised 
with the discoveries of ‘gaps’ in the 
DNA structure. The book closes with 
a crisp “Overview on membrane im- 
munoglobulins’”: the outstanding prob- 
lems, the relevant facts and the 
prevailing opinions at the time of pub- 
lication. Pernis has obviously made a 
great effort to try to include last-minute 
references and, in the rush, Berget et 
al. (1977) did not make it to the refer- 
ence list. 

A number of errors have crept into 
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the book here and there, some of 
which seem worthy of mention. For 
instance, Wang (chapter 9) refers to 
Huang as “Huong”, and in chapter 10 
section 4.1, called “Internal Deletions”, 
the word ‘‘deleted” at the end of the 
first sentence is missing (deleted?). 
According to the flap of my copy, the 
book was intended to “privide” (sic) a 
foundation for the subsequent inter- 
pretation of the biological properties of 
immunoglobulins. It is difficult to say 
if it does rhat, but I think it is a serious 
contribution to the increasingly effec- 
tive communication between experts 
talking such different languages. 
César Milstein 


César Milstein is Head of the Protein 
Chemistry Subdivision, Medical Research 
Council Laboratory of Molecular Biology, 
Cambridge, UK. 





Field 
theory 


Relativistic Quantum Fields. By C. 
Nash. Pp.223. (Academic: London, 
New York and San Francisco, 1978.) 
£15; $31. 





In the past five years we have wit- 
nessed an astonishing renaissance of 
field theory in elementary particle phy- 
sics. On the one hand the Weinberg- 
Salam unified theory of weak and 
electromagnetic interactions has had 
considerable success in fitting a large 
variety of neutrino neutral current 
data; on the other hand quantum chro- 
modynamics (QCD) predicted and ex- 
plains the scaling violations observed 
in deep inelastic neutrino scattering. 
As a result it is now the conventional 
wisdom that these theories, or some- 
thing quite like them, will eventually 
permit a full understanding of all of 
the fundamental interactions seen in 
nature, except perhaps gravity. 

Such an understanding is still a long 
way off and it will come, if at all, only 
when our facility in using and thinking 
within the field theoretic formalism has 
advanced considerably beyond the pre- 
sent level. (I am thinking, for example, 
of the problem of quark confinement 
-plainly a non-perturbative effect 
which will need considerable technical 
progress to elucidate.) It is therefore a 
pleasure to welcome an excellent book 
by Charles Nash which develops some 
of the fundamentals of field theory 
with enough detail to teach the serious 
student how to undertake his or her 
own calculations. Most of the book is 
devoted to the Ag’ theory and quan- 
tum electrodynamics (QED), rather 


than the non-abelian gauge theories 
(Weinberg-Salam and QCD) which 
launched the revolution. This is all to 
the good, as it permits the assimila- 
tion of unfamiliar techniques without 
the encumbrances of the new theories. 

The first sine qua non of the new 
order is functional differentiation and 
integration, which is illustrated by the 
usual Gaussian integral. (Is this the 
only functional integral anyone has 
done?) Nash takes us gently through 
this, and even consoles us should we 
feel “a little perplexed or confused”. 
“This is quite normal’. Functionals on 
a Grassmann algebra are also consi- 
dered. Next there is an extensive cover- 
age of dimensional regularisation, a 
covariant and gauge invariant method 
for handling the infinite quantities 
which inevitably arise when evaluating 
radiative corrections in these theories. 
This is used to verify the Ward Identity 
and to compute the renormalisation 
constants in QED. The final chapter 
touches on the asymptotically free 
gauge theories, the Callan-Symanzik 
equation, and so on. However, the 
coverage is less full than that of the 
earlier material. and there is no treat- 
ment of spontaneous symmetry break- 
ing in non-abelian theories. If these 
attractive theories do withstand further 
rigorous experimental tests, it is to be 
hoped that the author will be moved 
to write a companion volume dealing 
with these topics in the same detail. In 
the meantime the present book will 
certainly provide a lastingly useful and 
relatively painless introduction into a 
highly technical field. 





D. Bailin 
D. Bailin is Lecturer in Theoretical 
Physics at the University of Sussex, 


Brighton, UK. 
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Physical Chemistry 
P. W. Atkins 


‘Itis a book of its time not only in content and 
outlook but in format and style too .... could well 
becomea milestone in the development of text books 
of physical chemistry.’ Chemistry in Britain. 

‘An important and original work.’ Education in 
Chemistry. ‘The author is to be congratulated 

on the production of such a good text and the 
publishers for its presentation at a price within the 
reach of students.’ British Book News. £17.50 
paper covers £7.95 


Solutions Manual 
for Physical Chemistry 
P. W. Atkins 


This manual contains the author's detailed 
solutions of almost every one of the 1,060 problems 
contained in his textbook Physical Chemistry. 

It will be invaluable both to the instructors and 
lecturers who have adopted the parent text and 

to the students who use it themselves. Illustrated 
paper covers £4.50 


Primary Metabolism 


A Mechanistic Approach 
J. Staunton 


The traditional line of demarcation between 
biochemistry and chemistry has dissolved in 
recent years as chemists and biochemists have 
joined forces in investigating the mechanisms of 
reactions which take place in living systems. This 
book introduces this area of common interest to 
students of both chemistry and biochemistry. The 
later chapters take account of the biologica! 
dimension by tracing representative metabolic 
pathways step by step to show how the constituent 
reactions mesh together to form a coherent 
metabolic machine. £6.50 Oxford Chemistry Series 


Secondary Metabolism 
J. Mann 


‘It is encouraging to see published a book such as 
Dr Mann's, which is designed for the undergraduate 
and beginning researcher. His book is very well 

put together and should facilitate and encourage 
the preparation of undergraduate courses on 
modern natural products chemistry.’ Chemistry 

in Britain. £9.75 Oxford Chemistry Series 


Oxford Univer 
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- look tomorrow. €3.25 


sity Press 





ynamics and 
Statistical Mechanics 
P. T. Landsberg i 


The basic ideas and mathematical formulations of 
thermodynamics are presented here in a concise 
and modern way. Topics covered include: negative 
temperatures; negative heat capacities; special 
and general relativistic effects; black hole 
thermodynamics; gravitational collapse; energy 
conversion problems; and efficiencies including 
simple heat pump theory. £8.50 


The Solid State 


An Introduction to the Physics of Crystals 
for Students of Physics, Materials Science, 
and Engineering 

H. M. Rosenberg 


The topics covered include basic crystal structure, 
diffraction of waves, dislocations, specific heat, 
phonons, thermal and electrical conductivity, the 
physics of p-n semiconductor junctions, and 
magnetic and dielectric nroperties. For the second 
edition a chapter on superconductivity has been 
added. £5.50 paper covers £2.95 

Oxford Physics Series 


Physical and Engineering 
Science for Technicians, 
Level | 

R. J. Besanko and T. H. Jenkins 


This new version of General Engineering Science 
is designed to cover the units in physical science 
and engineering science at Level 1 for students 
taking TEC Certificate and Diploma Programmes. 
Some additional material is included to satisfy 
college-devised units, and the book is also suitable 
for other courses at this level. Paper covers £2.95 


Scientific Models and Man 


The Herbert Spencer Lectures, 1976 
Edited by Henry Harris 


in these lectures a group of distinguished men from 
different disciplines describe how current work in 
their own subject is changing their view of the 
world. Scientific models have been enormously 
influential in transforming the way in which we look - 
at ourselves and at the universe: this book gives 
some indication of the way the world is going to 


Circle No. 09 on Reader Enquiry Card. 
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Wiley 


Advances in Enzymology and Related 
Areas of Molecular Biology Vol. 48 


edited by A. Meister, Cornell University Medical College. 


The forty-eighth volume in a continuing series of outstanding 
reviews by authorities in enzymology and related fields. The 
series reviews progress made in the various branches of this 
expanding science and has become essential to all who wish to 
keep abreast of the literature. (Advances in Enzymology Series) 


April 1979 462 pages 
0471 04428 8 $36.50/£19.50 


Basic Molecular Biology 
by F.W. Price, State University College, Buffalo, New York. 


This provides a thorough yet clear exposition of fundamental 
principles and concepts, describing both structure and function 
of molecules and how they interact with cell structures and 
organelles. It emphasises the primary importance and ubiquity 
of proteins in biological systems, relating each type of 
molecular complex to a functional theme. 


April 1979 
0471 69729 X 


520 pages 
$22.50/£11.95 


Mechanisms of Cell Change 


edited by J.D. Ebert, Marine Biological Laboratory, 
Woods Hale, Massachusetts 
and T. Okada, Kyoto University, Japan. 


An authoritative, timely, and concise volume focusing on the 
central problem of development, based on the essential 
mechanisms underlying the development of integrated 
multicellularity, diversified tissues, and organismic wholeness. 
it includes detailed coverage of recent Japanese discoveries, 
since Japan has emerged as one of the world’s centres of 
research in the field. The book is based on the proceedings of 
the 8th International Congress of the International Society of 
Developmental Biologists. 


April 1979 
0471 03097 xX 


358 pages 
$46.00/£24.00 


Contrasts in Behavior 


edited by E.S. Reese and F.J. Lighter, 
both of the University of Hawaii. 


An examination of the similarities and differences between 
various aquatic and terrestrial animal behavioural systems. 
This provides a wealth of background and reference material 
that offers fresh insights into both the methodology and some 
principles of animal behaviour. Parental care, Lekking 
behaviour, sexuality, lateral display, communication, thermo- 
regulation, aggregation, feeding, social behaviour, agnostic 
behaviour, social structure, and spacing, are all covered with 
comparison of diverse systems in new ways isuch as spacing 
systems between fish and birds and behavioural thermo- 
regulation between lake fishes and desert reptiles). Classical 
references are also examined. 


April 1979 
0471 71390 2 


420 pages 
$36.50/£19.50 


NEW YORK: CHICHESTER 


BRISBANE : TORONTO 





Methods of Biochemical Analysis 
Vol. 25 


edited by D. Glick, Stanford Research Institute, 
Menlo Park, California. 


Volume 25 of this ongoing series which deals with a particular 
determination or group of related determinants that are of 
great interest and use to biochemists. It includes chemical, 
physical, and biological assays, as well as basic techniques and 
instrumentation for the determination of enzymes, vitamins, 
hormones, lipids, carbohydrates, proteins, minerals, anti- 
metabolites. (Methods of Biochemical Analysis Series} 

April 1979 392 pages 
0471 04397 4 $38.95/£20.00 


Elements of General and Biological 
Chemistry 5th Ed. 


by J.R. Holum, Augsburg College, Minnesota. 


Focusing on chemistry as the molecular basis of life, this 
provides the necessary background for further studies and 
professional work in nursing and other allied health sciences, 
nutrition, physical education, and life sciences. It gives a broad 
view of biochemistry, covering carbohydrates, lipids, proteins, 
and enzymes, as well as the chemistry of respiration and 
clinically associated problems, and the chemistry of diabetes 
and of heredity. The book closes with a chapter on radiation and 
health and a study of radioimmunoassay. New emphasis is 
given to acid-base balance, blood gases, and the chemistry of 
respiration. 


April 1979 
0471 02224 1 


608 pages 
$19.50/£10.70 


Aspects of Biophysics 
by W. Hughes, Bowdoin College, Maine. 


intended for those who have a basic knowledge of physics, 
chemistry and biology and who wish to see how more of the 
elementary parts of physics may be applied to the study of living 
matter. The author introduces representative topics from 
biophysics with references for discussions and focuses on 
general results, methods, and analyses. 
April 1979 

0471 01990 9 


376 pages 
$21,.80/£11.95 


Schizophrenia: 
An International Follow-Up Study 


World Health Organization, Geneva. 

This volume reports on the two-year follow-up of patients 
included in the International Phot Study of Schizophrenia, a 
pioneering transcultural collaborative study of one of the most 
frequent, disabling and distressing mental disorders. The 
findings from nine countries reported here indicate important 
differences between the prognosis of schizophrenia in 
developing and developed countries, as well as the relation of 
these differences to psychosocial factors. 


April 1979 
0471 99623 8 


456 pages 
$34.00/£16.00 


John Wiley & Sons Limited 


Baffins Lane - Chichester - Sussex PO19 1UD - England 
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Amino acid >` 
analysis 
Amino Acid Determination: Methods 
and Techniques. Second edition. Edited 
by :S. Blackburn. Pp. 367. (Marcell 


Dekker: ‘New York and Basel, 1978.) 
Swiss Fr. 82. 





THIS will be a most useful book which’ . 


should find its way on to the shelves of 
every amino acid analyst. Old hands 
will find new and valuable information, 
and beginners will find a thorough 
introduction to the field. Perhaps its 
best features are the extensive and 
thorough bibliography which accom- 
panies each chapter and the author 
index, covering over 1,000 authors. 
Nevertheless, and despite its subtitle, 
this is not a laboratory manual in the 
sense of providing recipes and precise 
details of procedural matters. 

_ There are 13 chapters of which the 
editor has written a short introduction 
and recent history (chapter 1), an 
equally short tailpiece (chapter 13) and 
three other chapters. Of the remaining 
eight chapters, five are by George W. 
Robinson and the others by experts in 
their particular areas. 


Chapter 2 (by Blackburn) describes 
the preparation and hydrolysis ' of 
samples before analysis and is a useful 
survey of the methods and pitfalls in 
this necessary preliminary. There 
follow four chapters (3-6) by Robinson 
on the standard ‘ion-exchange methods 
used in modern automatic analysis, 
dealing with the theory, development, 
and practical aspects such as resins, 
buffers and detection systems. Chapter 
7, entitled “Automatic Analysers”, is 
the least satisfactory in the book. 
Admittedly, information on makes of 
instruments and their capabilities and 
defects is necessarily ephemeral 
material but it is nevertheless very 
valuable information for 
undertaking the purchase of a new 
analyser. This chapter could therefore 
have said much more ‘about the 
strengths and weaknesses of the 
different instruments and their makers. 
For example, although the editor 
mentions the Rank—Hilger Chromospek 
in chapter 1 as possessing some 
“novel features’, neither the instru- 
ment nor its features are mentioned 
in chapter 7. In fact, novel though 
they may be, there are serious dis- 
advantages that could well have been 
discussed and compared with the pres 
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and cons of other makers’ instruments. 

Blackburn’s chapter 8 on “Gas 
Chromatography” will be found useful 
by GC buffs ‘no doubt, but for a 


method which, in the words of the 


Editor in chapter 1, “has failed to dis- 
place the amino acid analyser” this 
chapter is extraordinarily long (78 pages . 
compared to a total of only 69 in chap- 


- ters 3-7 on the analyser). This may be 


necessary to do the method justice, as 
it.does have specialist uses; but the 
balance seems wrong. 

The use of computers in amino acid 
analysis is well covered in chapter 9, 
and chapter 10 is a rag-bag of mis- 
cellaneous procedures and applications 
containing a useful section on dansyl 
amino acids. An unexpected blessing, 
at least for those with medical in- 
terests, is chapter 11 on “Physiological 
Fluids’... This is a real mine of densely 
packed information. Finally, chapter 
12 is a useful account of the relatively .. 
new techniques using pyridoxal deriv- 
atives of amino acids. 
l W. Ferdinand 





W. Ferdinand is Senior Lecturer in Bio- 
chemistry at the University of Sheffield, 
UK. ' 





Viking r 
missions 


To the Red Planet. By Eric Burgess. 
(Columbia University Press: New York, 
1978.) $24.95. 





ALTHOUGH all the plates and other 
illustrations in this book are in black 
and white, this is more than com- 
pensated for by the actual choice of 
graphic material and the informed, 
balanced and stimulating text. ‘The 
opening chapters give a lucid account 
of the historical background and cur- 
rent state of knowledge regarding the 
planet Mars, the biophysical and bio- 
chemical bases of life as we know it, 
and how these topics relate to the ob- 
jectives of the Viking missions. 

- Passages devoted to spacecraft in- 
strumentation and hardware, which 
appear mainly in chapter 4, are treated 
in. the contexts . of the _ scientific 
fationale and’ mission planning. The 
émphasis here, as throughout the book, 
is sufficiently human in orientation that 
one does not lose sight of the involve- 
ment, the thoughts and reactions, of 
the project scientists; and the author 
pays. due- regard, to maintaining the 
requisite: ‘attention to scientific and 
technical detail. 

Burgess’ arranges his facts well: and 


combines ` them with lively narrative 


and wit, not born of offhandedness nor 


any trace of cynicism, but of the 
humour flexed by an author who really 
is in control of his material and who 
obviously feels a pressing need to com- 
municate this to a wide spectrum of 
readers. 

Each point of discussion is given a 
fresh paragraph, assisting the overall 
clarity, but a few sub-headings would 
not have gone amiss, particularly where 
the Viking lander experiments are 
described in chapter 7 and where con- 
clusions are drawn in the final chapter. 
But this is not a serious detraction: 
Possibly through modesty the author 
may not have regarded his work as a 
book of reference. In view of the 
selection of topics and pictures dis- 
cussed, and the high ‘standard of his 
own exposition, it certainly could be 
regarded as such, ` 

Burgess has undertaken a difficult 
task and performed it well; readers of 
the book will undoubtedly be rewarded. 
If they happen to be members of the 


public at large or specialists in planetary 


science, it will go a long way towards 
broadening their appreciation of the 
considerable amount of interdisciplinary 
thought, effort and coordination which 
has contributed to the’ success of the 
Mars Viking missions. ` ` 

D. J. Telfer 





D. J. Telfer is a Research Associate in the 
Lunar and Planetary Unit, Department of 
Environmental Sciences, University of 
Lancaster, UK. 
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Ageing of 
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Principles of Mammalian Ageing. 
Second edition. By R. R. Kohn. Pp. 
240. (Prentice-Hall: Englewood Cliffs, 
New Jersey, and Hemel Hempstead, 
UK, 1978.) $19; £13.85. 


DOOS O OAA 


GERONTOLOGY was born in optimism. 
It threatens to founder in verbiage. 
Papers and books are now appearing in 
quantity, while declining in quality, 
drowning the few really important 
studies in this field. Robert Kohn’s 
book was there at the beginning of the 
boom, and it stands aside from the in- 
formation explosion. Despite certain 
problems, this new edition restores to 
us a compact. well-written and refresh- 
ingly intelligent introductory text on 
the ageing of higher organisms. 

The book begins by exploring the 
progressive crystallisation and toughen- 
ing of inorganic materials as an analogy 
to illustrate ageing. It is an analogy 
which some may find weak and mis- 
leading, for ageing is manifest by 
increasing disorder rather than order. 
Nevertheless it serves the author’s pur- 
pose, for he moves on to an excellent 
summary of the ageing phenomena in 
the extracellular materials of the body. 
The following sections deal with ageing 
within cells, briefly covering the evi- 
dence for age-related changes in the 
dynamic renewal of cellular constituents 
and for long-term biochemical deterio- 
ration. This is followed by a carefully 
ordered chapter on ageing of cell popu- 
lations, which classifies cells according 
to their degree of continuing cell divi- 
sion within tissues. The rest of the book 
is concerned with the ageing of animals 
and here the author makes a good job 
out of the onerous task of summaris- 
ing a highly complex and contradictory 
field. 

The problem with the book is the 
author’s penchant for selecting two or 
three seemingly contradictory papers as 
representative of major fields of ageing 
research, which then allows him to 
conclude that this work is inconclusive. 
For example, there is excellent evidence 
that dividing cell populations such as 
mammary gland cells, antibody-pro- 
ducing cells or haematopoietic cells 
show some age changes during the 
lifespan of the individual and will 
eventually cease division, although they 
are capable of outliving the organism 
from which they are derived. The 
author fails to mention significant work 


in this field and uses sparse studies to — 


support a ‘no-evidence’ conclusion. He 
does the same with the exciting new 
field of the analysis of errors in macro- 
molecules of senescent cells, with work 
on histones, on the question of protein 


turnover, repair capacity, DNA syn- 
thesis and the genetics of ageing as a 
whole. A more penetrating analysis 
would have shown him that work which 
at first reading seems contradictory is 
in fact complementary, and would have 
enabled him to pick out the key papers 
in each field. This would have allowed 
him to draw constructive conclusions 
in each area, thus enriching the book. 

The author’s unwillingness to make 
conclusions derives in part from a cer- 
tain failure to properly grasp mole- 
cular, genetic and evolutionary con- 
cepts as a whole. He remakes the clas- 
sic faux pas that ageing exists because 
“old, non-reproductive animals com- 
pete with younger animals for food”, 
which is the same as saying that ageing 
exists because of ageing. Besides this, 
scientists usually have some inner 
vision which guides their work, es- 
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exploratory field as ageing research. To 
some, ageing is a process of headlong 
over-differentiation. To others it is an 
ineluctable entropic deterioration of 
biological information. Krohn seems to 
see ageing as a kind of crystallisation 
or fossilisation of biological materials. 
Each man to his own. But it is import- 
ant to be able to understand other 
researchers’ ways of looking at the 
problem. 

Yet it is easy to criticise a scientific 
text on the basis of selectivity. These 
criticisms do not alter the fact that the 
book hoids together very well. Now 
that the number of papers on ageing is 
somewhere at the five figure level, a 
coherent and thoughtful introductory 
text such as this is no mean feat. 

Stephen J. Fulder 


Stephen J. Fulder is about to take up a 
research post at the Brookdale Institute of 





pecially in such a complex and Gerontology, Jerusalem, Israel. 
Transfer structure. The essay by Crothers and 
Cole on conformational changes of 
RNAs tRNA in solution serves to provide a 
l physically based viewpoint complemen- 
Transfer RNA. Edited by S. Altman. tary to descriptions of structure in the 


Pp. 356. (MIT Press : Cambridge, Mas- 
sachusetts, and London, 1979.) $30; 
£21. 


THE concept of tRNAs as the essential 
links between nucleic acid and protein, 
has for over twenty years been a central 
theme of molecular biology in general 
and studies on protein biosynthesis in 
particular. It is now some thirteen years 
since the ‘state of the art’ was compre- 
hensively reviewed in a Cold Spring 
Harbor Symposium volume. Subsequent 
years have witnessed a veritable explo- 
sion in the literature, not only in clas- 
sical areas of tRNA research but also 
in new ones such as analysis of tRNA 
genes, tRNAs as primers of reverse 
transcriptase activity, and determina- 
tion of tRNA tertiary structure. 

It is thus more than timely for an 
overview of all these aspects of tRNA 
function. This book succeeds admirably 
in this task, by providing a number of 
reviews, all by leading authorities in the 
field. The introduction (by Zachau) 
serves to establish the subject in a his- 
torical perspective, as well as reminding 
us of the many questions still left un- 
answered. The impact of our know- 
ledge of the tertiary structure of just 
one tRNA is well illustrated throughout 
the book, and not only by the chapter 
on its crystal structure and immediate 
implications (by Kim). In particular, 
Clark’s chapter collating features of 
primary, secondary and tertiary struc- 
ture provides a fascinating account of 
the generalisations and clues to func- 
tion at the molecular level provided by 
the yeast phenylalanine tRNA crystal 


crystalline state. 

The contribution of Iglio and Cramer 
on tRNA synthetases and their sub- 
strate interactions, elegantly describes 
the current status in this area, to which 
Cramer’s group have themselves made 


many significant contributions. The 
beginnings of understanding at the 


molecular level are also discussed by 
Pongs in a chapter largely concerned 
with ribosomal and mRNA recognition 
in relation to protein synthesis. Both 
these chapters clearly indicate the im- 
portant directions to pursue in the 
future, difficult though they will be. 
Other sections in this book are more 
concerned with biological topics. Thus, 
Altman himself reviews the area of 
tRNA biosynthesis, and with Korner 
and Feinstein he discusses tRNA- 
mediated suppression. Many other roles 
of tRNA are reviewed by LaRossa and 
Söll, Nishimura, in a chapter on modi- 
fied nucleosides and  isoaccepting 
tRNAs, suggests that many of these 
regulatory roles involve modified 
residues, in as yet unrevealed ways. 
Throughout this book the sense of 
excitement still purveying many areas 
of transfer RNA study, come across 
very clearly. It can thus be recom- 
mended as a worthwhile and stimu- 
lating read for graduate and even 
advanced undergraduate students in 
molecular biology as well as for those 
workers more actively involved in the 
subject. 
Stephen Neidle 





Stephen Neidle works in the Department 
of Biophysics, King’s College, University 
of London, UK. 
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announcements 


Meetings 


27 May-1! June, 14th World Gas 
Conference of the International Gas 
Union, Toronto (F. H. Eliins, 
Canadian Gas Association, 55 Scars- 
dale Road, Don Mills, Ontario 
M3B 2R3). 

29 May-i June, Radioimmunoassay, 
Brescia (Centro Congressi del Garda, 
Villa Alba, Gardone Riviera (Brescia) 
Italy). 

8-10 June, Multidisciplinary Aspects of 
Brain Tumour Therapy, Brescia 
(Centro Congressi del Garda, Villa 
Alba, Gardone Riviera (Brescia) Italy). 
12 June, Weed Workshop °79, Oxford 
(ARC Weed Research Organisation, 
Begbroke Hill, Yarnton, Oxford, UK). 
13-15 June, Ultrasoft X-ray Micro- 
scopy, New York (Conference Director, 
The New York Academy of Sciences, 
2 East 63rd St, New York, New York 
10021). 

18-20 June, Anion Transport in 
Epiihelia, Isolated Cells and Cell 
Membranes, New York (Conference 
Director, The New York Academy of 
Sciences, 2 East 63rd St. New York, 
New York 10021). 

10-15 June, Specialised Membrane 
Functions, Rome (Prof. L. Masotti, 
Istituto di Chimica Biologica, Ospedale 
Maggiore, Via Cramsci 14, Parma, 
Italy). 

18-22 June, 20th Advanced Course of 
Clinical Oncology, Milan (Lucia Man- 
fredi, Ufficio Attivita Didattiche, 
Istituto Nazionale Tumori, Via G. 
Venezian, 1 20133 Milan, Italy). 

18-21 June, Metabolic Effects of 
Alcohol, Milan (Nutrition Foundation 
of Italy, Via S. Pietro al?Orto 17 
20121 Milan, Italy). 

2-6 July, Automatic Control in Space 
Symposium, London (The Institute of 
Measurement and Control, 20 Peel 
Street, London W8, UK). 

17-24 July, 2nd International Congress 
of Systematic and Evolutionary Bio- 
logy, Vancouver (University of British 
Columbia, Vancouver, Canada). 

24-26 July, 6th International Sym- 
posium of Synthesis in Organic 
Chemistry, Cambridge (Dr John 
Gibson, The Chemical Society, 
Burlington House, London W1, UK). 
25-27 July, Food Control in Action 
Symposium, Guildford (Dr D. A. 
Rosie, Department of Food Science 
and Applied Biology, Polytechnic of 
the South Bank, Borough Road, 
London SEI, UK). 

20-25 August, 3rd International Con- 


ference on Surface and Colloid Science, 
Stockholm (The Swedish Institute for 
Surface Chemistry, c/o Stockholm 
Convention Bureau, Strandvagen 7 c, 
S-114 56 Stockholm, Sweden). 

2-6 September, 7th International 
Meeting of the International Society 
for Neurochemistry, Jerusalem (Prof. 
S. Gatt, Department of Biochemistry, 
Hadassah Medical School, Hebrew 
University, P.O. Box 1172, Jerusalem, 
Israel). 

2-7 September, Regulation and Func- 
tion of Neural Peptides, Brescia (Marco 
Trabucchi, M.D., Ente Universitario 
Lombardia Orientale, Istituto di 
Farmacologia e Terapia, Via Val- 
sabbina, 19, 25100-Brescia, Italy). 

2-7 September, 10th International Hot 
Atom Chemistry Symposium, Lough- 
borough (Dr D. J. Malcome-Lawes, 
Chemistry Department, Loughborough 
Institute of Technology, Lough- 
borough, Leicestershire, UK). 

3-6 and 6-7 September, Conference on 
Bio-medical Applications of Lasers 
and Lasers in Photomedicine and 
Photobiology, Florence (Prof. R. 
Pratesi, Laboratorio di Elettronica 
Quantistica, Via Panciatichi 56/30, 
Firenze, Italy). 

3-6 September, EMAG °’79, Brighton 
(Meetings Officer, The Institute of 
Physics, 47 Belgrave Square, London 


SWI, UK) 
3-7 September, Mass Spectrometry, 
Swansea (Mrs S. Leclercq, The 


Chemical Society, Burlington House, 
Piccadilly, London W1, UK). 

4-7 September, Viral Enteritis in 
Humans and Animals, Yvelines (Dr R. 
Scherrer, Station de Recherches de 
Virologie et d'Immunologie, 78850 
Thiverval-Grignon, France). 

9-14 September, 7th International 
Meeting of the International Society 
for Oncodevelopmental Biology and 
Medicine, Guildford (A. M. Neville, 
Ludwig Institute for Cancer Research, 
The Haddow Laboratories, Sutton, 
Surrey, UK). 

10-12 September, 4th Annual Sym- 
posium of the Uranium Institute, 
London (Ms J. Murray, Uranium 
Institute, New Zealand House, Hay- 
market, London SWI, UK). 

10-12 September, Biennial Polymer 
Physics Conference, Weybridge (The 
Meetings Officer, The Institute of 
Physics, 47 Belgrave Square, London 
SWI, UK). 

10-20 September, International Sym- 
posium on Rift Zones of the Earth, 
Jerusalem (Dr Zvi Garfunkel, Depart- 


xix 


ment of Geology, Hebrew University 
of Jerusalem, Jerusalem, Israel). 
10-13 September, 12th Annual Quan- 
tum Chemistry Conference, Oxford 
(Dr P. J. Grout, Theoretical Chemistry 
Department, 1 South Parks Road, 
Oxford). 

10-15 September, International Anaes- 
thesia Postgraduate Course, Vienna 
(Vienna Medical Academy, Alser 
Strabe 4, A-1090 Vienna, Austria). 
10--13 September, Cellular Responses to 
Mutagens and Carcinogens, Brighton 
(Prof. R. J. Cole, School of Biological 
Sciences, University of Sussex, 
Brighton, UK). 

10-14 September, EUCHEM Con- 
ference on Organic Free Radicals, 
Cirencester (Dr J. F. Gibson, The 
Chemical Society, Burlington House, 
London W1, UK). 

10-14 September, Management Studies 
for R & D Chemists 1979, Slough (Mrs 
S. Leclercq, The Chemical Society, 
Burlington House, London W1, UK). 
10-14 September, Inorganic Bio- 
chemistry, Oxford (Mrs S. Leclercq, 
The Chemical Society, Burlington 
House, Piccadilly, London W1, UK). 
16-21 September, 30th Annual Session 
American Association for Laboratory 
Animal Science, Atlanta (Mr J. J. 
Garvey, AALAS, 2317 W. Jefferson 
Street, Suite 208, Joliet, Ilinois 60435). 
16-26 September, Advances in Radia- 
tion Protection and Dosimetry and 
Medicine, Sicily (Prof. V. Perez- 
Mendez, Building 450, Lawrence 
Berkeley Laboratory, University of 
California, Berkeley, California 94720). 
17-21 September, Advances in Crop 
Production and Crop Protection, 
Reading (Dr J. M. Thresh, Association 
of Applied Biologists, East Malling 
Research Station, Maidstone, Kent, 
UK). 

18-20 September, 2nd World Filtration 
Conference, London (Dr Albert 
Rushton, University of Manchester 
Institute of Science and Technology, 
Manchester, UK). 

19-21 September, 4th National 
Quantum Electronics Conference, 
Edinburgh (Dr B. S. Wherrett, Physics 
Department, Heriot-Watt University, 
Edinburgh, UK). 

1-4 October, B Cell Differentiation 
and Idioetypes, Paris (Inserm Con- 
ferences, 101 rue de Tolbiac, 75645 
Paris Cedex 13, France). 

1-5 October, 15th Congress of the In- 
ternational Union of Game Biologists, 
Dublin (Fergus O’Gorman, 44 North- 
umberland Road, Dublin 4, Ireland). 
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20-26 September, World Book Fair on 
Telecommunications and Electronics, 
Geneva (Mr A. G. El-Zanati, 18 quai 
Ernest-Ansermet, CH-1211 Geneve 4, 
Switzerland). 

23-26 September, International Sym- 
posium on Inborn Errors of Meta- 
bolism in Humans, Interlaken (Mrs 
Sonja Wyss, Medizinisch-chemisches 
Institut, Universitat Bern, Buhlstrasse 
28, CH-3000 Bern 9, Switzerland). 
23-27 September, Gene Transfer and 
Functional Analysis in Somatic Cells, 
Paris (Inserm Conferences, 101 rue de 
Tolbiac, 75645 Paris Cedex 13, France), 
24-28 September, Growth and Proper- 
ties of Metal Clusters: Applications to 
Catalysis and the Photographic Process, 
Villeurbanne-Lyon (Societe de Chimie 
Physique, 10 Rue Vaquelin, Paris 5). 
24-28 September, 3rd International 
Reunion for the History of Nautical 
Science and Hydrography, London 
(The Conference Officer, National 
Maritime Museum, Greenwich, Lon- 
don, UK). 

25 September, Materials Selection for 
Wear Resistance, Uxbridge (The Meet- 
ings Secretary, The Institution of 
Metallurgists, Northway House, Whet- 
stone, London N20, UK). 

25-27 September, Organization of 
Macromolecules in the Condensed 
Phzse, Cambridge (Mrs Y. A. Fish, 
Faraday Division, The Chemical 





Reports & publications 


Other countries—-March 


United States Department of the Interior: Geological 
Survey. Professional Paper 907-E: The Potential for 
Porphyry Copper-Molybdenum Deposits in the 
Eastern United States. By Robert Gordon Schmidt. 
Pp.v+31. Professional Paper 1060: Deformation of 
the Roberts Mountains Allochthon in North-Central 
Nevada. By James G. Evans and Ted G. Theodore. 
Pp. iii+ 18+ 2 plates. (Washington, DC: US Govern- 
ment Printing Office, 1979.) [153 

Economic and Social Commission for Asia and the 
Pacific. Committee for Co-ordination of Joint Pros- 
pecting for Mineral Resources in Asian Offshore 
Areas (CCOP). Technical Bulletin Vol. 12: Contribu- 
tion to Knowledge of Tectonics and Mineral Resources 
in East Asia. Pp. v+ 108. (Tokyo: Overseas Geology 
Office, Geological Survey of Japan, 1978.) {163 

Clinton Laboratories, Santa Monico, CA. Technical 
Papers. No. 1: Interconversion of Enzyme Units. 
By Sylvan M. Sax. Pp. 24. No. 2: Use of Indicator 
Enzymes for Measurement of Endogenous or Enzyme- 
Liberated Ammonia. By Dr. David M. Goldberg. 
Pp. 32. No. 3: SI Units in the Clinical Laboratory. 
By Dr. Sylvan M. Sax. Pp. 50. (No. 1 34; No, 2 $5; 
No. 3 $6.) (Santa Monica, CA: Clinton Laboratories, 
1805 Colorado Avenue, 1972, 1978 and 1979.) {163 

Rand 1977-1978. Pp. viii+ 136. (Santa Monica, 
CA: The Rand Corporation, 1700 Main Street, ne 


International Atomic Energy Agency, Vienna, 
Technical Reports Series, No. 192: Environmental 
Isotopes Data No. 6—World Survey of Isotope 
Concentration in Precepitation (1972-1975). (Report 
from a Network Organised by the International 
Atomic Energy Agency, in co-operation with the 
World Meteorological Organization and Co-operating 
National Laboratories.) Pp. xix+ 187. (Vienna: Inter- 
national Atomic Energy Agency, 1979.) US$16 [203 

Journal of Immunopharmacology, Vol. 1, No. HL 
1978/1979, Executive Editor: Alan M. Reynard. 
Pp. 1-125. Subscription rate for Vol. 1, 1978/79 $40 
(prepaid). Special discounted rate for individual sub- 
scriptions $20 per volume. (New York: Marcel Dekker 
Journals, PO Box 11305, Church Street Station, at 

Scripps Institution of Oceanography, 1978. 75th 
Anniversary Edition. Pp. 66. (San Diego, CA: Scripps 
Institution of Oceanography, University of aaa 

Lincoln Laboratory, Massachusetts Institute of 
Technology. Seismic Discrimination, 30 September 
1978. (Semiannua! Technical Summary.) Pp. viii-+ 74. 
(Lexington, Mass,: Lincoln Laboratory, MIT, Bri 


Ninth Report of the Joint Panel on Oceanographic 
Tables and Standards, Unesco, Paris, 11-13 September 


Society, Burlington House, Piccadilly, 
London W1, UK). 


25-26 September, Hydrocarbons in 
Biotechnology, Canterbury (Ms IL. 
McCann, Conference Department, 
Institute of Petroleum, 61 New Caven- 
dish Street, London W1, UK). 


26 September, Computer Modelling in 
Ultrasonics, London (Dr L. J. Bond, 
Physics Department, City University, 
Northampton Square, London ECI, 
UK). 

27-28 September, Workshop on The 
Uses of Oestrogens as Carriers of 
Cytotoxic Agents in Hormone Recep- 
tive Tumours, Diepenbeek (Dr J. Raus, 
Dr L. Willems-Institut, Universtaire 
Campus, B-3610 Diepenbeek, Belgium). 
28-29 September, Steroid Induced 
Uterine Proteins, Marburg (Dr M. 
Beato, Inst. Physiol. Chemie, 3550 
Marburg, Germany). 


7-11 October, Genetic Control and 
Diseases, Paris (Inserm Conferences, 
101 rue de Tolbiac, 75645 Paris Cedex 
13, France). 

22-24 October, 19th Annual Hanford 
Life Sciences Symposium, Richland 
(Mrs J. A. Rising, Biology Department, 
331 Building, Batelle, Pacific Northwest 


Laboratories, Richland, WA 99352). 

30 October-2 November, Separation 
Science and Technology for Energy 
Applications, Gatlinburg (Mr A. P. 


1978. (Sponsored by Unesco, ICES, SCOR, IAPSO.) 
Pp. 32. (Paris: Unesco, 1979.) {213 

World Health Organisation. Technical Report 
Series No, 633: Training and Utilization of Auxiliary 
Personnel for Rural Health Teams in Developing 
Countries—Report of a WHO Expert Committee. 
Pp. 35. (Geneva: WHO; London: HMSO, 1979.) 
Sw.fr.5. {223 

United States Department of the Interior: Geological 
Survey. Bulletin 1456: Mercury Deposits in Turkey. 
By M. Yildiz and Edgar H. Bailey. Pp. v+ 80. (Wash- 
ington, D.C.: U.S. Government Printing Office, adie 


Smithsonian Contributions to Zoology, No. 245: 
Gammaridean Amphipoda of Australia, Part IH: The 
Phoxocephalidae, By J. Laurens Barnard and Margare 

Drummond, Pp. viii+55!. (Washington, DC: 
Smithsonian Institution Press, 1978. For sale by US 
Government Printing Office.) {233 

Eastman Kodak Company. 1978 Annual Report. 
Pp. 40. (Rochester, New York: Eastman Kodak 
Company, 1979.) (233 

Report of the Finnish Geodetic Institute. 78:8: 
Ranging Precision of the Finnish Satellite Laser Range 
Finder. By Juhani Kakkuri, Ossi Ojanen and Matti 
Paunonen, Pp. 11. 79:1: On the Analysis of the Return 
Pulse of the Satellite Laser. By Ossi Ojanen. Pp. 33. 
(Helsinki: Geodeettinen Laitos, Pasilankatu 43 A, 
1978 and 1979.) {233 

Why be Quantitative About Radiation Risk Esti- 
mates? By Sir Edward E, Pochin. (The Lauriston S. 
Taylor Lecture Series in Radiation Protection and 
Measurements, No. 2.) Pp. 36. (Washington, DC: 
National Council on Radiation Protection and Measure- 
ments, 7910 Woodmont Avenue, 1978.) $6. {263 

International Agency for Research on Cancer. 
Annual Report, 1978. Pp. 185. (Lyon, France: Inter- 
national Agency for Research on Cancer, 1978.) 
Sw. fr. 2. [263 

Bulletin of the American Museum of Natural History. 
Vol. 162, Article 3: The Jurassic Turtles of North 
America. By Eugene S. Gaffney. Pp. 91-136. (New 
York: American Museum of Natural History, 1979.) 
$3. {263 

Zeneth Radio Corporation. Annual Report, 1978. 
Pp. 20. (Glenview, Hlinois: Zenith Radio Corporation, 
1979.) [263 

Smithsonian Contributions to Zoology. No. 279: 
Bredin-Archbold-Smithsonian Biological Survey of 
Dominica. The Superfamily Scarabaeoidea (Coleoptera). 
By Oscar L. Cartwright and FortunéE, Chalumeau, Pp. 
iv+ 32. No. 286: Fishes of the Genus Eviota of the Red 
Sea with Descriptions of Three New Species (Teleostei: 
Gobiidae). By Ernest A. Lachner and Susan J. Karnella. 
Pp. iii+ 23. (Washington, DC: Smithsonian Institution 
Press, 1978. For sale by US Government Printing OTe 


Annals of the Transvaal Museum. Vol. 31, No. 9: 
Nepticulidae of Southern Africa—a Taxonomic 
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Malinauskas, Oak Ridge National 
Laboratory, PO Box X, Oak Ridge, 
Tennessee 37830). 


8-10 November, International Sym- 
posium on Trisomy 21, Rapallo (Prof. 
M. Fraccaro, C,P. 217, 1-271CO Pavia). 
8-10 November, 12th Danube Sym- 
posium on Neurological Sciences, Inns- 
bruck (Vienna Medical Academy, Alser 
Strabe 4, A-1090 Vienna, Austria). 
8-10 November, Albert Einstein as an 
Intercultural and Interdisciplinary Phe- 
nomenon: His Influence in all Fields of 
Thought, New York (University Centre 
for Cultural and Intercultural Studies, 
Hofstra University, Hempstead, New 
York 11550). 

12-16 November, World Conference 3 
on Breeding Endangered Species in 
Captivity, San Diego (Ms J. Hammer- 
shoy, Conference Coordinator, San 
Diego Zoo, PO Box 551, San Diego, 
California 92112). 

23-24 November, Latest Therapy of 
Urethral Stricture in Male; Indication, 
Technique, Postoperative Care and 
Late Results with Staghorn Calculi, 
Vienna (Vienna Medical Academy, 
Alser Strabe 4, A-1090 Vienna, 
Austria). 

27-30 November, On Protection of 
Workers against Noise, Dresden 
(Organisationsburo, PostchlieBfach 105, 
DDR-8020, Dresden). 





Revision of the Genus Stigmella Schrank (Lepidoptera: 
Monotrysia). By M. J. Scoble. Pp. 88-1304 i plate. 
Vol. 31, No. 10: Ecological Distribution of the Mam- 
mals of the Transvaal) Vertebrata: Mammalia). By 
I. L. Rautenbach. Pp. 131-156. Vol. 31 No. 11: Three 
Species of Microchiropteran Bats Recorded for the 
First Time from the South-West Cape Biotic Zone. 
By L L. Rautenbach and J. A. J. Nel. Pp. 157-164. 
Vol. 31, No. 12: Dental Abnormalities in Crocidura 
mariquensis (A. Smith, 1844) (Mammalia: Soricidae). 
By N. J. Dippenaar Pp. 165-168. Vol. 31. No. 13: 
A New Glossiphonia Species trom South Africa (Hiru- 
dinea: Glossiphoniidae). By J. H. Oosthuizen. Pp. 169-- 
176. Vol. 31, No. 14; A New Limestone Cave Breccia 
from Viakplaats Near Pretoria. By E. S, Vrba and 
D. C. Panagos. Pp. 177-184. Vol. 31, No. 15: A Fossil 
Felid Femur Formerly Considered to Be Hominid 
(Mammalia: Felidea). By Ivan Suzman, Pp. 185-188. 
Vol. 31, No. 16: Observations of the Natural History of 
Peringuey’s Adder Bitis peringueyi (Boulenger) (Rep- 
tilia: Viperidae). By Michael D. Robinson and David 
A. Hughes. Pp. 189-193 4-3 plates. (Pretoria: Transvaal 
Museum, 1978.) {273 

Loess Letter, No. 1, April 1979. (informal newsletter 
of the Western Pacific Working Group of the INQUA 
Loess Commission.) Pp. 8. (Lower Hutt, New Zealand: 
lan Smalley, DSIR, Soil Bureau, 1979.) [273 

Annals of the South African Museum. Vol. 77, 
Part 6: Cretaceous Faunas from Zululand and Natal, 
South Africa. The Ammonite Superfamily Haplocera- 
taceae Zittel, 1884. By William James Kennedy and 
Herbert Christian Klinger. Pp. 85-121. Vol. 77, Part 7: 
A New Genus and Species of Solenoceridae (Crustacea, 
Decapoda) from South-East African Waters. By 
Antonio J. de Freitas. Pp. 123-131. Vol. 77, Part 8: 
Type Specimens of Hydroida (Coelenterata) in the 
South African Museum. By N. A. H. Millard. Pp. 134—- 
150. (Cape Town: South African Museum, 1979.) {273 

United States. National Academy of Sciences: 
National Research Council. Radiochemistry of Bis- 
muth. By Kashinath S. Bhatki, and Bhabha Atomic 
Research Centre, Trombay, Bombay, India. Pp. vit 142, 
(Nuclear Sciences Series.) (Springfield, Virginia: 
National Technical [Information Service, US Depart- 
ment of Commerce, 1977.) $4.75. (273 

Almanac for Computers for the year 1979, (Wash- 
ington, DC: Nautical Almanac Office, United States 
Naval Observatory, 1979.) {273 

Smithsonian Contributions to Paleobiology, No. 38: 
Tertiary and Quaternary Brachiopods from the South- 
west Pacific. By G. Arthur Cooper. Pp. iv+ 23. (Wash- 
ington, DC: Smithsonian Institution Press, 1978. For 
sale by US Government Printing Office.) {273 

South African Institute for Medical Research. 
Annual Report, 1977. Pp. 115. (Johannesburg: South 
African Institute for Medical Research, 1979.) {273 

Swedish Institute. Current Sweden, No. 212: Swedish 
Data Policy, By Jan Freese. Pp. li (Stockhoim: 
Swedish Institute, Box 7434, 1979.) {293 
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APPOINTMENTS VACANT 


STRUCTURAL 
MOLECULAR 
BIOLOGIST 


Position now available in the 
Biology Department of 
Brookhaven National 
Laboratory fora structural 
molecular biologist with 
considerabie experience in 
instrumentation in the field 
of small angle scattering. The 
appointment is to the 
Scientific Staff. The scientist 
will be involved inthe 
development of the 
Brookhaven National 
Laboratory Synchrotron 
facilities for use in small 
angle scattering experiments. 
Applicants should submit a 
curriculum vitae (including a 
list of publications) and the 
names of three references to: 
Dr. Benno P. Schoenborn 
Biology Department 
Brookhaven National 
Laboratory 
Associated Universities, Inc. 
Upton, Long Island, NY 11973 


Equal Opportunity Empioyer 
mit 





THE QUEEN'S 
UNIVERSITY OF 
BELFAST 
RESEARCH ASSISTANT 


Marine Biology Station, 
Portaferry 

This project involves a 
study of the effects of ligħt 
fluctuations on marine phyto- 
plankton photosynthesis and 
growth. The post, tenable for 
three years, will be financed 
by the N.E.R.C. Commencing 
salary £3,384 on a scale 
(under review) rising to £3,885 
per annum plus U.S:S. 

Further particulars may be 
obtained from Dr G. Savidge, 
Queen’s University of Belfast, 
Marine Biology Station, Porta- 
ferry, Co Down BT22 IPF, 
Northern Ireland. 

Applications, giving the 
names and addresses of two 
referees, should be sent to 
the Personnel Officer, The 
Queen’s University of Belfast, 
BT? INN, Northern Ireland. 
Closing date: May 31, 1979. 

688(A) 





UNIVERSITY COLLEGE 


DUBLIN 
DEPARTMENT OF 
BIOCHEMISTRY 
Applications are invited for a post 
as RESEARCH TECHNICIAN in 
the above Department. The successful 
applicant will assist in a special pro- 
ject sponsored by Nordic Cold Storage 
Ltd., should hold NCEA. or 
LM.L.S. qualifications and preferably 
with subsequent laboratory experience, 
Appointment will be on an annual 
basis for up to three years on a 

scale: 


Technician £71.67 by four incre- 
ments—-£82.35 per week 
Senior Technician £85.31 by four 


increments—-£96.78 per week 
at a level commensurate with qualifi- 
cations and experience, 

Applications giving details of 
qualifications and experience and the 
names of two referees should be for- 
warded before May 31, i979 to one 
of the following addresses: 

The Secretary, Department of 
Biochemistry, University College, 
Belfield, Dublin 4 or Mr W. J. A. 
Fearn, 1, The Sanctuary, Westminster 
SWIP 3JT, London, England. 

TASCA) 








ATMOSPHERIC 
SCIENTIST 

to work in well-equipped laboratory, 
with a team on the atmospheric plan- 
etary boundary layer. The team is in- 
volved at a fundamental level in all 
aspects of the lower troposphere, and 
work in progress includes airborne 
measurement studies and theoretical 
modelling of the surface layer, clouds 
and precipitation. Requires Ph D., or 
equivalent, in related area. Must de 
skilled with computer programming, 
numerical methods and mathematical 
analysis. A good background in physi- 
cal understanding is important and 
ability to participate in all aspects of 
the programme is desirable. The level 
of appointment is dependent upon 
ability and qualifications, and oppor 
tunities exist for contributing to train- 
ing graduate students and lecturing. 
Minimum starting salary $18,000 plus 
liberal benefits. Send resume post- 
marked by June 30, 1979 to Personnel 
Department, Desert Research Institute, 
University of Nevada System, P.O. 
Box 60220, Reno, Nevada 89506. 
Affirmative Action/Equal Opportunity 
Employer. W 102A) 
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UNIVERSITY OF 
CAMBRIDGE 
DEPARTMENT OF GENETICS 
RESEARCH ASSISTANT 

A position is available, from Octo- 
ber 1, 1979, for 3 years, on a research 
project funded by the Science Re- 
search Council, for a research assist- 
ant; experience in Drosophila genetics 
would be an advantage but nat essen- 
tial. Salary at age 24, £3,883, under 
review, 

Further details may be obtained 
from Dr M. Ashburner fo whom ap- 
plications, with the names of two 
referees, should be sent to reach him 
by June 30, 1979, Department of 
Genetics, Downing Street, Cambridge 
CH2 3EH. 708( A} 


UNIVERSITY COLLEGE 
CARDIFF 


Applications are invited for the 


post of 


RESEARCH ASSISTANT 


of PHYSIOLOGY 
Physiology of the 
the Domestic Fig, 
The research is supported by an 
A.R.C. grant for a period of three 
years, and will involve experiments 
to study the roles of the autonomic 
nervous system and endocrine system 
in the regulation of the nasal mucosa. 
More information about the project 
will be provided by Dr R. Eccles, 
Department of Physiology, University 
College, P.O. Box 78, Cardif CFI 
XL. Salary range: Within R. & A. 
LA £3,883 to £4,882 per annum., 
Duties to commence September 1979. 

Applications (two copies), together 
with the names and addresses of two 
referees, should be forwarded to the 
Wice-Principal (Administration) and 
Registrar, University College, P.O. 


in the Department 
to work on the 
Nasal Mucosa of 


Box 78, Cardiff CFI IXL, Closing date 
1779, 
FSHA) 


June 7, 1979. Reference 








THE BRITISH COUNCIL 


invites applications for the following 
posts: 


1. Lecturer in Mineral Economics 
or Economics Geology 


2. Lecturer in Rural Sociology 
(Brazil) 
Federal University of Paraiba, Joao 
Pessoa (required for August 1979) 
To tecture to undergraduate and 
postgraduate students and for post (2) 
to develop research activities. 
Qualifications: PhD with at least 2 
years’ university teaching experience 
or MSc. with 5 years’ relevant experi- 
ence (iQ years preferred), Age range 
over 30. A knowledge of or willing- 
ness to learn Brazilian Portuguese 15 
necessary. Salary: Cr$33,000 to Cr$4i,- 
000 per month according to qualifica- 
tions. (Cr$49.04 equals £1 at 24/4/79). 
Benefits: 2-year guaranteed contract. 
Return fares are paid. Local con- 
tracts are guaranteed by the British 
Council, Please write briefly stating 
qualifications and length of appro- 
priate experience, quoting relevant re- 
ference number and title of post for 
further details and application form 
to The British Council (Appointments) 
63 Davies Street, London WILY 2AA, 
698(A) 





BRITISH CELLOPHANE LIMITED 


RESEARCH INTO POLYPROPYLENE FILMS 


An imaginative optical physicist is required at the 
Company’s principal site in Bridgwater, Somerset. To 
work on the morphology and structure of oriented 


polypropylene films. 


This is an opportunity to become involved in a research 
programme seeking fundamental information on which 
to base a new generation of packaging films. 

The successful candidate will be expected to initiate or 
maintain liaison with University staffs working in related 


fields. 


There will be opportunities for publication on some 
of the theoretical aspects of the work, and for other 
aspects it is expected the Company will seek patent 


coverage, 


Applicants must be self-motivating and have a first 
class degree plus relevant research experience in the 


academic or industrial fields. 


An attractive salary is offered and the conditions of 
service are those normally associated with a progressive 
company. These include extensive technical library facili- 
ties and a contributory staff pension scheme. Assistance 
with relocation expenses can be given where necessary. 


d 






ee fee ETE E ER f 


Please apply in writing or by telephone 
to Mr R. C. Rudd, Group Personnel 
Department, 
Bath Road, Bridgwater, Somerset TA6 
4PA. Tel: 0278 4321 ext. 558. 


British Cellophane Ltd., 
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NATIONAL INSTITUTE FOR RESEARCH IN 


DAIRYING 
(UNIVERSITY OF READING) 


NUTRITION DEPARTMENT 


A graduate is required to participate in a programme 
of fundamental research into the physiological role of 
trace nutrient binders in milk and other foods. The 
work will be mainly concerned with the isolation, 
characterisation and comparative biochemistry of 
binding substances from milks of different mammalian 
species, in particular from bovine and human milk. 
The appointed person will work within a small group 
studying binding substances and will be expected to 
initiate and execute experimental work with a mini- 
mum of supervision. 


Qualifications: First or Upper Second class Honours 
Degree in biochemistry or recently qualified Ph.D. 
Applicants with experience in protein chemistry and 
enzymology will be at an advantage. 


Appointment will be as Scientific Officer (£2,839 to 
£4,415) or Higher Scientific Officer (£4,101 to £5,448) 
according to qualifications and experience. At least 
two years’ relevant postgraduate experience is required 
for appointment as H.S.O. Non-contributory super- 
annuation scheme. 


Application forms are obtainable from the Secretary, 
NIRD, Shinfield, Reading RG2 9AT. Quote reference 
79/15. 595(A) 





. Division of Hormones 


Postdoctoral 
Scientist 


Required to work on a three-year project as part of a team 
and to collaborate with other groups engaged on studies of 
the mechanism of action and secretion of hormones; for 
studies on the mechanism of coupling between hormone 
receptors and adenylate cyclase systems in cell membranes, 
using cell fusion techniques. 


A knowledge of biochemical endocrinology, cell membrane 
systems and/or cell fusion processes would be an advantage. 


Salary in accordance with age and experience, on university 
lecturing scales. 


Application form and further details from The 
Personnel Section, NIBSC, Holly Hill, Hampstead, 
London NW3 6RB. Tel: 01- 

435 2232, ext. 200. (Please i 

quote reference number 

HO/277). | 


National institute for Biological Standards and Control 
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IMMUNOPHARMACOLOGIST 


The Reaearch Unit of Organon Laboratories Limited is an integra! 
part of the Scientific Development Group of Organon International, 
a major international pharmaceutical company based in the 
Netherlands. 








Applications are invited for this major appointment in our Bio- 
chemistry R. & D. Department. This department is responsible for 
long term research aimed at the development of new drugs for 
treating chronic inflammatory diseases with emphasis on the 
involvement of the immune response. This is a challenging post 
working as part of a young and-enthusiastic interdisciplinary team 
within arapidly developing area of research. 


Suitable candidates will already be working on the immunological 
aspects of chronic inflammation and have a Ph.D degree with several 
years postdoctoral experience. 


The successful candidate will be expected to maintain and develop 
his expertise and reputation in the field by attendance at scientific 
meetings and by publication of his research results. 


The initial salary will be based on qualifications and experience and 
will be commensurate with the responsibilities of the position. 
Conditions of employment are in keeping with good modern 
practice and assistance with relocation expenses will be available 
in appropriate cases. 


Applications should be sent to the Personnel Manager, Organon 
Laboratories Limited, Newhouse, Lanarkshire, ML1 55H. 730{A) 


Organon 





INSTITUTE OF DENTAL SURGERY 
BRITISH POSTGRADUATE MEDICAL FEDERATION 
UNIVERSITY OF LONDON 


Applications are invited for the post of 
HEAD OF DEPARTMENT/SENIOR LECTURER 
in the Department of Microbiology. 


Previous dental experience is not essential, but applicants 
should have a postgraduate degree in the medical/dental or 
biological sciences and research experience. If appropriate, the 
successful candidate will be given honorary consultant status 
by the associated Eastman Dental Hospital. 


Salary will be on one of the following scales: 


Non-clinical £7,506 to £9,263 plus £502 L.W. 
Clinical £6,982 to £9,670 plus £354 L.W. 
Clinical with honorary consultant status £9,528 to 
£12,084 plus £354 L.W. 
(Salary awards pending on scales). 
Applications and/or enquiries to Mrs C. L. Fox, Deputy 
Secretary, Institute of Dental Surgery, Eastman Dental Hos- 
pital, 256 Gray’s Inn Road, London WC1X 8LD. TOO(A) 





LIVERPOOL POLYTECHNIC 
Department of Chemistry and Biochemistry 


RESEARCH ASSISTANT 


£2511—£2697 


Applications are invited for an L.E.A. research assistant to work 
with Dr. D. Billington on biochemical mechanisms involved in 
mammalian bile formation, with particular reference to hepatic bile 
salt transport. 

Application forms and further particulars may be obtained 
from The Personnel Office, Richmond House, 1 Rumford | 
Place, Liverpool L3 9RH. or by telephoning Dr. Billington 
on 051-207 3581 Ext. 32. 





Please quote reference L.P.284. 724(A) 
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Division of Computing Research 


xxili 


AUSTRALIA. 


Canberra A.C.T. 


General Manager (4 positions) 
Section Leader (6 positions) 
Research Scientist (several positions) 
Experimental Officer (System Specialist) (4 positions) 


General 

The Commonwealth Scientific and Industrial Research Organisation 
(CSIRO) is a statutory authority established in 1949 by act of the 
Australian Parliament. The functions of CSIRO include carrying out 
and facilitating the application and utilisation of scientific research to 
assist Australian industry, furthering the interests of the Australian 
community, and contributing to the achievement of Australian national 
objectives. 

The Division of Computing Research (DCR) is responsible for the 
research, development, maintenance and operation of systems and 
equipment used by the national computing facility, named CSIRONET. 
The facility serves CSIRO, Government Departments and Instrument- 
alities, and other approved users. CSIRO, through DCR, is also called 
on to advise Government and others on computing policy and 
requirements. it has an annual revenue in excess of $6 million, and 
employs about 140 staff. The functions of DCR have recently been 
reviewed, leading to the restructuring of the Division into four Branches 
to meet the computing needs of its users as these requirements increase 
in quantity and complexity and change in direction, Each Branch 
comprises a number of research and development Sections and/or 
support Sections. 

Each research and development Section comprises a research leader, 
at least one other research scientist, together with an appropriate 
support staff. The Sections solely engaged in support or co-ordination 
are notled by research staff. With few exceptions it is expected thatthe 
members of a Section will be located together. Each present or 
proposed Section is placed in a capital or large provincial city which 
includes at least one university and other tertiary educational or 
scientific institution. 

Access to the CSIRONET host computers is provided by about 650 

nteractive and 250 batch devices connected to a packet switching 
network involving 80 minicomputer nodes. Internode lines operate at 
speeds up to 48 kilobits per second. During prime shift about 40 
megabytes per hour are transmitted through the network. Special 
purpose nodes are implemented, or planned to provide spool, monitor, 
sentry, gateway and other distributed functions. A resource sharing 
network using Network Systems adaptors driving coaxial cables 
operating at 50 megabits per second is baing implemented to serve 
the host computers. The principal general purpose host at presentis a 
maximum configuration Control Data Cyber 76, supported by 7 GB 
(gigabytes) of disc storage. A Cyber 17X supported by 2 GB of disc 
and 32 GB mass storage will be installed for developmental work. A 
Facom M190 supported by 2.4 GB is used as a research and development 
vehicle. Special purpose hosts include an Information International 
COMp80 phototypesetting and (micro) graphics system, a 
COMTAL/PDP11 image processing system, a VM system controlling 
a Calcomp automatic tape library, and other development systems. 


Duties: 
General Managers 


Under the Chief of the Division, the General Managers are the most 
senior officers of DCR, and are responsible for policy development, 
and for the management of the research and development activity of a 
Branch of the Division. 

A General Manager may be required to deputise for the Chief of 
Division. Frequent interstate travel is necessary. 

The four Branches are: 

1. Computing Systems Branch. Activities include research and 
development and the maintenance of the Cyber 76 Scope system, the 
NOS operating system, and VM system, and OSIV F4 system, mass 
storage systems, and distributed processing systems. 

2. Intormation Systems Branch. Activities include research and 
development in distributed data base systems, information retrieval, 
computer security, simulation and system analysis, computational 
methods, classification methods, program structures and mathematical 
programming. 

3. Peripheral Systems Branch. Activities include research and 
development of VLSI architecture and other hardware projects, picture 
processing, graphics, micrographics, the research, development and 
maintenance of packet switching and resource sharing networks, and 
of network performance measuring tools. 

4. Co-ordination and Support Branch. Responsibilities include the 
co-ordination of the research, development and system maintenance 


activities of the Division. Other activities of this Branch are system 
documentation, user assistance, applications support, operations, 
business systems, accounting, administration, site management.and 
the Divisional library. 
Section Leaders 
Under the broad direction of a General Manager, a Section Leader is 
responsible for the planning and conduct of a particular research and 
development program, including maintenance of products and systems 
developed by the Section, and for consultation with users and 
organization of workshops and seminars. 
Section Leaders are required for: 
1. Information Retrieval { Melbourne) 
2. Stochastic Simulation (Sydney) 
3. VLSI Architecture (Adelaide) 
4. Computational Method (Brisbane) 
5. Program Structures (Perth) 
6. Mathematical Programming (Hobart) 


Research Scientist 
is required to initiate and undertake a research and development 
program in a particular field. Some responsibility for activities of other 
staff may also be required. Vacancies exist in the above six sections, 
and alsain : 
7. Operating Systems (Canberra) 
8. Classification Methods (Townsville) 
9. Continuous Simulation (Brisbane). 


Experimental Officer (System Specialist) 

Under the broad direction of a General Manager, is the leader of a 
number of professional and support staff in a Section responsible for the 
maintenance of a major computing or support system in one of the 
following fields: 

10, Computer security (Canberra) 
11. NOS system (Canberra) 

12. VM system (Canberra) 

13, User services (Canberra) 

Qualifications 

For appointment to positions of General Manager, Section Leader or 
Research Scientist, a Ph.D. or equivalent qualification in the field of 
Computing or Information Science is required. Applicants for the 
positions of General Managers and Section Leaders should have had 
extensive experience relevant to the position concerned, supported by 
evidenceof management ability at an appropriate level. 

For appointment as Experimental Officer, a degree or equivalent 
qualification in Computing or information Science is required, together 
with extensive professional experience relevant to the position 
concerned. 

Salary 

Successful candidates would be appointed within the following 
salary ranges: 

General Manager: $A27,790-$A30,530 p.a. with consideration 

of appointment at higher level for an outstanding applicant. 
Section Leader : $A23,247~-$A30,530 p.a. 

Research Scientist: $A15,422-$A22,405 p.a. 

Experimental Officer: $A17,800-$A21,702 p.a. with consideration 
of appointment at a higher level for an outstanding applicant with 
proven management ability of a high order. 

Conditions 

Conditions of service include participation in the Superannuation 
Scheme, long service and sick leave benefits and four weeks annual 
leave. Appointee’s fares, removal expenses and an allowance until 
permanently housed may be paid. 

Tenure 

Indefinite or fixed term appointments may be negotiated, both of 
which carry Superannuation benefits. 

Applications 

Applications in duplicate stating full personal and professional details, 
and the names of at least two referees, and quoting reference number 
900/345 and the position in which interested should reach : The 
Personnel Officer, Australian Scientific Liaison Office, Canberra 
House, 10-16 Maltravers Street, London WC2R 3EH, by 9th June 1979. 

Applications in USA and Canada should be sent to: The Counsellor 
Scientific, Embassy of Australia, 1601 Massach usetts Avenue, i Wae 
e D. C., 20036, USA. 


OBA). 





Open to both 
men and women 



























MARINE RESOURCES ASSESSMENT 
SCIENTISTS 


Salary: $16,500 to $39,517 (depending on 
qualifications) 

Fisheries and the Environment 
Fisheries Management 

St. Andrew's, New Brunswick 


Two positions are available at the St. Andrew's Biological 
Station, to develop and evaluate resource inventory methods 
for pelagic and groundfish stocks in Eastern Canadian waters 
as part of the stock assessment process. 


SECTION HEAD, RESOURCE INVENTORY 
(109-025-017) 

Ref. No: 79-NCRSO-32-150 (N) 
The senior position of the two vacancies is for the leader of the 
Resource Inventory Section which has a staff complement of 
about twenty. In addition to coordinating the development of 
resource inventory programs, the successful candidate will 
manage the fish aging service of the division; will coordinate 
the fish sampling activities and computer services of the 
section: and, will collect data on oceanographic parameters. 


RESEARCH SCIENTIST, FISH SURVEYS 
(109-037-023) 

Ref. No: 79-NCRSO-32-149 (N) 
The junior position is for a scientist to conduct research 
primarily on the design and development of pelagic fish 
survey techniques. 


QUALIFICATIONS 
Applicants for either of the above positions must possess a 
PhD in quantitative fish biology with specific training in 
statistical methodology. A lesser degree coupled with 
evidence of research experience and productivity which is 
equivalent to a doctorate is also acceptable. 
For the junior position, experience in applied fisheries 
research and evidence of ability in program management 
are desirable. 
For the senior position, applicants must have published a 
substantial number of scientific papers and be recognized as 
experts in this field at the national level. Experience in program 
management is essential for this position. 
Knowledge of English is essential. 


How to Apply 
Send your application form and/or résumé to: 
D. E. Fraser, Staffing Officer 
National Capital Region Staffing Office 
Public Service Commission of Canada 
Ottawa, Ontario KEA OM7 
Closing Date: May 31, 1979 
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PLYMOUTH \ 
POLYTECHNIC 
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SENIOR BIOLOGIST £5,682—£6,750 p.a. 


male or female, with good honours degree in biology, to 
undertake routine macro- and micro-biological exami- 
nations, including appraisals of algal status of raw water 
reservoirs, macro-biological evaluations of reservoir 
marginal areas, of mains infestations and consumer com- 
plaint samples. In addition research and development 
projects are actively encouraged. 


ASSISTANT BIOLOGIST £4,179—£4,476 p.a. 


recently qualified graduate, male or female, to assist the 
Senior Biologist. An excellent opportunity for acquiring 
wide-ranging experience within the water supply industry. 

Both posts would initially be based at Lichfield, Staffs, 
but will be moving to new laboratories presently being 
constructed at Walsall, West Midlands. Reasonable re- 
location expenses payable. 





Please write by May 24, to 
The Chief Engineer, 
The South Staffordshire Waterworks Co., 


50 Sheepcote Street, Birmingham B16 8AR. TOS(A) 


UNIVERSITY OF 
CAMBRIDGE 


Applications are invited fer the 
office of 
UNIVERSITY LECTURER 
IN THE DEPARTMENT 
OF PHARMACOLOGY 


from those working in any area of 
experimental! pharmacology, and 


RESEARCH ASSISTANTS 


required for the following 
areas of study: 


niem- 


School of Maritime Studies 
ASTRONOMY 


To analyse data connected with the 
magnetic field of the Milky Way. 
Applicants should have a good honours 
degree in Physics, Mathematics or 
Astronomy. An interest in computing 
and astronomical data analysis is 
essential, 


Schoo! of 
Environmental Sciences 


LITHOSTRATIGRAPHY, 
BIOSTRATIGRAPHY, 
SEDIMENTOLOGY AND 
PALAEOCOLOGY OF THE 
UPPER GREENSLAND, 


THE UPTAKE OF POLY- 
NUCLEAR AROMATIC 
HYDROCARBONS IN 
ESTUATINE FOOD WEBS, 
DISPERSAL AND HOST- 
PLANT FINDINGS IN DELTA 
BRASSICAE IN RELATION 
TO AGRICULTURAL 
PRACTICE. 

THE MIGRANT POPULATION 
OF PLYMOUTH IN THE 

19TH CENTURY. 

CARBON AND COKE 
REACTIVITY IN ZINC-LEAD 
BLAST FURNACE PRACTICE. 


STRUCTURAL AND 
GEOTECHNICAL STUDIES 
OF PLYMOUTH LIMESTONE. 
Candidates for predoctoral assistant- 
ships should have a good first degree 
in a relevant discipline. 
Research Assistants are 
required to register for a higher 
degree, although postdoctoral appli- 
cants will be considered. Appointments 
are for a period of two years, 
normally commencing September |l, 
with a possibility of a third year 
(Fixed term contracts). Salary will be 
£3,192 for postgraduates or £3,468 
postdoctoral (or equivalent) with 
annual increments of £148. 
Application forms to be returned by 
Friday, June $, 1979 can be obtained 
with further particulars (please state 
which project) from the Personnel 
Officer, Plymouth Polytechnic, Drake 
Circus, Plymouth PL4 8AA. 


| TOLA) 


normally 





eka 





applicants with experience in 
brane current fluctuation analysis are 
particularly encouraged, 

The initial appointment will be for 
three years from October 1, 1979 with 
the possibility of reappointment to 
the retiring age. The pensionable 
stipend for a University Lecturer will 
be on a scale of £5,367 rising by 
iwelve annual increments to £8,257 a 
year (under review), with initial 
placing above the minimum where 
appropriate. There is no grade of 
Senior Lecturer. A grapi is made 
towards removal expenses, 


Candidates should send 12 copies of 
their application together with the 
names of not more than three referees 
to Mr G. R. ANDERSON, General 
Board. Office, The Old Schools, 
Cambridge CB2 TT, from whom 
further information can be obtained, 
to arrive not later than June i. 1979. 

TSCA) 





ST. GEORGE’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 


LECTURER/SENIOR 
LECTURER 
IN PHARMACOLOGY 


fhe appointment is tenable from 
September 1, 1979. The Department 
of Pharmacology has a strong interest 
in the post-synaptic action of neuro- 
transmitters both in the brain and the 
peripheral nervous system using a 
variety of electrophysiological tech- 
niques. Although preference may be 
given to candidates with an interest 
in biochemical aspects of drug receptor 
interactions or transmitter  rejease, 
strong candidates from all disciplines 
will be considered. Salary ranges 
£3,975 to £8,250 (Lecturer) and £7,980 
to £9885 (Senior Lecturer). (Both 
ranges under review). in addition 
London allowance £502 per annum. 

Further particulars available from 
the Establishment Officer, St George’s 
Hospital Medical School, Cranmer 
Terrace, London SWI? ORE, to 
whom applications, with the names of 
three referees, must be sent to arrive 
by June 4. FARLA) 
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Section Head- 


Inhalation Toxicity 


ICI Central Toxicology Laboratory 


This Laboratory provides advisory and experimental 
services to IC! Limited, for the control of toxic hazards in 
manufacturing processes and in other fields of growing 
importance, such as the development of pesticides and 
food additives. Emphasis is placed on improving and 
assessing methods for studying the biological effect of 
foreign compounds and upon understanding mechanisms 
of toxicity. The Provision of toxicological information, prior 
to product clearance and registration in many countires, Is 
a major activity undertaken by the Laboratory on behalf of 


the ICI group. 


We currently have a vacancy for someone to head our 


inhalation Toxicity Section. The job holder will be responsible 


for managing approximately 18 people who are involved in 


the provision of a facility to assess any potential health risks 


through inhalation of chernicals and particulates. The job 
holder is expected to contribute to the overall 
management of the Laboratory, and to formulate the 
correct technical policy for the Section whilst ensuring 
that results produced are reliable. 


The successful candidate will have post-doctoral 
experience of research on the pulmonary system together 
with proven ability in managing multi-disciplinary project 
teams. It is unlikely that any candidate below 30 years of 
age will have accumulated sufficient experience. 


UNIVERSITY OF 
KHARTOUM-—-SUDAN 


i 
Applications are invited for the 
folowing posts in the FACULTY OF 
EDUCATION: — 

DEPARTMENT OF 
CHEMISTRY (Three Posts) 
LECTURER in Physical Chemistry 
~~Theoretical Chemistry (wave mech- 
anics-—theories of  bonding-—Spectro- 

scopy}. 
LECTURER in Physical Chemistry 
Thermodynamics and retated fields. 


LECTURER in Inorganic Chemis- 
try. 
DEPARTMENT OF 
PHYSICS 


Four LECTURERS in Classical and 
Modern Physics. 

Salary scale (exciusive of cost of 
living allowance) £S!,500 to £53,500 
per annum (ESI equals £1.20 sterling). 
The British Government may supple- 
ment salaries in range £3,894 to £4,542 
per annum (sterling) for married 
appointees {reviewed annually and 
normally free of tax} and provide 
children’s education allowances and 
holiday visit passages. Family passages; 
baggage allowance; superannuation 
scheme; unfurnished accommodation 
available: various allowances. Detailed 
applications (two copies}: with curricu- 
lum vitae and naming three referees 
to be sent direct to Acting Personne! 
Secretary, University of Khartoum. 
P.O. Box 321, Khartoum, Sudan by 
June 28, 1979. Applicants resident in 
the U.K. should also send one copy 
to Inter-University Council, 90/91 
Tottenham Court’ Road, London WIP 
ODT. Further details may be obtained 
from either address. TONKA) 


PLYMOUTH \ 
POLYTECHNIC 


SCHOOL OF 
ENVIRONMENTAL SCIENCES 


LECTURER I 
ECOLOGY 


SALARY: £4,101 to £6,558 


To organise and take part in under- 
graduate courses in marine, freshwater 
and/or terrestrial ecology. 


Should be honours graduate in 
Biology or environmental sciences 
with a strong ecological background 


and a Ph.D. or equivalent research 
experience, 
Opportunity to develop special 


teaching interests in honours degree 
options and/or M.Sc. in applied Fish 
Biology. Further research will be 
encouraged. 


Application forms to be returned by 
Friday June 8, 1979, can be obtained 
with further particulars from the 
Personnel Officer, Plymouth Poly- 
page Drake Circus, Flymouth PLA 
AA. 


\ T61CA) 















The Laboratory is two miles south of the village of Alderley 
Edge on the main road (A34) between Manchester and the 
Potteries on a 300 acre site which the Laboratory shares 
with ICI’s Pharmaceuticals Division. Alderley Edge is less 
than 20 miles from Manchester and in addition to the 
well-wooded Cheshire countryside which surrounds it, 
Alderley is within easy reach of the Derbyshire Peak 
District, the Lake District and the North Wales Coast. 

Staff working at Alderley live over a wide area but mainly 

in the Macclesfield and Alderley Edge/Wilmslow area. 


In addition to salary ICI also operate a Productivity Bonus 
and Profit Sharing Scheme. 


Anyone interested in applying for this vacancy (either male 
or female) should telephone or write (quoting reference 
ITSH/SCC) ta:- 

Miss S. C. Carson, Personnel Officer 

ICI Ltd., Central Toxicology Laboratory, 
Alderley Park, Nr. Macclesfield, 

Cheshire. 

Phone: Alderley Edge 582711, 

extension 144. 


Overseas candidates should only apply if they have a 
planned visit to the UK within the next two months. 


Closing date for applications: 31st May 1979. TINA) 


North East Surrey 
College of Technology 


Reigate Road 
Ewell Surrey KT17 3DS 


Principal: B. Haynes BSc DipEd CChem 
FRIC 


HEAD OF THE 
SCIENCES 


The Governors wish to appoint a successor to the 
late W. C. A. Hards BSc CChem FRICS as Head 
of the Department of The Sciences with effect 
from September 1, 1979 or as soon as possible 
thereafter, 

Salary: Burnham Head of Department (Grade IV) 
£7,941—£8,901 (under review). 

Forms of application and further information 
about the post can be obtained from the Vice- 
Principal at the above address to whom appli- 
cations should be returned by June 15, 1979. 


RREY 


NTY COUNCIL 
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Research 
Group Leader 


Pyrometallurgy Research 
Group 


Research 
Staff 

















cafeteria facilities 


expenses, and grant a settlement allowance under certain conditions. 
Please apply giving full details of age, qualifications, experience, etc. to: 
The Head: Personnel, National Institute for Metallurgy, 

Private Bag X3015, Randburg 2125, South Africa. 


National institute for Metallurgy 


Research Group Leader 

The Institute's Pyrometallurgy Research Group is based at the 

University of the Witwatersrand and is linked direct with the 

Process Development Division. The Group does a considerable 

ay term research work and enjoys close 

l the Division. Applicants should possess the 

following qualifications: edt te tat 

(i)areséarch degree in an appropriate discipline. 

ete in high temperature extractive metallurgy. 
iii) experience inthe supervision of graduate students 
or graduate personnel, or both. 

iv) the ability and perspective to handle a number of 

different projects that are being conducted 

concurrent 

(v) sufficie 


proportion of the longs 


T2T(A) 


{industrial knowledge to interactand 
communicate with representatives of industry, and 
(vi) sufficient experience to warrant 
appointment atthe level of Principal Scientist, 
or preferably, Chief Scientist. 
Research Staff 
The Institute is looking for research staff to 
work on projects covering a wide fieldin 
minerals and metals. APP icants should be in 
possession of aresearc 
engineering, extractive metallurgy, instruments 
or electronic engineering, analytica 
chemistry, industrial or pure chemistry, material 
science, minerals processin 
Post-graduate experience will be a 
recommendation, but is not essential, _ 
Benefits include a pension scheme, medical anda 
housing-subsidy scheme, 5-day working week, 
generous leave privileges (in addition to normal 
vacation leave, the institute closes for the period 
between Christmas and New Year), flexitime, subsidised 
_ Cafe sports facilities such as squash, tennis. 
swimming, snooker, etc. and an annual leave bonus. 
_ There are possibilities for advanced studies at universities, 
with substantial bursaries from the Institute. 
The Institute will pay the fares to South Africa of the applicant and his family, contribute to removal 


degree in chemical 


or arelated field. 


















Research Officer 


Chemistry Section 





NIBSC is an Institute concerned with the standardisation and 
control of biological substances used in medicine and is a 
WHO laboratory for biological standards. The work of the 
institute is well supported by research. 














Applications are invited for a Research Officer in the 
Chemistry Section. The post is in the laboratory concerned 
with polysaccharides and the application of methods of 
carbohydrate chemistry to analyse other substances such as 
antibiotics. Applicants should have or expect to gain this year 
a first degree in an appropriate subject. 


Salary, depending upon age and experience, on the 
scale £3,715--£5,259 p.a. (under review), including 
London Weighting, pius superannuation benefits. 





Please write or telephone for further details and an 
application form, quoting 
reference CH/161, to the 
Personnel Officer, NIBSC, 
Holly Hill, Hampstead, 
London NW3 6RB (Tel: 
01-435 2232, ext. 200). 












National Institute for Biological Standards and Control BS 


QUEEN ELIZABETH 
COLLEGE 
Kensington 

(University of London) 

LECTURER IN 
FOOD SCIENCE 


Applications are invited for the 
post of Lecturer in Food Science. 
Applicants will be expected to have 
an appropriate background in the 
Natural or Applied Sciences, prefer- 
ably with research experience in an 
area of Food Science. The successful 
applicant will be required to teach 
some unit courses in Food Science to 
different years of of the degree course 
and to undertake research. External 
contacts will be encouraged. Industrial 
or other relevant experience would 
be an advantage, and placing on the 
salary scale will reflect both qualifica- 
tions and experience. Salary scale 
(under review) £3,909 to £7,754 per 
annum plus London Allowance of 
£502 per annum. 

Apply to the College Secretary, 
Queen Elizabeth College, Campden 
Hill Road, London W8 JAH, from 
whom further particulars and an 
application form may be obtained. 
Closing date: June 8, 1979. 

T29( 4) 


HARVARD 
MEDICAL SCHOOL 
NEUROBIOLOGIST 

The Department of Neurobiology is 
seeking a new faculty member at the 
assistant-professor level to begin 1979 
or i980. Applications from women 
and minority people are encouraged. 
Please send curriculum vitae and a 
brief outline of research plans, and 
have three letters of reference sent io 

Search Committee, 
Department of Neurobiology, 
Harvard Medical School, 
25 Shattuck Street, 
Boston MA 02115. 
W994} 


UNIVERSITY OF 


LIVERPOOL 
DEPARTMENT OF 


VETERINARY PATHOLOGY 
TECHNICIAN 

to provide an efficient technical servic 
in this department which is responsib] 
for veterinary pathology, microbiolog 
and immunology. Duties include super 
vising and {raining technical staff 
ordering equipment and supplies an 
maintaining appropriate accounts am 
records. The successful candidate wil 
also be responsible for technical ser 
vices to ensure the smooth running o 
undergraduate teaching courses am 
advice to academic and other staff ol 
specialised techniques and apparatus 
Candidaties must have had a minimur 
of 13 years laboratory experience, am 
possess AIMLS or equivalent appre 
priate qualification, 

Salary within the range £5,172 t 
£5,625 per annum. 

Application forms may be obtaine 
from The Registrar, The University 
P.O. Box 147, Liverpool L69 3BX 
Quote Ref: RV/S85/N, 695(A)} 


UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENT OF 
BIOLOGY 
Research Technician {biologics 
sciences) required to support a researc 


project aimed at evaluating th 
potential of fallow deer as farr 
animals. The post will involve th 


day to day running of feeding tria 
based at the Hampshire College 
Agriculture, Sparsholt, Winchester. 

Previous experience in the handlin 
and management of large anima 
would be an advantage and applicani 
should hold a current driving licence 
Minimum qualifications O.N.C./D. c 
equivalent in science subjects (incluc 
ing biology) but graduates in appre 
priate disciplines are welcome ft 
apply. 

The appointment which is to b 
filled from August 1, 1979 will be fe 
one year in the first instance with th 
possibility of renewal for a secon 
year commencing with a salary t 
£2,757 per annum on grade 2B scak 

Applications giving date of birt! 
details of qualifications and experienc 
and the names and addresses of tw 
referees should be sent to Mr C. D 
Sawl, The University, Southampto 
SO9 SNH by June 1, 1979, quotin 
reference number S541/T/N. 

T4i(A) 





DEPARTMENT OF 
GEOLOGY 


UNIVERSITY OF WINDSOR 


has an opening at the rank ¢ 
Assistant Professor, with specialisatio 
in one or a combination of th 
following fields: Engineering Geologi 
Geotechnical Engineering, Structur 
Geology, Mining Geology or othe 
applied disciplines. The position is 
two-year appointment with review % 
the end of that period. It involve 
undergraduate- and graduate-levi 
instruction, as well as conductin 
research programmes. Applican 
should hold or anticipate a doctor 
degree. Salary will be in the order ¢ 
$20,000 per year, depending on teact 
ing, industrial and/or research exper 
ence. The position will commence i 
soon as possible, preferably Septembe 
1, 1979, ; 
An application including a currict 
lum vitae and names of three referet 
should be sent to: Dr R. K. Jul 
Chairman, Department of Geolog 

University of Windsor NOB 3P4. 
W 104( A) 








ROYAL HOSPITAL for Sick Childre 
and Queen Mother's Hospital, Glasgo 
G3 89J. Assistant  Cytogeneticis 
science graduate, required for West t 
Scotland Genetic Advisory Service, | 
work on the diagnosis of huma 
chromosome aberrations and = ath 
disorders. Experience in cytogeneth 
and cell culture desirable but ni 
essential. Further details may be ol 
tained from the University Departmet 
of Medical Genetics (041-339-888: 
Ext, 7117) Applications, with fu 
details of qualifications and experienc: 
and names of two referees, to Pe 
sonnel Office, Royal Hospital for Sic 
Children, Yorkhill, Glasgow G3 85 

T38(A) 





LOTHIAN HEALTH BOARD 
BASIC GRADE 
CYTOGENETICIST 
Applications are invited from science 
raduates for the above post based at 
ahe Department of Pathology, Royal 
Hospital for Sick Children, Edinburgh. 
Experience in human cytogenetics 

desirable. 
AIL types of cytogenetic investiga- 
fion are undertaken including the pre- 
natal diagnosis of chromosome dis- 
rders, blood culture analysis, bone 
marrow investigation and the karyo- 
_sayping of post-mortem and spontaneous 
-abortion material. A broad training in 
sytogenetics would be afforded. 
Arrangements to visit the depart- 
sement may be made by telephoning 

“31-667 1991, ext. 270. 

Salary scale: £2,991 to £4,899 per 
sscannum with placement according to 
egqualifications and experience. 

l Applications, which should be type- 
@ewritten, giving particulars of age, 
qualifications and previous experience, 
i together with the names, addresses and 

telephone numbers of two referees 
eahould be lodged with the Secretary, 

P41 Drumsheugh Gardens, Edinburgh 
686( A) 



























9863 7QQ by May 24, 1979. 


AAA 





THE UNIVERSITY 
OF MANCHESTER 
DEPARTMENT OF PHARMACY 
EXPERIMENTAL 
OFFICER 


andes 









ism and disposition. The techniques 
primarily involve the use of chroma- 
graphy, spectroscopy and radio- 
ctivity. Applicants must be graduates 
an either chemistry, biochemistry. or 4 
related science, with a minimum of 
ciwo years relevant experience post 
degree, Initial salary in the range 
E3384 to £5,604 per annum (under 
-eview), superannuation under U.S.S. 
articulars and application forms 
returnable by June 15) from the Reg- 
trar, The University, Manchester 
13 SPL. Quote ref: ee o 

& 
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ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London} 
DEPARTMENT OF 
PHARMACOLOGY 
Applications are invited from 


POSTDOCTORAL 
BIOCHEMISTS 


Wor the post of Lecturer in Biochemical 
harmacology in the Department of 
harmacology, which is now housed in 
othe Clinical Sciences Building, Royal 
ree Hospital, Hampstead. Some ex- 
gperience in muscle biochemistry desir- 
cable. Salary scale (under review} at 
mpresent £3,909 to £7,754 plus £502 
London Allowance and superannuation 
Mbenefits. Applications (six copies) 
whould be sent by June 1, [979 to the 
Secretary, R.F.H.S.M., 8 Hunter 
Street, London WCIN IBP, from 
i further particulars may be 
69H A} 














UNIVERSITY OF 
LIVERPOOL 
DEFARTMENT OF ZOOLOGY 
zA pplications are invited for the post of 
SENIOR 
RESEARCH ASSISTANT 

sin the Department of Zoology. 
,, Phe project is on the adaptation of 
sion transport in erythrocytes of 
esalinity-acclimated trout and involves 
msotope flux and cell culture tech- 
anigues. 
_. Initia] salary £3,883, £4133 or 
£4,382 per annum (under review). 
_ Applications, together with the 
@mames of two referees, shouid be 
‘received not later than May 31, 1979, 
Soy The Registrar, The University, 
p Box 147, Liverpool L69 FBX, 
@rom whom further particulars may be 
obtained. Quote Ref. RV/S84/N. 
GRH A) 
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OVERSEAS 
DEVELOPMENT 





KNOW-HOW: vital to developing Countries 





Nutritionist 


Bangladesh 


Wanted for attachment to the Ministry of Relief and Rehabilitation to assist in the organisation 
and evaluation of various feeding schemes including a Food for Work programme and in 
association with a World Food Programme designed to mitigate the severity of malnutrition 
among mothers and children. Applicants should have a postgraduate qualification in nutrition 
and post qualification experience in a developing country. 


Appointment 3 years. Salary (UK taxable) according to age and experience plus a variable tax 
free allowance currently in range £1,030-—-£2,640 according to marital status. 


The post is wholly financed by the British Government under Britain's programme 
of aid to the developing countries. In addition to basic salary and overseas 
allowances other benefits normally include paid leave, free family passages, 
children’s education allowances and holiday visits, free accommodation and 
medical attention. Applicants should be citizens of the United Kingdom. 


For full details and application form please apply, quoting ref. 319x stating post 
concerned, and giving details of age, qualifications and experience ta:— 





UNIVERSITY OF 
LEICESTER 
DEPARTMENT OF 
ANATOMY 
RESEARCH ASSISTANT 


Applications are invited for the 


post of Research Assistant on an 
M.R.C. funded project involving 


physiological and anatomical studies 
of the mammalian carratid body. The 
position is tenable for three years in 
the first instance and the salary will be 
on the grade IB scale. 

Interested persons should write to 
Dr D J Pallot, Department of 
Anatomy, University of Leicester, 
University Road, Leicester LEI TRH, 
giving full personal details and the 
names of two referees, TIKA)? 





ARCELOR 





INSTITUTE OF CANCER Research: 
There is a vacancy for a TECH- 
NICIAN to work in the Radiotherapy 
Research Laboratories at Sutton in a 
research programme on in vitro tests 
for the sensitivity of human tumour 
cells to cancer chemotherapeutic 
agents. The work involves specialised 
tissue culture techniques as well as 
some laboratory animal work with 
xenografted human tumours, Experi- 
ence in pharmacology would be an 
advantage. The appointment will be 
on the Technician scale which Starts 
at £3,261 per annum plus London 
Allowance of £354 per annum. 
Applications in duplicate with the 
names of two referees ta the Secre- 
tary, Institute of Cancer Research, 34 
Sumner Place, London SW7 INU, 
quoting ref. 301/B/62. 735(4) 


Appointments Officer, 

MINISTRY OF OVERSEAS DEVELOPMENT, 
Room 301, Eland House, 

Stag Place, London SWIE SDH. 


ODINVI HELPING NATIONS HELP THEMSELVES 





723(A) 
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9) LEICESTER UNIVERSITY 


F. W. BENNETT 
CHAIR OF GEOLOGY 


Applications are invited for the F. W. Bennett 
Chair of Geology formerly held by the late 
Professor P. C. Sylvester-Bradley. There is 
no restriction as to the special interests of 
applicants. 


Further particulars from the Registrar to 
whom applications should be sent by 
June 15, 1979. Candidates in the U.K. 
should submit fifteen copies of their 
application (overseas candidates may sub- 
mit one copy). 669(A) 
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LAMBETH is one of the foremost authorities in the 
country in the provision of comprehensive 
Environmental Health and Consumer Services. It has 
achieved this position through a combination of 

far sighted policies, adequate resources and highly 
qualified staff. The following vacancies now exist: 


RESEARCH 
OFFICERS (4 


Ref E34 
Salary: £5,208 - £5,508 p.a. incl. 
Postdoctoral Research at the sharp end 


Applicants should have a good record of academic 
achievement in preferably one or more of the following 
subject areas: Environmental Sciences; Political/ 
Social Studies; Statistics; Economics; Marketing; 
Operational Research; Law. 


The Directorate employs over 400 staff who are 
primarily engaged in providing operational services to 
the public. As a consequence, the Research facility is 
fundamental to policy and developments within the 
fields of Consumer Protection and Environmental 
Health. These posts offer an excellent opportunity for 
people with proven research capabilities to relate their 
skills to services designed to tackle the community's 
economic and environmental problems. 


INFORMATION 
AND PLANNING 
OFFICER 


Ref E33 
Salary: £4,680 - £6,003 


The Directorate has just completed a major review of 
its support and administrative organisation. Now we 
are seeking an experienced analyst to spearhead the 
development of our management information and 
administrative systems in conjunction with the 
progressive application of word-processing, micro- 
filming and computerisation. tn addition the 
information and Planning Officer will contribute to 
the systems aspects of Committee Continuity, report 
preparation and corporate management particularly in 
respect of devising processes for target setting and 
effectiveness monitoring. The postholder should be 
able to familiarise him or herself with how the 
professional officers serve the public as well as 
meeting support requirements of senior management. 
You should be well qualified, both academically and 
professionally and we are interested in someone with 
a record of practical relevant achievements. 

A local government background is not essential. 





if you would like an application form please 
contact the Personnel Section, Directorate of 
Environmental Health & Consumer Services, 
London Borough of Lambeth, Blue Star House, 
234/244 Stockwell Road, London SW9 SSR. 
Tel: 01-274 7722 ext. 239. Closing date for 
completed applications 1st June 1979. 

These posts are open to both sexes and all races. 


MBETH _ 





LA 
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Senior Clinical 


Research Associate 
Guildford 


Berk Pharmaceuticals, part of a major International 
Health Care Group, is engaged in the manufacture, 
marketing and distribution of a wide range of ethical 
drugs and is situated in a pleasant rural part of Surrey. 
Due to the continued expansion of our Medical 
Division we require a Senior C.R.A. who will play an 
important integral role in our clinical trials programme. 
You will take part in the research of compounds 
through phases 1, 2 and 3 of their development by 
designing protocols, actively participating in clinical 
studies and the assessment and presentation 


of results. 


We are looking for either, someone who has a Ph.D. 
in the sciences or is working towards such a 
qualification, or a Senior Nurse with sound experience 
of Clinical Investigation work. Some knowledge of 
computing relating to the verification and processing 
of trial data would be an advantage but is not 


essential. 


In addition to a competitive salary we offer 4 weeks 
annual leave, productivity bonus, pension scheme 


and other benefits. 


If you are interested please telephone or write for an 
application form or send full C.V. to :— 










UNIVERSITY OF 


NOTTINGHAM 
DEPARTMENT OF 
BOTANY 


Tt is likely that one postgraduate 
research studentship will be available 
for work in one of the following areas: 

(D) Endocytosis and intracellular 
digestion in the ciliate Terrahymena. 

(2 The cell cycle in green algae. 

(3) Nitrogen metabolism in Rhodo- 
charton. 

(4) Cytological studies on ferns. 

(5) Localisation of metabolic sites 
of action of herbicides in isolated 
mesophyll tissue, 

(6) Causal factors and physiological 
function of swollen lateral roots in 
the Cyperaceae., 

(7) Quantitative studies on plant 
cell ultrastructure. 

If you are interested in research in 
one of these areas will you please 
write as soon as possible to Professor 
E. © Cocking, Department of 
Botany, University of Nottingham, 
University Park, Nottingham NG7 
2RD, indicating which area is of 
interest, giving a curriculum vitae and 
the names and addresses of two 
referees, 758(F) 





POSTDOCTORAL POSITION 
AVAILABLE 


A postdoctoral position will be 
available in July, 1979 for appointees 
having either a Ph.D. in biochemistry 
or microbiology. Experience in enzy- 
mology desirable, though not critical. 
The project will be concerned with 
the regulation of carbohydrate meta- 
bolism during development in the 
slime mold, Dictyostelium discoideum. 

Please send curriculum vitae and 
three references to Dr K. A. Killick, 
Boston Biomedical Research Institute, 
Department of Developmental Biology, 
20 Staniford Street, Boston, Mass. 
02114, U.S.A. 

We are an “Equal Opportunity/ 
Affirmative Action Employer.” 

WIIIf{A) 


M- Alan Ford, Personnel Department, 
Berk Pharmaceuticals Limited, 
Station Road, Shalford, 

Guildford, Surrey GU4 8HE. 


Tel: Guildford 71221 ext. 230. 


720(A) 





NATURE CONSERVANCY 
COUNCIL 
CHIEF WARDEN 
Salary Range £4,809 to £5,478 
(under review) 





Applications are invited for t. 
post of CHIEF WARDEN—SOUT. 
WALES, based in the NCO. 
Regional Office at Cardiff. 

The successful applicant will 
responsible to the Regional Officer f 
all management work in the Feo 
National Nature Reserves in the Sov 
Wales Region. Duties will include © 
direction and supervision of the wee 
of the two Reserve Wardens, œ 
Estate Worker, and the temporas 
and Voluntary Wardens on i 
Reserves, and the development æ 
extension of the voluntary warden® 
system in the South Wales Region. 


The Chief Warden will also 
responsible for the formulation 
forward working programmes, estime 
ing and controlling the finang 
allocations for all estate work, a 
advising on and implementing 
matters concerning the health 
safety of staff and visitors on © 
reserves, advising land owners # 
managers on land manageme 
matters, and contributing to and pe 
ticipating in the educational int 
pretative, survey and monitoring pe 
grammes of the Region. 

Candidates should be over 26 ye: 
of age on June 15, 1979, physica 
fit and have a full current driv- 
licence. 

Further particulars and an appl: 
tion form can be obtained from: 

The Nature Conservancy Count 

Recruitment Section 

P.O. Box 6 

George Street 

Huntingdon 

Cambs 

Tel, 0480 (Huntingdon) 56191 _ 
Closing date for receipt of cg 


leted applications: June 1, 1979, 
Pe TIHA 





BEATSON INSTITUTE FOR 
CANCER RESEARCH 
SCIENTIST 
(Geneticist or Biochemist) 


There will be a vacancy from 
October 1, 1979 for a postdoctoral 
research scientist to join a team 
investigating the regulation of trans- 
cription of the globin genes in 
mammals. The work involves genetic 
manipulation, including the cloning of 
human genes, and previous experience 
in handling bacteriophage and/or 
nucleic acid enzymology is desirable. 
The Beatson Institute has category 2 
and category 3 containment facilities 
and a core of staff with experience in 
genetic engineering. Several other pro- 
jects using this technology are being 
pursued concurrently. 

The appointment will be for three 
years in the first instance amd will be 
at the appropriate point on the 
University of Glasgow's Research 
Assistant scales (which correspond to 
M.R.C. scales). M.R.C. terms of 
service apply. Applications should 
include a C.V. and names of referees. 
Address enquiries to:-— 

The Director, 
Beatson Institute for Cancer 
Research, 
Garscube Estate, 
Switchback Road, 
Bearsden, 
Glasgow G61 IBD. 
726(A) 
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NMR POSTDOCTORAL 
POSITION 


Applications are invited for post- 
‘doctoral work on the NMR of 
of chemical and biological 
under the direction of Pro- 
H. S. Gutowsky and Eric 
Fourier transform spectro- 





ase oon 


the following 
Deuterium NMR of specifically 
H-lebelled membranes. (2) Phos- 
shorus-31 NMR studies of protein- 
id interaction in model and bio- 
ogical membrane systems (3) High- 
esolution C NMR = spectra of 





a ion nuclei | 
“athe solid-state, with special emphasis 
son systems of biological importance 
such as Fe, Na, K, “Zn 
Applications consisting of a curricu- 
jum vitae, list of publications and 
“Jetters from three referees should be 
sent to; Professor H. Ss, Gutowsky, 
“School of Chemical Sciences, Univer- 
ssity of Hlinois at Urbana, Urbana, 
“Allinois 61801, U.S.A. The University 
sof Winois is an Equal Opportunity / 
Affirmative Action Employer. 
WILOCA) 





UNIVERSITY OF 
SOUTHAMPTON 


MEDICAL ONCOLOGY UNIT 

Applications are invited for the 
position of Postdoctoral Research 
Fellow in the above Unit. The 
person appointed will work on the 
isolation of cytoskeletal proteins 
and their interaction with the cell 
surface, in close cooperation with 
a group interested in cell adhesion 
and with others interested in 
clinical aspects of cancer research. 
Applicants should either be about 
to obtain or have recently obtained 
a Ph.D. in Biochemistry or some 
related discipline. Experience of 
protein biochemistry, membrane 
biochemistry or immunology would 
be advantageous. The appointment 
will be for one year in the first 
instance, renewable annually for at 
least three years. 

Salary Range: £3,883 to £4,822 
per annum (under review). U.S.5. 
benefits. 

Applications giving date of birth, 
curriculum vitae and the names and 
addresses of two referees, should 
be sent to Mrs P. Vaughan-Smith, 
The University, Southampton SO9 
SNH, not later than May 18, 1979. 
Please quote reference 1069/R/N. 

598(A) 
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LONDON SCHOOL OF 
HYGIENE AND TROPICAL 
MEDICINE 
(University of London) 
Keppel Street WC! 7HT 


DEPARTMENT OF 
MEDICAL MICROBIOLOGY 


A HISTOLOGY MEDICAL 
LABORATORY SCIENTIFIC 
OFFICER 


to work for up to one 
histological research in 
hepatitis and my- 
experience in histo- 
logical techniques is essential. In 
addition, candidates should hold 
H.N.C./H.N.D./degree in a relevant 
subject. Salary is in the range £3,261 
to £3,930 plus £354 London Weighting, 
Applications, consisting of full educa- 
tion and career details and naming 
two referees, should be sent to 
Secretary (Al) at he School. 

TAUA) 


is required 
year on 
immunopathology, 
cotie infections: 


DEPARTMENT OF PHYSICS 


UNIVERSITY OF 
CAMBRIDGE 
A RESEARCH ASSOCIATE 


is required in the Cavendish Labora- 
tory to assist with the development 
of scientific instrumentation used in 
Solid State and Surface Physics re- 
search and to be responsible for main- 
taining U.H.V. and computer-con- 
trolled elctron-optical and cryogenics 
apparatus. 


Experience and a high level of ex- 
pertise in U.H.YV. engineering design 
and in electronics is desirable. A 
degree or equivalent qualification is 
preferred although proven abilities in 
the above techniques are the prime 
consideration. The apopintment is 
sponsored by the Royal Society for 
two years from September 1979 and 
there is a possibility of a tenured 
University post thereafter. Salary on 
a scale to £6,080 p.a. (under review) 
according to age and experience. 
Three copies of applications including 
a full c.v. and names of refrees should 
be sent to Mr. J. Deakin, Secretary 
of the Department of Physics, Caven- 
dish Laboratory, Madingley Road, 
Cambridge CB3 OHE before May 31. 

TIOLA) 





THE UNIVERSITY 
OF MANCHESTER 
RESEARCH TECHNICIAN 
(GRADE 3) 


DEPARTMENT OF 

OBSTETRICS AND 

GYNAECOLOGY, 

WITHINGTON HOSPITAL 

Required to assist in the measure- 
ment of steroid hormone receptors in 
the female genital tract. Candidates 
should possess at least O.N.C. or 
equivalent and have experience in the 


measurement of steroid hormone 
receptors. 

Suitable candidates may be com 
sidered for registration for higher 
qualifications. i 

Salary scale £2,931 to £3,336 per 
annum. 


Applications including a curriculum 
vitae and the name and address of 
two referees (as to technical or 
academic ability) should be sent as 
soon as possible to Mrs B. Steele, 
Department of Obstetrics and 
Gynaecology, Research and Teaching 
Building, University Hospital of South 
Manchester, West Didsbury, Man- 
chester M20 8LR not later than May 
25, 1979. TIZA) 
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AUSTRALIA 


Assistant Chief 
Division of Animal Production 
Tropical Cattle Research Centre 
Rockhampton, Queensland 


CSIRO has a broad charter for research into primary and secondary 
industry areas. The Organization has approximately 7,000 employees— 
2.400 of whom are research and professional scientists—located in 
Division and Sections throughout Australia. 

General: Research in the Division of Animal Production is concerned 
with the solution of major problems in the animal industries, and in the 
provision of new and improved technologies that result in substantial 
gains in the efficiency of livestock production. 

The Division has six broad!y- based research programmes each of 
which is co-ordinated by a Programme Chairman. These programmes 
include work on nutrition, reproduction, genetics and animal breeding, 
skin and fleece biology, mineral requirements, and tropical animal 


production. 


Current research at Rockhampton involves the genetic improvement 
of productivity in beef cattle for Northern Australia. Research is being 
expanded to complement this objective by developing new research 
initiatives in the fields of reproduction, nutrition and environmental 


adaptation. 
Duties: 


1. To assist the Chief and to advise Programme Chairmen in the 
planning and development of research priorities directed towards the 
efficiency of livestock production in tropical and sub-tropical areas of 
Northern Australia. The research will, in the main, be directed towards 
studies on both the genetic and environmental factors which influence 
productivity. The Assistant Chief willinitially be required to act as 
Programme Chairman of the Tropical Animal Production Programme. 

2. To be responsible for the administration of the Rockhampton 
facilities which will include a major laboratory complex due for 


completion in 1980. 


Qualifications: Applicants should havea substantial record of 
research achievement and an appreciation of problems in animal 
production in tropical and sub-tropical areas. In particular, applicants 
should have an established reputation of outstanding achievement in 
some field of animal production, e.g. genetics, environmental 


adaptation, nutrition of reproduction. 


Salary : Senior Principal Research Scientist $27,790 to $30,530 p.a. 
or Chief Research Scientist Grade | $31,407 p.a. 

Tenure: Thisis an indefinite appointment which carries super- 
annuation benefits subject to normal conditions. However, the role of 
Assistant Chief is offered for a term of three years. The situation will then 
be reviewed to determine whether the appointee should continue as 
Assistant Chief for a further period or as a senior research worker. 

Applications IN DUPLICATE, stating full personal and professional 
details, the names and addresses of at least two professional referees, 
and QUOTING REFERENCE NUMBER 245/721 should reach: 

The Personnel Officer, Australian Scientific Liaison Office, Canberra 
House, 10-16 Maltravers Street, London WC2R 3EH, by 9th June 1979. 

Applications in U.S.A. and Canada should be sent to : The Counsellor 
Scientific, Embassy of Australia, 1601 Massachusetts Avenue, N.W., 


Washington, D.C., 20036, U.S.A. 


UNIVERSITY OF EXETER 


DEPARTMENT OF GEOGRAPHY 
RESEARCH ASSISTANT 

Applications are invited for a 
graduate research assistant to work 
with Dr E. Maltby in an investigation 
of differential trends in upland soil 
development resulting from reclamation 
of moorland for agriculture. Famili- 
arity with techniques of chemical and 
physical analysis of soils and their 
description in the field would be an 
advantage. 

The post which is supported by an 
N.E.R.C. research grant is tenable for 
two years from November 1}, 1979. The 
initial salary is £3,384 plus U.S.S. 

Applications and requests for further 
details should be addressed to Dr E 
Maltby, Department of Geography, 
University of Exeter, Amory Building, 
Rennes Drive, Exeter EX4 4RJ as 
soon as possible. 684(A) 
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OXFORD POLYTECHNIC 
DEPARTMENT OF 
BIOLOGY 


SENIOR LECTURER or 
LECTURER H IN 
PLANT PHYSIOLOGY 


Applications are invited from suit- 
ably qualified candidates to take part 
in teaching and research in plant 
physiology as well as in the general 
teaching of ecology at honours degree 
and higher technician levels. 

Salaries: Senior Lecturer £6,051 to 
£7,065 (bar) to £7,572. Lecturer H 
£4,101 to £6,558. Under review from 
April 1, 1979 (transfer from Lecturer 
li to Senior Lecturer is, subject to 
efficiency requirements, automatic). 

Applications, including a curriculum 
vitae and the names of three referees, 
should be sent as soon as possible to 
the Head of Deparament of Biology, 
Oxford Polytechnic, Oxford OX3 OBP. 
from whom further particulars and 
application forms may be obtained. 

722(A) 






UNIVERSITY COLLEGE 


Centre for Applied Microbiology & Research, 
Porton Down, Salisbury, Wiltshire 


The Vaccine Research 
and Production Laboratory 


has the following vacancies for suitably qualified 
scientists. 


l. Vaccine Development 


A Microbiologist/Microbial Biochemist to work in a 
small group concerned with the development of 
bacterial vaccines. The work will involve identification 
and separation of immunogenic components and pro- 
duction of trial batches for evaluation. Preference 
will be given to candidates who have up-to-date ex- 
perience in microbial biochemistry and separation 
techniques. 


2. Vaccine Assessment 


A Microbial Biochemist to take a leading role in 
developing a programme concerned with methods for 
the assessment of potency and safety with particular 
reference to subunit vaccines. Preference will be 
given to candidates who have experience in immu- 
nology, biochemistry or pathogenicity. 


3. Vaccine Production 


A Chief or Senior Medical Laboratory Scientific 
Officer to participate in the development of a capa- 
bility for vaccinia virus production, including quality 
control, storage and distribution of the vaccine. Re- 
search in viral vaccine development will be encour- 
aged. Preference will be given to candidates with 
experience in virology and animal handling. 


4. Vaccine Production 


A Medical Laboratory Scientific Officer principally 
to supervise the tissue cell production unit but also 
to participate in the development of a vaccinia virus 
production capability. Preference will be given to 
candidates with experience in tissue culture and 
virology or animal handling. 


Appointment for Posts | and 2 may be at either 
Senior Grade (£5,451 to £6,837) or Basic Grade 
Microbiologist (£2,991 to £4,899) depending upon 
qualifications and experience. A good honours degree 
or equivalent is essential and for a Senior Grade 
position a record of proven research ability. 


Salaries on the Medical Laboratory Scientific Officer 
scale are: Chief (£5,472 to £6,192), Senior (£4,347 to 
£5,769), Basic Grade (£3,261 to £4,680), the assimi- 
lation point will depend upon qualifications and 
experience. 


Further details of the posts can be obtained from Dr 

J. Melling, Director, Vaccine Research & Production 
Laboratory. (Tel. (0980) 610391). 

Applications stating date of birth, qualifications, 

experience and publications and naming three referees 

should be sent to Mrs M. Bushby, 

C.A.M.R., Porton Down, Salisbury, 

Wilts SP4.0]G by June I, 1979. 

7 683(A) 
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Public Health Laboratory 
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DIRECTOR 
DALTON 
RESEARCH CENTER 
UNIVERSITY OF 
MISSOURI 
COLUMBIA 
(Continuing Search) 


This multidisciplinary facility for 
basic biological research, graduate 
and postgraduate training is 
supported principally from state 
funds, as well as from Federal 
agencies and foundations. A 
new building of 60,000 sq. ft. 
in Research Park, adjacent to the 
main campus, has excellent re- 
search laboratories with modern 
animal shop, computer, controlled 
environment, and other facilities. 

A Director is sought with com- 
mitment to outstanding research 
who will develop a dynamic re- 
search unit in a life science area. 
The Director will be expected to 
bridge and complement Dalton 
Center activities with selected 
existing talents and resources on 
the UMC campus; examples are 
cardiovascular regulation, cellular 
and developmental biology, mole- 
cular genetics, immunobiology, 
neurosciences, and bioengineering. 

This is intended as a “Center of 
Excellence” and the University is 
committed to providing a com- 
petitive Director's salary and other 
resources to insure success. The 
Director should have research 
management experience, including 
budgeting, recruiting, and 
generating research funds. 

The Director will be tenured in 
an academic department of UMC. 
The University is a Land Grant 
school with a student enrolment 
of 23,000, On a single campus, 
it has a unique combination of 
life science-oriented Divisions 
(Medicine and other health related 
sciences, Agriculture, Veterinary 
Medicine, Engineering, and Bio- 
logical Sciences). Particular re- 
search strengths may be found in 
departments of Biochemistry, 
Physiology, Biological Sciences, 
Bioengineering, Medicine, Micro- 
biology, Pharmacology, Radiology, 
and Surgery. University resources 
include Reactor Research Center, 
Cancer Research Center, Health 
Services Research Center, Veterans 
Administration Hospital, University 
of Missouri Medical Center, and 
Eye Research Institute. 

Women and members of 
minority groups are urged to apply. 
Résumés and other appropriate 
information should be sent to: 

Search Committee for Director 

Dalton Research Center 

Research Park 

University of Missouri 

Columbia, Missouri 65213 

The University of Missouri is 
an Equal Opportunity Employer. 

W 106(A) 








UNIVERSITY OF 


LIVERPOOL 
DEPARTMENT OF BOTANY 


RESEARCH ASSISTANT 


Applications are invited for the post 
of Research Assistant fo assist in 
studies of numerical taxonomy and 
phage typing of streptomycetes 
{actinomycetes), in a joint research 
programme with the Department of 
Microbiology, University of Newcastle 
upon Tyne supported by S.R.C. Appii- 
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NATURE CONSERVANC 


COUNCIL 
SEABIRDS AT 
SEA RESEARCH 
SENIOR SCIENTIFIC 

OFFICER (1) AND HIGHI 
SCIENTIFIC OFFICER C 

(3 year posts) 
STARTING SALARY (at pre 


under review) 
HIGHER SCIENTIFIC OFFICE) 
1G1 


£4, 
SENIOR eee OFFICE) 
5.154 

Salary on appointment may be 

excess of these figures, dependi 

on experience and qualification 

Applications are invited for 
following four contract posts in 
Nature Conservancy Council's “ 
birds at Sea” Research Team. 
posts are for a fixed period of t 
years only. 
BACKGROUND 

The seabirds at sea research 
gramme is designed to investigate 
behaviour and distribution of seat 
offshore. Effort will be concentr 
primarily in the North Sea and 
results will be used to refine N.C. 
response in relation to oil spill 
tingency planning. 
THE POSTS 


{a) ORNITHOLOGIST (Three po 
A sound knowledge of ornitho 
is required. A special inter 
experience in seabird ecology 
desirable. 


(b) MARINE BIOLOGIST/ 
OCEANOGRAPHER (One pm 
A sound knowledge of ma 
biclogy/oceanography is requi 
A special interest in fishe 
biclogy and some  ornithologs 
interests are desirable. 

Experience in data handling we 
be an asset for both posts (a) and 

One of the posts will be design: 
as team leader and will be grz 
S.8.0. The other members of 
team will be graded H.5S.O. 

The posts are based in Aberd: 
Candidates will be required to x 
offshore from boats or oil exploita 
structures and carry out aerial sur 
using light aircraft. The posts 
entail a good deal of travel and t 
away from base. A current dri 
licence is essential. 

AGE AND QUALIFICATIONS 

Candidates should have a first 
second class honours degree 
equivalent in a relevant scien 
subject, l 

HIGHER SCIENTIFIC OFFIC 
Candidates should normally be ur 
30 years of age and have at least 
years’ relevant post-graduate 
perience. l 

SENIOR SCIENTIFIC OFFIC: 
Candidates should normally be at I 
25 and under 32 years of age and t 
at least four years’ relevant p 
graduate experience. 

Aovolication forms and furi 
details are available from Miss 
Bull, Recruitment Section, Nal 
Conservancy Council, Godwin Ho 
George Street. Huntingdon. Can 
PEIR 6BU (Tel: 0486-56191, Ext. 2 
Closine date for completed apnlicat 
forms is June 1, 1979. TI8CA 









TECHNICIAN/RESEARCI 
OFFICER 


required in Tumour Immunolog 
Unit at University College, WC 
for a project investigating the ro! 
of macrophages in animal an 

















DUBLIN “WRYTHE LANE cants should have or expect to soe human immune o Ve al 
» epg - a degree in a biological science witt involve a great eal of tissu 
PROFESSORSHIP OF CARSTARTON SUREE experience in microbiology. culture, some animal work an 
GEOLOGY SCIENTIFIC ASSISTANT The Research Programme will last other immunological technique: 


H.N.C./degree essential. 
Salary £3,615 to £3,256. Fc 
further information and applic: 
tion form write or telephone Mi 
S. M. Hurley at the Imperi 
` Cancer Research Fund, Lincoln 
Inn Fields, London WC2 on 24 
0200, ext. 305. TOA) 


for one year starting in August 1979, 
and the salary is £3,384 per annum. 
Applications, together with the 


The closing date for applications 
for the above appointment has been 
extended to Thursday, May 31, 1979. With postgraduate experience in | names of two referees, should be 

Applicants who have not received either Biochemistry or Immunology to received not later than May 25, 1979, 
acknowledgement of their applications work on skin diseases including by The Registrar, The University, 
and prospective applicants should tele- | malignancy. PO Box 147, Liverpool L69 3BX, from 
phone University College Dublin Apply to June 30 to Dr E. L. whom further particulars may be 
693244, extensions 658, 657 or 416, Rhodes at he above address, obtained. Quote Ref. RV/588/N. 

T43(A) 759A) 697(A) 


DERMATOLOGY DEPARTMENT 








ASSISTANT PROFESSOR 
OF BIOCHEMISTRY 
LSU MEDICAL CENTER 
New Orleans, Louisiana 


Tue Department of Biochemistry, 
wOuisiana State University Medical 
entre, invites applications for 12 
months tenure-track faculty positions. 
candidates should have a strong back- 
around in biochemistry or molecular 
siology. In addition to the School of 
ataduate Studies, the Medical Center 
mcludes the Medical, Dental and 
Sursing Schools and the School of 
Allied Health Professions. Applicants 
mould have postdoctoral experience 
nd exhibit potential for developing a 
arong independent research pro- 
gram. Interest and excellence in 
waching is also expected. Applicants 
Mould send a curriculum “vitae, 
vibliography, a short summary of 
sesearch goals, and have three letters 
wf evaluation submitted to the follow- 
mg: Robert Roskoski, Jr, Head- 
Jepartment of Biochemistry-LS5U 


Medical Center--1542 Tulane Avenue, 
Wew Orleans, Louisiana 70112. 

The Louisiana State University is 
an Affirmative Action/Equal Oppor- 
unity Employer. WISLA) 





UNIVERSITY OF 
SHEFFIELD 
LABORATORY 
SUPERINTENDENT 
(GRADE 8C) 


required for the Department of 
Geology from September 1, 1979, 
to be responsible for the operation 
of a complete technical service for 
teaching and = research in an 
enlarged and modernised depart- 
ment. Candidates must have proven 
organising ability and considerable 
experience of science laboratories. 
Salary on scale £5,172 to £5,625 
per annum funder review). 

Please write to the Administra- 
tive Officer (Personnei}, (Ref. § 
1256/N), The University, Sheffield 
S10 2TN. T45(A) 








DEPARTMENT OF 
BIOPHYSICS 
King’s College London 
POSTDOCTORAL 
RESEARCH ASSISTANT 


Postdoctoral position supported 
by the M.R.C. is available from 
June 1, 1979, to collaborate with 
Dr H. J. Gould on the molecular 
cloning and analysis of human im- 
munoglobulin genes. 

Starting date not later than Sept- 
ember 1, 1979. Salary £3,883 to 
£6,555 pa. plus London weighting. 

Applications, with curriculum 
vitae and names of two referees, 
should be sent to Dr H. J. Gould, 
Department of Biophysics, King’s 
College, 26-29 Drury Lane. Lon- 
don WC2B S5RL, 626(A) 





UNIVERSITY OF 


CAMBRIDGE 
DEPARTMENT OF GENETICS 


POSTDOCTORAL 
VIROLOGIST 


A position is available, from Octo- 

rer 1, 1979, for 3 years, on a re 
earch project funded by the Science 
Research Council, for a postdoctoral 
‘irologist, preferably with experience 
nh the molecular biology of viruses. 
alary at age 27, £4,631, under review. 
Further details may be obtained 
rom Dr M. Ashburner to whom 
pplications, with the names of two 
eferees, should be sent to reach him 
'y June 30, 1979, Department of 
xenetics, Downing Street, Cambridge 
-B2 3EH. TOTA) 
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PLANT MOLECULAR 
BIOLOGIST 
ZOECON CORPORATION 


Zoecon Corporation, a leader in 
innovative agricultural chemical re- 
search, is establishing a major research 
effort in higher plant molecular biology. 
Research directions will include the 
application of the techniques of mol- 
ecular biology to crop improvement. 
Qualified scientists will join a research 
team working in a unique scientific 
environment. Zoecon offers an oppor- 
tunity to develop and direct a research 
program, the intellectual stimulation 
of interaction with excellent colleagues, 
and the opportunity to contribute to 
the expansion of this exciting field. 
Individuals with expertise in plant 
genetics, biochemistry and physiology 
are encouraged to apply. The positions 
require a Ph.D. in a field of plant 
biology, preferably with post doc ex- 
perience. 

Zoecon is a division of Occidental 
Petroleum Corporation with substantial 
domestic and international operations. 
Corporate headquarters and corporate 
research are located in the Stanford 
Industrial Park, in close proximity to 
San Francisco. Submit detailed résumés 
in confidence to: 

Kathy Moore 

Manager, Employee Relations 

Zoecon Corporation 

975 California Avenue 

Palo Alto, California 94304. 
WEHA) 





UNIVERSITY OF OXFORD 
POSTDOCTORAL 


RESEARCH ASSISTANT 
AND TECHNICIAN 


required for research inta the re 
gulation of branched chain 2-oxo 
acid dehydrogenase complex, branched 
chain amino acid catabolism and into 
disorders of branched-chain amino 
acid metabolism. The posts are for 
three years from a mutually con- 
venient date in 1979 and are funded 
by the Medical Research Council. The 
postdoctoral research assistant should 
have experience in enzymology and 
protein chemistry and possess or 
expect a PH.D. or equivalent degree. 
The technician should have a degree 
in biochemistry (or a related subject) 
or possess suitable laboratory ex- 
perience. Starting salaries up to 
£4,382 (research assistant) and £3,930 
(technician) on scales in operation on 
March H, 1979. 
Applications including the names 
of two referees to Professor P. J. 
Randle, Department of Clinical Bio- 
chemistry, Radeliffe Infirmary, Oxford 
OX2 6HE from whom further details 
may be obtained. SSH AY 





CHARING CROSS HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

DEPARTMENT OF 
HAEMATOLOGY 

Non-clinical Lecturer required, 
Work of the appointee will be par- 
ticularly concerned with surface 
membrane markers on lymphacytic 
and leukaemic cells, evaluation of 
immune complexes and assessment of 
immunoglobulin fractions. In addition 
the appointee will be encouraged to 
develop work on sub-cellular fractions. 
Teaching of immunology related to 
Haematology will be required, Post 
would sult a postdoctoral Fellow or 
equivalent, 

Informal enquiries can be made to 
Professor G, D. Pegrum, Department 
of Haematology (01-748 2040, ext. 
2703). 

Salary on scale £3,883 to £7,754 
(under review) per annurn plus £502 
London Weighting Allowance. 

Applications, including the names 
and addresses of two referees, should 
be submitted to the School Secretary, 
Charing Cross Hospital Medical 
School, The Reynolds Building, St 
Dunstan's Road, London W6 8RP, by 
June 2, 1979, (Ref: 499/500.) 

TILA) 
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British Museum (Natural History), 
London. 


| Headof Freshwater 
Algae Section 


The British Museum (Natural History) is an 
institution for taxonomic research and an 
educational focal point for the public. The 
main aim of the research is to produce 
definitive accounts of the world’s animals, 
plants and minerals as well as the preservation 
of an extensive collection of fossils. 


Uy 


The successful candidate will supervise the 
work of junior staff, conduct research on the 
taxonomy of freshwater Chlorophyta and/or 
Rhodophyta and organise the  Section’s 
curatorial and advisory services. 


Candidates, normally aged under 32, should 
have a good honours degree or equivalent in 
an appropriate discipline and at least two 
years’ postgraduate experience. Experience in 
algal taxonomy is highly desirable. 


Appointment as Senior Scientific Officer 
(£5,675 to £7,420) or Higher Scientific Officer 
(£4,620 to £5,970) according to qualifications 
and experience, Salaries under review. Pro- 
motion prospects. Non-contributory pension 
scheme. 


Yj); LY: Yyy Yj 


For further details and an application form 
(to be returned by June 6, 1979) write to Civil 
Service Commission, Alencon Link, Basing- 
stoke, Hants. RG21 I1JB, or telephone 
Basingstoke (0256) 68551 (answering service 
operates outside office hours). Please quote 
ref: SB/55/DK. 
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CHAIRMAN 
DEPARTMENT OF MEDICINE 


THE UNIVERSITY OF CHICAGO 
PRITZKER SCHOOL OF MEDICINE 


Applications are invited for the position of Chairman 
of the Department of Medicine, The University of 
Chicago—Pritzker School of Medicine. Send letters of 
application and supporting information to: 


JARL E. DYRUD, M.D., 
Associate Dean for Faculty 


THE UNIVERSITY OF CHICAGO 


PRITZKER SCHOOL OF MEDICINE 


950 E. 59th Street, Box 411 
Chicago, Hlinois 60637 





An Affirmative Action/Equal Opportunity Employer 


12(A)} 
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UNIVERSITY OF NOTTINGHAM 
ENVIRONMENTAL PHYSICS AND 
PHYSIOLOGY 

Applications are invited from graduates and post- 
graduates for posts tenable for three years on the following 
interdisciplinary projects supported by the Department 


of the Environment and the Natural 


Research Council. 


Environment 


RESPONSES OF WHEAT TO SULPHUR 
DIOXDE (two posts) 


Graduate research assistant—to develop a computer- 
controlled system for exposing areas of field crops to air 
pollution and to investigate turbulent fluctuations in 
pollutant concentrations. A suitably qualified applicant 
may register for a higher degree. 

Postdoctoral research fellow—to study growth, develop- 
ment and yield of wheat in response to sulphur dioxide. 
Applicants should have a doctorate in an appropriate 


branch of biological science. 


FOG CAPTURE BY VEGETATION—A 
PATHWAY FOR POLLUTANT DEPOSITION 


Postdoctoral research fellow—to measure fluxes of fog 
to a forest and to isolated trees and shrubs and to deter- 
mine pollutant concentrations in the fog droplets. Part of 
the field work will be Northern England and Central 
Scotland. Applicants should preferably have a doctorate 
in physics, meteorology or related branches of physical 


science. 


THE HEAT BALANCE OF WET VEGETATION 


Ph.D. Research studentship—to make micrometeoro- 
logical studies of factors determining the duration of leaf 
wetness and to develop computer simulation models. A 
good honours degree in physics or environmental science 


is desirable. 
Salaries 


Postdoctoral fellow: on the scale £4,333 to £4,910. 
Graduate assistant: on the scale £3,775 to £4,333. 
Research student: Research Council rates plus fees 


and allowances. 


For further details of all projects write to Dr M. H. 
Unsworth, Department of Physiology and Environmental 
Studies, University of Nottingham School of Agriculture, 


Sutton Bonington, Loughborough LE12 5RD. 
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DIRECTOR 
INSTITUTE OF 
MARINE SCIENCE 


UNIVERSITY OF ALASKA 


The University of Alaska, Fair- 
banks, invites applicatiins for the 
position of Director, Institute of 
Marine Science and Division of Marine 
Sciences, Qualifications sought are a 
doctoral degree, leadership in inter- 
disciplinary research management, ex- 
perience in dealing with funding 
sources, and a knowledge of budgetary 
operations. A distinguished research 
record is expected. Experience in 
teaching and the supervision of thesis 
projects of graduate students is desir- 
able. Marine Sciences at the Uni- 
versity have a full-time faculty of 23 
and a graduate student enrolment of 
about 40. 

Applications or nominations with 
biographical and other pertinent in- 
formation should be received before 
July 1, 1979, by the chairman of the 
search commitee: 

Dr Gunter E. Weller 
Geophysical Institute 
University of Alaska 
Fairbanks, Alaska 99701 U.S.A. 


The University of Alaska offers 
equal educational and employment 
opportunities. WILKA) 


FACULTY POSITIONS 


PARASITOLOGY 


The Department of Pathobiology, 
University of Pennsylvania School of 
Veterinary Medicine is inviting appli- 
cations for faculty positions in the 
Laboratory of Parasitology. Applicants 
are expected to have a D.V.M. and/or 
Ph.D. degree and have a demonstrated 
ability and interest in research and 
teaching in parasitology. Major re- 
search interests in the laboratory at 
present are in the areas of immuno- 
parasitology and ecological para- 
sitology. Faculty rank and salary 
open. Candidates are requested to send 
resumes and names of references to 
Dr W. C. Wilcox, Chairman of the 
Search Committee, Department of 
Pathobiology, School of Veterinary 
Medicine, University of Pennsylvania, 
Philadelphia, Pa. 19174. 

An equal opportunity, 
action employer. 


affirmative 
WIDA) 





UNIVERSITY OF 


NEWCASTLE UPON TYNE 
THE ENERGY CENTRE 


Postgrad. or Postdoc. from suitable 
discipline (Science, Engineering, Statis- 
tics, or possibly Economics or Social 
Sciences) with interest in energy 
matters, for research project on Risks 
of Conventional Electricity Production. 

Initially one year contract; salary 
according to qualifications and experi- 
ence, 

Write, enclosing curriculum vitae, to 
Professor G. R. Bainbridge, Director, 
The Energy Centre, University of 
Newcastle upon Tyne, 37 Jesmond 
Road, Newcastle upon Tyne NE2 4EU. 

TOKA) 


Quote Ref: RV/589/N. 





UNIVERSITY COLLEGE Hospital. 
Scientific Officer (two posts), Applica- 
tions are invited from suitably quali- 
fied graduates to work in the 
Haematology Research Department on 
the antenatal diagnosis of thalas- 
saemia. Salary on the scale of £3,345 
to £5,253 dependent upon qualifica- 
tions and experience. Further informa- 
tion from Professor Huehns, Clinical 
Haematology Department, University 
College Hospital, Medical School, 
University Street, WC!. Application 
forms from Personnel Department, 
University College Hospital, Gower 
Street, WC1. Closing date: 10 days 
after appearance of this advertisement. 
TINA) 





UNIVERSITY OF 


LIVERPOOL 
DEPARTMENT OF 
GEOLOGY 


Applications are invited 
for the post of 


DEMONSTRATOR / 


SENIOR DEMONSTRATOR 


in the Department of Geology. Appli- 
cants should have an interest in some 
aspect of structural geology and experi- 
ence of field studies is essential. Teach- 
ing duties will be concerned mainly 
with structural courses. 

The post is tenable from October 1, 
1979, for one year in the first instance, 
renewable yearly though not normally 
more than twice. 

Initial salary on the scale £3,384 to 
£4,882 per annum (under review). 

Aplications, together with the names 
of three referees, should be received 
not later than May 25, 1979, by the 
Registrar, The University, P.O. Box 
147, Liverpool L69 3BX, from whom 
further particulars may be obtained. 
696(A) 


QUEENSLAND INSTITUTE 
OF TECHNOLOGY 
SENIOR LECTURER— 
HUMAN PHYSIOLOGY 


Applications are invited from suit- 
ably qualified medical graduates for 
this newly established full-time tenured 
post. The appointee should have been 
involved in tertiary teaching and 
would be required to exercise leader- 
ship in the teaching of human 
physiology. The pursuit of a research 
interest would be encouraged and 
professional experience programmes 
are available. A generous superannu- 
ation scheme operates. 

Salary will be within the range 
A$21,180 to A$24,687 per annum. 

Full details of the post and the 
Institute are available from the 
Agent General for Queensland, 392 
The Strand, London WC2R OLZ or 
telephone (01) 836 3224. 

Applications quoting V.51/79 and 
containing the names of three referees 
should reach the Personnel Officer, 
QO.1.T.. George Street, Brisbane 4000 
Australia by July 27, 1979. 

W 103(A) 


ROTHAMSTED 
EXPERIMENTAL STATION 


HARPENDEN, HERTS. ALS 23Q 


Applications are invited from suit- 
ably qualified scientists for the post of 
Head of the Nematology Department 
which will become vacant in late 1979 


on the retirement of Dr F. G. W. 
Jones. 
The Nematology Department has 


about 40 scientific staff and receives 
many visiting workers. 

The Department studies nematodes 
known or suspected to be plant para- 
sites, and the research programme 
includes both fundamental and applied 


investigations. The Head of Depart- 
ment will be expected to encourage 
collaboration with other relevant 
disciplines at Rothamsted, and with 
other sections of the agricultural! 
industry as appropriate. 

Appointment in the grade of 


§.P.8.0., £10,043 by two increments 
to a maximum of £11,300 (under 
review). Non-contributory superannu- 
ation. 

Apply in writing to the Secretary 
giving names and addresses .of two 
referees and quoting Ref. 389 by June 
8, 1979. Further details on request. 

71A) 


Nature Vol. 279 10 May 197 


RESEARCH GROUP requires labor 
tory scientific officer to assist — 
genetic and cell biology work invo’ 
ing tissue culture. Candidates wł 
relevant experience preferred. Applic 
tions should be sent to the Administs 
tive Assistant, Paediatric Resear 
Unit, The Prince Philip Resear 
Laboratories, Guy's Hospital Medic 
School, London Bridge SEL 9RT. 
T36(A)Y 





ASSISTANTSHIPS 


UNIVERSITY OF 


DUNDEE 
DEPARTMENT OF 
CHEMISTRY 
Applications are invited for a 


POSTDOCTORAL 
RESEARCH 
ASSIST ANTSHIP 


for research with Dr J. A. Miller 
on applications of organo- 
phosphorus chemistry to problems 
in organic synthetic methods and 
in natural product synthesis. 

The preferred starting date is 
October 1, 1979 but earlier or 
later dates are negotiable. The 
appointment, which is financed 
from an S.R.C, grant is available 
for one year in the first instance 
but renewal for a second year is 
likely. Initial salary dependent on 
age, qualifications and experience 
but within the range £3,883 to 
£4,365 (under review). 

Applications, with 
vitae and the names of twe 
referees and quoting Ref: EST/ 
49/79J should be sent as soon as 
possible (and not later than May 
21, 1979) to The Secretary, The 
University, 


curriculum 


Dundee DDI 4HN. 
706(P) 











THE QUEEN’S 
UNIVERSITY OF 
BELFAST 

A POSTDOCTORAL | 
RESEARCH ASSISTANT 
Department of Pure and 
Applied Physics 


Applications are invited 
from men or women for a 
postdoctoral research assist- 
antship supported by the 
Science Research Council in 
connection with an experi- 
mental study of lipid monolay- 
ers (with particular reference 
to their phase transitions) 
using laser light scattering 
techniques. The appointment 
is tenable for up to three 
years and initial salary will be 
in the range £3,885 to £4,383 
(under review). Experience in 
computing is required; rel- 
evant experience in either 
lipid monolayers or photon 
correlation would be advan- 
tageous. | 

Applications with curricu- 
lum vitae and the names and 
addresses of two referees to 
the Personnel Officer, The 
Queen’s University of Belfast 
BT7 INN, Northern Ireland. 
Closing date May 28, 1979. 

687(P) 

















JNIVERSITY OF CAMBRIDGE, 
partment of Botany. Postdoctoral 
ist Applications are 
vited for a postdoctoral research 
sistantship to work on the bjo- 
emistry of the chloride- -pump of sea 
vender. The post, which is supported 
the Science Research Council, is 
r a period of three years from 
ctober J, 1979. The salary will be 


ithin the range TA, starting at 
883 to £4,382 {under review). 
pplications with curriculum vitae 


d the names and addresses of two 
as soon as 
ssible to Dr D., E. Hanke, Botany 
Downing Street, Cambridge 
, from whom further par- 
culars may be obtained. 

750¢P) 


OXFORD UNIVERSITY 
INORGANIC CHEMISTRY 
LABORATORY 
POSTDOCTORAL RESEARCH 
ASSISTANTS: OPTICAL AND 
MAGNETIC PROPERTIES OF 
INORGANIC SOLIDS 














Applications are invited from 
coshemists or solid-state physicists for 
to three Postdoctoral Research 
sistantships to work on preparation 
and crystal growing and on the 
agnetic, magneto-optical and optical 
roperties of inorganic and metal- 
rganic solids. Experience of either 
cerystal growing, magnetic measure- 


mncnts, magneto-optics or laser spectro- 
: copy would be an advantage. Tenable 
p to three years from October j, 
4979. Salary on the Science Research 
council Scale 1A (£3,883 to £6,555) 
: U.S.S. Applications should be 
nt to Dr P. Day or Dr R., ©. 
Yenning, Inorganic Chemistry Labora- 
wory, South Parks Road, Oxford OX! 
QR, from whom further details may 
T4A4(A) 


~ UNIVERSITY OF OXFORD 
LABORATORY OF MOLECULAR 
BIOPHYSICS 
M.R.C. 
POSTDOCTORAL 
RESEARCH ASSISTANTSHIP 
IN BIOCHEMISTRY 


A post-doctoral position is available 
Hor a biochemist to work in collabora- 
S4on with crystallographers on the re- 
j the structure and 












is possible to make 
definite Se about mechanism. 
m he biochemist would be involved in 
he design of experiments to test these 
wroposals and in initiating his or her 
own programme of research on phos- 
cwhorylase and related enzymes. 
. The appointment is for 3 years. 
Palary is on scale Grade IA in the 
ange £4,365 to £5,506, according to 
age. Applications with the names of 
“wo referees should be sent to Dr. 
. N. Johnson, Laboratory of Mole- 
ular Biophysics, South Parks Road, 
xford OÖOX1 3PS, from whom further 
wformation may be obtained. 711P} 













STUDENTSHIPS 


AGRICULTURAL 
RESEARCH COUNCIL 


STUDENTSHIP 


_ Applications are invited for a 
‘Studentship to work in the Protein 
ection of the Meat 


~ nstitute, 
The project is to 





investigate the 









ective tissues in relation 
nd development. 

This will consist of radioactive in- 
ssorporation studies together with auto- 
“adiography, the chemical analysis of 
onnective tissue components and an 
xamination of the cellular mechan- 
sms for resorption of tissue. 


The project is expected to form the 


wasis for a Ph.D. thesis in the 
_Jhiversity of Bristol and the appoint- 
ament will commence in October. 

Candidates should possess a First or 


Jpper Second Class degree in Bio- 
ahemistry. 
Further particulars of the award 


as and allowances together with Applica- 
fon Forms may be obtained from the 
r ersonnel Officer, Agricultural Re- 
aearch Council, Meat Research 
nstitute, Langford, Bristol el TDY. 


aut) 


Nature Vol. 279 10 mature Vou 2/9 10 May 1979 ili 1979 


Research 


@urnover and remodelling of the con~ 
to growth 


1979., 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF 
MICROBIOLOGY, 

THE MEDICAL SCHOOL 
M.R.C. RESEARCH 


STUDENTSHIP 


Applications are invited from good 
honours graduates in a biological 


THE UNIVERSITY 
OF MANCHESTER 
DEPARTMENT OF PHYSIOLOGY 


RESEARCH STUDENTSHIPS 


invited for three 
studentships 
tenable in the 


Applications are 
postgraduate research 
(MRC and S.R C. 
Department of Physiology from Octo- 


science and from students who expect be 
r 1, 1979, The value of the awards 
k EE a in 19/9 for an M.R.C. will be according to Research Council 
esearch Studentship to investigate | scales. These awards are for research 
dimorphism and pathogenicity in | into: secretion of electrolytes and 
Candida albicans. The work will enzymes by exocrine glands, renal 


ae biochemical analyses, electron 
microscopy and animal 
tion, 
The 
three 


experimenta- 


tenable for 


satisfactory 


studentship is 
years, subject to 
progress, and the successful candidate 
will be registered for the degree of 
Pr. D. 

Applicants should write by May 25 
to r C. Odds, Department of 
Microbiology, University of Leicester, 
Leicester LBI 7RH, enclosing a 


function human circa- 
dian ryhthms; 
central neurotransmitters; 
neurophysiology; physiology of dystro- 
phic muscle. Eligible candidates should 
hold or expect to obtain a good Hon- 
ours degree in physiology, pharmaco- 
logy, biochemistry or other related 
subjects. Applications, together with 
the names and addresses of two re- 
ferees should be sent as soon as pos- 


in pregnancy; 
cardiovascular reflexes; 
cerebellar 


curriculum vitae and the names and sible to Dr. A. C. Wareham, Depart- 
addresses of two referees. 725(F) ment of Physiology, The Medical 
School, University of Manchester, 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF ZOOLOGY 
Applications are invited for an 


M.R.C. 
RESEARCH STUDENTSHIP 


in Neurobiology to join a project with 
Dr Alan Roberts on central 
mechanisms underlying 
movements of amphibian 
Intracellular recording, neuroanatomy 
and digital computer modelling of 
neural networks will be involved. 


nervous 
swimming 
embryos. 


Manchester M13 OPT. ba ued 061- 
273-8241. SI(F) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF 


DERMATOLOGY 
Applicants should be interested in 
one = these Approaches and have (or Postgraduate Research 
expect) a go degree in Science or 
Engineering. The post will be for three Studentship 
years from October 1979, Applications are invited from 
honours graduates, or prospective 
Applications should be sent to Suzy honours graduates, for a Junior 
Oakes, Department of Zoology, Uni- | Research Associateship which is avail- 
versity of Bristol, Woodland Road, able for up to three years in the 
Bristol BSR 1U as soon as possible, Department of Dermatology for 
and should include the names and | research into the action of pigmentary 
addresses of two referees and a curri- peptides in the skin. The research 


culum vitae. 69O(P) 


UNIVERSITY OF 


MANCHESTER 


DEPARTMENT OF 
MEDICAL BIOPHYSICS 


RESEARCH STUDENTSHIP 
IN BIOPHYSICS 


Applications are invited from 
students having, or expecting, a good 
honours degree in science for an 
M. R.C. Research Studentship to 
undertake postgraduate research train- 
Biophysics, commencing 
October 1979, The successful candi- 
date will be offered a choice of 
ay. projects and will be registered 
the 


ing in 


with for a higher 
degree, 

Further details from Dr J. A. 
Chapman, Reader in Biophysics in the 
Department of Medical Biophysics, 
University of Manchester, Stopford 
Building, Manchester Mi3 SPT, to 
whom a detailed application, including 
names and addresses of two referees, 
should be sent as soon as possible. 


T21CF) 


University 


THE POLYTECHNIC 
WOLVERHAMPTON 
DEPARTMENT OF 

BIOLOGICAL SCIENCES 


N.E.R.C. C.ALS.E. 
STUDENTSHIP 


To investigate aspects of decom posi- 
tion of organic mater in soil in order 
to devise a standardised test to be 
used as an index of the effects of 
pesticides on decomposition. 

Supervisors: Dr . J. L. Harding 
and G. Ayerst (Wolverhampton); Dr 
C. A. Edwards (Rothamsted Experi- 
mental Station, Harpenden). 

Applicants should have or expect 
to obtain a good honours degree in 
biology or ecology, preferably with 
experience in microbiology. 

The student will be registered with 
C.N.A.A. for M.Phil. /Phd, 


Further details and application 
forms are available from “Personnel” 
The Polytechnic, Wolverhampton 

) 


WVt ILY. 
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methods will include bioassay in con- 
junction with radioimmunoassay and 
chromatography. The successful candi- 
date will be required to register for a 
higher degree and will be awarded 
maintenance allowances equivalent to 
those of M.R.C./S.R.C. studentships. 


Applications giving a brief curricu- 
lum vitae an the names of two 
referees should be submitted by May 
25, 1979 to S. Shuster, 
Department of Royal 
infirmary, upon 

734(F) 


Professor 
Dermatology, 
Victoria Newcastle 


Tyne. 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 


Muscular Dystrophy Group 
Research Studentship 


Applications are invited from 
graduates in physiology, pharmacology, 
zoology or other appropriate bio- 
logical sciences for a research student- 
ship. The successful 
work on aspects 


applicant will 
of neuromuscular 
transmission in mice suffering from 
inherited diseases of the peripheral 
nervous system, and will need to adopt 
a multidisciplinary approach involving 
both physiological 
studies, 


The studentship {value £1,610 per 
annum} is tenable for three years and 
will be held at the Muscular Dystrophy 
Newcastle upon 


and morphological 


Group Laboratories, 
Tyne. 


Applicants should contact Dr J. B. 
HARRIS, Muscular Dystrophy Group 
Laboratories. Newcastle General 
Hospital. Westgate Road, Newcastle 
Tyne NE4 6BE ‘for further 
Applications should consist of 
a curriculum vitage, a statement of 
academic interests and the names of 
two referees and should be sent 
directly to Dr J. B. HARRIS, at the 
above address by June &, ais 7 


upon 
details. 
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UNIVERSITY OF 


ABERDEEN 
DEPARTMENT OF 
MICROBIOLOGY 
The Department has a number of 


RESEARCH STUDENTSHIPS 


available from October 1979. These 
will be for research in the areas 
of:—kinetics and genetics of bac- 
terial transport systems; microbial 
interactions in soil nitrification; wall 
synthesis and morphogenesis in patho- 
genic fungi; origins and function of 
chitinase in fish, physiology and eco- 
logy of sulphate reducing bacteria in 
relation to North Sea oil industry. 

Enquiries and applications from 
suitably qualified graduates or final 
year students in microbiology and 
related disciplines, should be addressed 
to Head, Department of Microbiology, 
University of Aberdeen, Marischal 
College, Aberdeen ABS IAS. 

TOHE) 





COURSES 


EMBO COURSE 
ELECTRON MICROSCOPY 
OF NUCLEIC ACIDS 


An advanced practical course on 
electron microscopy of nucieic acids 
will be held at the University of Ulm, 
from October 8 to 13, 1979. 

The practical work includes: Hetero- 
duplex analysis, Partial denaturation 
mapping of DNA, Secondary structure 
analysis of RNA, Cross-link reactions 
in nucleic acids, Molecular darkfielu: 
brightfield electron microscopy. Instruc- 
tors are competent researchers in the 
field. 

Participants will be limited to 12 and 
selected from applicants having some 
experience with nucleic acid studies 
and/or electron microscope techniques. 
Limited funds will be available to cover 
travel expenses and/or a few stipends 
for accommodation, Applications 
should be sent to the Organisers, not 
later than August 15, 1979: Dr G. 
Klotz, Dr A. K. Kleinschmidt, Depart- 





ment of Microbiology, University of 
Ulm, Postfach 4066, 0D-7900 “Ulm 
(Germany). W98(D) 








AWARDS 


VETERANS ADMINISTRATION 
announces the Second Round- 
Alcholism Program. Emphasis on basic 
research to address etiology of alcohol- 


ism. Three year awards, up to 
$100,000 per year. Applications 
accepted from VA and non- VA 
scientists, Ph. D.’s and M.D.’s. 
Research to be conducted in a VA 
Medical Center. Applications pro- 


cedure: Letter of intent to apply due 
June 1, 1979. Ten page application due 
July 15, 1979. Decision on awards 
funding before January, 1980. Applica- 
tion should include the following: 
(1) Proposed investigation; (2) Curricu- 
lum vitae; (3) Two letters of recom- 
mendation. For further information 
contact: Dr Marcus Rothschild, VA 
Medica! Center, New York, New York 
10010 (212) 886-7500 X405. Dr Robert 








Allen (t51F), VA Central Office, 
Washington, D.C. 20420, (202) 389 
2124. W 1000N) 
FELLOWSHIPS 
UNIVERSITY OF WARWICK 
POSTDOCTORAL 


RESEARCH FELLOWSHIP 
IN INORGANIC CHEMISTRY 


Applications are invited for an 
S.R.C. Research Fellowship in the 
Department of Chemistry and Mole- 
cular Sciences for work on preparative, 
structural and catalytic properties of 
co-ordination and organometallic com- 
pounds of titanium, zirconium and 
hafinium in their iower oxidation states. 
The work is in conjunction with Pro- 
fessor M. G. H. Wallbridge and Dr 
G. R. Willey, and is for one year in 
the first instance with the possibility 
of renewal. Salary on the Research 
Range 1A scale, £3,883 to £6,555 
(under review). Applications forms ‘and 
further particulars may be obtained 
from the Academic Registrar. Univer- 
sity of Warwick, Coventry CV4 7AL, 
UK. Please Quote Ref. 39/3A/19. . 
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UNIVERSITY OF 
STRATHCLYDE 


Applications are invited for a 


POSTDOCTORAL 
FELLOWSHIP IN 
ANALYTICAL 
CHEMISTRY 

in the DEPARTMENT OF PURE 
AND APPLIED CHEMISTRY, 
tenable for two years, to work on 
the development and application 
of analytical techniques for the 
study of trace element metabolism 
during intravenous nutrition and 
in chronic haemodialysis with 
particular reference to selenium 
and chromium. Preference may be 
given to applicants with experience 
in atomic spectroscopy, as the 
principal techniques to be used 
will be flame atomic fluorescence 
and carbon furnace atomic absorp- 
tion and emission spectrometry 
but consideration will be given to 
all candidates with a strong 
interest in the application of 
analytical techniques to clinical 
biochemistry. The post is sponsored 
by the Scottish Home and Health 
Department and will be jointly 
supervised by Dr J. M. Ottaway 
of the University of Strathclyde 
and Dr G. S. Fell of the Royal 


Infirmary, Glasgow. 

The applicant will join an 
active research team involved in 
a wide range of trace meta! 
metabolic studies in human 
medicine. 


Commencing salary up to £5,637 
per annum, under review, Range 
IA of the national salary struc- 
ture for research and analogous 
staff. Placing according to 
qualifications and experience. 
Superannuation benefit. 

Further particulars (quoting 
R15/79) may be obtained from 
Dr J. M. Ottaway. Department of 
Pure and Applied Chemistry, 
University of Strathclyde, 
Cathedral Street. Glasgow G1 1XL, 
to whom applications should be 
sent as soon as possible. 

94(E) 


THE ROYAL SOCIETY 
THE SMITH & NEPHEW 
FOUNDATION 
SENIOR 


RESEARCH FELLOWSHIP 


Applications are invited by the 
Council of the Royal Society for The 
Royal Society Smith & Nephew Foun- 


dation Senior Research Fellowship, 
established by means of a five-year 
grant from the Smith & Nephew 


Foundation for research in organic 
chemistry or biochemistry. The ap- 
pointment will be tenable in any ap- 
propriate university department or 
research institution in the United 
Kingdom approved by the Council of 
the Royal Society. Candidates, who 
must be citizens of th. United King- 
dom or the Commonwealth, must sup- 
ply the usual personal details and give 
two referees. Testimonials will not be 
considered. The subject of the pro- 
posed research, and where it would 
be done, together with the name of 
the head of the department, whose 
consent should first be obtained, must 
be stated. 

The appointment which will be sub- 
ject to the Societv’s general regulations 
governing research appointments, will 
be tenable for five veers from Octo- 
ber I, 1979 (or another date to be 
arranged). Applicants should be un- 
der 40 on October 1, 1979. The pre- 
sent stinend scale is £8.031 by £252 to 
£8,787 by £749 to £9,036 ner annum, 
and the point of entry will be deter- 
mined by Council. Superannuation 
benefits will be provided. Some provi- 


sion for research expenses will be 
available. 
Applications should be made on 


forms to be obtained from the Execu- 
tive Secretarv, The Roval Soc'etv. 6 
Cartton House Terrace, London SWty 
SAG, and returned by June 4. 1979, 
685(E) 
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IMPERIAL CANCER 
RESEARCH FUND 
RESEARCH FELLOWSHIP 


A Postdoctoral Biochemist 
or Molecular biologist with 
experience in DNA sequenc- 
ing techniques is required to 
assist in cloning and to 
sequence biologically signifi- 
cant regions of higher eukary- 
otic DNA. 


The appointment will be for 
three years. Salary range 


£5,384 to £6,582 inc. L.A. 


For further information 
telephone Dr A. M. Fried 
(01-242 0200 ext. 297). Appli- 
cations with curriculum vitae 
and the names of two referees 
should be sent to the Secre- 
tary Imperial Cancer Research 
Fund, Lincoln’s Inn Fields, 
London, W.C.2, quoting Ref- 
erence 235/79 by June 4, 
1979, 703(E) 








ST, PATRICK’S COLLEGE 


MAYNOOTH 
DEPARTMENT OF 
CHEMISTRY 
DUBLIN UNIVERSITY 
TRINITY COLLEGE 
DEPARTMENT OF PURE 
AND ALLIED PHYSICS 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 
IN SURFACE SCIENCE 


Applications are invited for the 
above post, funded by the National 
Board for Science and Technology, 
available immediately, tenable for 
a period of one year and renew- 


able for a second, and final, 
year, at a salary of £4,190 per 
annum. 


The Research Fellow will cot- 
laborate with Professor Č. M. 
Quinn and Dr J. F. McGilo on 
experimental and theoretical 
studies of electron scattering from 
clean and adsorbate-covered single 
crystal surfaces. 

Applicants should in 
instance, telephone 
Office, Trinity 
Dublin 772941, Ext. 


the first 
the Staff 
College, on 
1678/1775. 
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UNIVERSITY COLLEGE 


DUBLIN 
DEPARTMENT OF 
BIOCHEMISTRY 
Applications are invited for a 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


in the Department of Biochemistry, 
Belfield, Dublin 4. The successful 
applicant will help to develop a pro- 
ject (sponsored by Nordic Cold 
Storage Ltd.) investigating enzymatic 
changes occurring during long term 
storage of frozen meat products, and 
will therefore be expected to have 
adequate postgraduate experience in 
food science or in related fields. 
Appointment will be made on an 
annual basis for up to three years on 
a salary scale of £3,883 to £4,382 per 
annum. 

Applications, with curriculum vitae 
and the names of two referees, should 
be sent, as soon as possible, but not 
later than May 31, 1979 to one of 
the following addresses: The Secretary, 
Department of Biochemistry, Univer- 
sity College. Belfield. Dublin 4 or Mr 
Ww. j. 


Fearn, 1, The Sanctuary, 
Westminster SWIP 33T, London, 
England. TIKE) 
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UNIVERSITY OF 
NOTTINGHAM 


MEDICAL SCHOOL 
DEPARTMENT OF 
BIOCHEMISTRY 


POSTDOCTORAL 
FELLOWSHIP 


Applications are invited for an 
M.R.C. funded post to investigate the 
properties of the muscarinic acetyl- 
choline receptor on neuroblastoma 
cells in tissue culture; particular 
emphasis is to be made on the role 
of cyclic nucleotides in receptor 
function. 

The post is for one year renewable 
for a further year at a starting salary 
of £3,883 per annum and the success- 
ful applicant will start on September 
1, 1979 (or later as arranged). 

Applications, including a curriculum 
vitae and the names of two referees, 
should be sent as soon as possible to 
Dr P. G. Strange, Department of 
Biochemistry, Medical School, Queen's 
Medical Centre, Nottingham WNG7 
2UH. T57(E) 





DALHOUSIE UNIVERSITY 
DEPARTMENT OF 
BIOCHEMISTRY 


POSTDOCTORAL 
FELLOWSHIP 


A position is available immediately 
to do cell cycle research with yeast, 
A background in biochemistry, mole- 
cular biology, cell biology, or micro- 
biology desirable. Send Curriculum 
Vitae and names of three references 
to Dr R. A. Singer, Department of 


Biochemistry, Dalhousie University, 
Halifax, Nova Scotia, CANADA. 
W !105(E) 





CONFERENCES 


CALL FOR ABSTRACTS 
BIOPHYSICAL DISCUSSIONS 
Second Discussion—-May 1980 


PROTEINS AND 
NUCLEOPROTEINS: 
STRUCTURE, DYNAMICS 
AND ASSEMBLY 


The Biophysical Society will hold its 
2nd Biophysical Discussion at Airlie 
House, Airlie, Virginia (near Washing- 
ton, D.C.) on May 18-21, 1980, This 
Discussion will consider recent ad- 
vances in understanding the principles 
of macromolecular structure and 
dynamics. Sessions will be devoted to: 
elucidation of structure by diffraction 
and spectroscopic methods; nature of 





forces stabilizing macromolecular 
structure; fluctuations in macromole- 
cular structures; and mechanisms of 
folding and assembly. Experimental 
systems to be discussed include 
proteins, viruses, and organelles in- 
volving protein-nucleic acid inter- 
actions. 


Prior to the meeting, all participants 
will receive a study book containing 
the full Discussion papers and poster 
abstracts. There will be no formal 
presentation of papers at the meeting, 
only a five-minute reminder followed 
by open discussion. A $175 fee wiil 
cover registration, three days’ room 
and board, the study book, and the 
final proceedings volume. 

Papers submitted for the Organizing 
Committee's consideration are due as 
follows: 

July 16, 1979--Preliminary abstracts 
(<300 words, to be reviewed and 
selected by August Ist) 

December 1, 1979---Complete manu- 
scripts (to be refereed and selected 
by mid-January) 

The full edited proceedings of ca. 
500 pp, will be published in hardbeck 
by Rockefeller University Press ($20 
prepublication, $30 after October 
1980). Identical text will be received 
hy Biophysical Journal subscribers 
(1980 subscription, 12 issues, $150). 
For these publications, remit to Order 
Service. Rockefeller University Press, 
P.O. Box 5108, New York, N.Y. 
10249, USA. 

For further information contact 
Valerie Parsegian, Executive Secretary, 
Biophysical Discussions, P.O. Box 
30239, Bethesda, Mcrrviand 20014, 
USA. Phone (202) 362-8184. 
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We have much pleasure 
announcing that the 
Queen’s Award for 
Technological 
Achievement has been 
conferred on the 
Company. 


The award has been mad 
for work, in collaboratio: 
with the Royal Signals 
Radar Establishment an 
the Department of 
Chemistry, Hull 
University on Liquid 
Crystal Display Materials 
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time flies... 


In the days when pocket watches and ‘Double Alberts’ were the 
fashion and British technology influenced the lives of millions 
of people throughout the world, the Company was in its 
formative years and proudly bore the name The British 

Drug Houses Limited. 


Times and fashions change . . . the clockwork time 

piece gives way to electronic wizardry, this 

Company in keeping with the modern idiom is 

known as BDH .. . but one thing is constant, 
British technology is still pre-eminent. 


The unique blue LC display in the digital 

watch is the result of collaboration 

between BDH, Professor Gray and his 

team at Hull University and the UK 

Royal Signals and Radar 
Establishment. 


BDH offers manufacturers 
the finest range of LCD 
materials in the world. 


BDH Chemicals Ltd Poole BH12 l 
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Your DNA research should have a happy ending. credential that accompanies each order. No surprises, 
That's why Miles has developed enzymes that cleave no mystery. 
and splice DNA easily and accurately. And, for recombinant DNA, we have terminal 
All of our restriction AOAC ai iiaa transferase to add dA and 2 
nucleases-such as Eco RI- 8 | | | a dT segments and DNA 
specifically cleave DNA B o ioe e ONERE eee a ligase to splice fragments 
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within certain well-defined 5 rae a R s together = 
base sequences. And to B C] Please send a current Miles Biochemical Catalog. B Restriction nucleases, 
make sure you're happy BY ices a terminal transferase, DNA 
with the cleaved ends, - pg (please print) 8 ligase. Miles enzymes for 
we include a sample a Institution ; - happy endings... and 
of lambda DNA for B Addres g beginnings. 
verification of enzyme . | B 
Ga : B City State Zip B i SA: 
activity... so you never risk 8 : Tae eRe E ER YO Y 
= : _ esearc ucts rs: 
your resear ch DNA. The E Research Products Division Miles Laboratories, Ltd. eo o> Division MI LES 
results of our stringent e ae Laboratories Inc. PO Box 37 eee = os A A. 
O. BOX toke Court, otoke roges 
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The ALZET® osmotic minipump 

... control complements chemistry 

in the quest for specificity. 

Since Ehrlich’s time, chemistry has been the 
dominant creative force in the quest for 
specificity in the action for drugs. Yet true 
specificity is elusive, and even the hor- 
mones show undesirable and unsafe 
actions when their concentrations in blood 
or tissues are uncontrolled. The physiology 
of hormonal secretory control systems 
teaches how control has complemented 
chemistry in nature’s quest for specificity 
and continuity in hormonal action. 

The ALZET® osmotic minipump now 
gives you unprecedented, round-the-clock 
control for one and two weeks over the 
entry of drugs or hormones into the blood- 
stream of unrestrained lab animals. With 


alza Palo Allo, Caillomia 94304 
Circle No. 01 on Reader Enquiry Card. 





UNRESTRAINED 
CREATIVITY 






the incredible minipumps, you can attain 
gland-like control, allowing you to optimize 
both the specificity and the continuity of 
action of the agents you use in your research. 
Creativity in applying the principle of control 
to complement chemistry is yours for the doing. 
Examples of such creativity are 
illustrated in the rapidly 
expanding Alzet® osmotic i 
minipump product bibliog- i Ni 
raphy. May we include ' 
your abstract or paper re- ’ 
porting work based on minipump 
use? For a copy of the bibliog- 
raphy, or to order, call the 
following toll-free number: 
800/227-9953. In California 
and Hawaii, call collect: 
415/494-5067. 
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Scanning electron micrograph of Ist 

instar aphids. The manner in which 
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tory is described on page 324. 
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4C-Protein molecular 
weight markers 


Labelled proteins.of known molecular weight for 
use as markers in gel electrophoresis are available 
from TRC NOW 


New 
[*C]Methylated 


"C 
Lysozyme CFA.605 MW 14,300 


i | 
proteins | Carbonicanhydrase CFA622 MW30,000 
| | ! Ovalbumin CFA.623 MW 46,000 

Bovine serum albumin CFA.621 MW 69,000 

Phosphorylase b CFA.609 MW92,500 


Myosin CFA.625 MW 200,000 
Specific activity 3-30uCi/mg of protein 
Also available 


[“C]Methylated 
orotein mixture CFA.626 


Contains equal activities of each of the 6 markers 
AeA ANSE Ean Ri eee ERR ee me 


Please enquire for further details 






Full information is available on request 


+ * l 
The Radiochemical Centre 
h : The Radiochemical Centre Limited, Amersham, England. Telephone: 024-04-4444 
Amers agam In W. Germany: Amersham Buchler GmbH & Co KG, Braunschweig. Telephone: 05407 -469 
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Guide to authors 


@ Review articles should be aimed 
at a relatively wide readership. 

Many reviews are invited, but 
submitted articles may also be accepted; 
it is advisable to consult us before 
writing a review article. 

@ Articles may be up to 3,000 words 
long with at most six displayed items 
(figures and tables); they are reports of 
major research developments. 

@ Letters are brief reports of original 
research of unusual and wide interest, 
not in general longer than 1,000 words; 
they have at most three or four 
displayed items. 

@ ‘Matters Arising’ permits short 
discussion (up to 300 words) of papers 
that have recently appeared in Nature. 


Articles should be accompanied by an 
abstract of not more than fifty words. 
«Letters should begin with a paragraph 
giving the background and main 
conclusions tn terms intelligible to as 
wide a readership as possible. 

Manuscripts may be submitted either 
to London or New York. Three 
typed copies should be submitted, each 
including lettered copies of figures. 
Typing (including references) should be 
double spaced. The title should be 
brief and informative. Pages should 
be numbered. References, tables and 
figure legends should start on separate 
pages. Experimental detail vital to the: 
paper yet which would interrupt the 
narrative is best placed in the figure 
legends. Units should conform to the 
Systeme International. Greek 
characters should be identified in the 
margin on their first appearance. 
Equations should occupy single lines 
if possible; exp (a) is preferred to e“ if ‘a’ 
is more than one character. 

References are indicated by 
superscripts in the text. See any 
contemporary Nature for style, but note: 

(i) only one reference number need be 
used if the reference is to several papers 
by identical authors. 

(ii) first and last pages of references 
should be cited. 

Abbreviations should follow the 
World List of Scientific Periodicals, 
fourth edn (Butterworth, 1963- 65). 
Symposia are often difficult to refer to 
and only published or soon-to-be- 
published volumes should be mentioned 
in references. Their publisher and place 
of publication should be clearly indicated. 
‘Personal communication’ and ‘unpub- 
lished’ should be incorporated in text. 

Artwork should be sent with the 
manuscript and clearly marked with 
author’s name and the figure number. 
Line drawings should be either 
photographic prints or in Indian ink on 
heavy cartridge paper, tracing paper or 
similar materials. Most figures are 
reduced to one column width so originals 
should be about as wide as a page of 
Nature. To enable figures, particularly 
maps, to be edited in the same style as the 
text, they should contain only essential 
material. Ideally, an unaltered original 
and three lettered copies should be 
provided; labelling on half-tones should, 
if possible, be avoided entirely. 
Magnifications quoted should be for 
the figures as submitted. We are always 
glad to see artwork for possible use on the 
cover, but cannot guarantee its return. 

In order to save on postal expenses we 
return only the top copy and artwork of 
manuscripts that we cannot publish. 

Nature’s publishing policy is outlined 
in 258,1 (1975) and 264, v, 11 Nov. (1976). 
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Just a minute... 


The Titertek® Multiskan is an eight-channel 
photometer designed to measure simultaneously the 
absorbances of the contents of eight wells (one row) 

of a flat bottomed microtitration plate. 

The vertical light path is unique and ensures that the 
measured absorbance is dependent only on the amount 
of absorbing substance, not on its concentration. 

A microprocessor based system controls the reading 
process which is automatic and takes only 60 
seconds for 96-wells. 


, Ithas been designed specifically for Enzyme-linked 
Immunoassays but has many other applications. 


„tO read 96 wells ! 
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A select committee to be kept 


WITHIN a period of weeks rather than months the UK 
House of Commons is likely to start discussing changes in 
procedure, and high on the list of priorities will be a 
re-organisation of the select committee structure. There is 
a wide measure of support in parliament for the re-aligning 
of committees along ministerial lines, and were this to come 
about the Select Committee on Science and Technology 
would be disbanded; scientific issues would then be the 
concern of, at the least, the select committees on agri- 
culture; defence; education, science and the arts; energy: 
environment; industry; and social services. Professors 
Ziman and Denbigh recently expressed the view of the 
Council for Science and Society that this would be a 
retrograde step (10 May, p 100). 

This is a view which will be widely shared by scientists 
and technologists. The present committee has cote in for 
its fair share of criticism from us and others in the past, 
but at least it has provided a fairly effective way by which 
the communities of science and technology could make 
contact with parliament, in an almost totally non-partisan 
way, on matters of concern. In none of the proposed new 


committees will scientists find their interests and worries 
given anything like the same attention—least of all in the 
education, science and arts committee, where education 
will surely swamp everything else. 

The scientific and technological community, almost by 
its very nature, has never had more than a handful of its 
number in the Commons. During its time, however, the 
select committee has turned up several non-scientists who 
have taken an active and highly intelligent interest in 
scientific matters; in the new order there is unlikely to be 
any incentive for such people to come foward. 

Finally, the assumption made in the new scheme is that 
the way the government divides its ministerial responsi- 
bilities is the way that major national issues divide. This 
is simply not true in the scientific and technological field. 
Who would look at genetic manipulation? The impact of 
microprocessors? Support for innovation? Scientific man- 
power problems? Training for the engineering profession? 
Climatic change? These are all matters in which parlia- 
mentarians ought to be informed. And none of them falls 


wanenny 


neatly into one department’s remit. Load 


Elitist patronage—and rightly so 


Five years ago the German pharmaceutical company C. H. 
Boehringer Sohn of Ingelheim invited a group of biologists, 
medical researchers, and philosophers to spend a few days 
together in a well-appointed Schloss far from the pressures 
of colleagues, students and telephones. The group 
brooded on the question of creativity, and a report of the 
deliberations was later published (The creative process in 
science and medicine edited by Hans Krebs and Julian 
Shelley; Excerpta Medica), 

The indefatigable Dr Shelley, Boehringer’s Director of 
Clinical Investigation, has just stage-managed a second 
symposium with a broad interdisciplinary sweep. As if the 
first of them were not wide-ranging enough, the second 
was entitled ‘Structure in Science and Art’, and this time 
the biologists and philosophers were joined by an architect, 
a professor of English, two composers, a novelist. three 
physicists, a concert pianist and an art historian. This 
heady brew resembled nothing so much as a High Table of 
High Tables in the Oxbridge tradition, except, of course, 
that with a battery of microphones and an army of typists 
waiting to transcribe every slightest rernark, conversation 
was considerably more elevated than standard High Table 
fare concerning the foibles of students, the price of books 
and the run-down condition of the college gardens. 

This is no place to try to summarise the presentations 
and discussions, which roamed over perception, the ob- 


server in the universe, structuralism in the novel, D’Arcy 
Thompson’s mathematical analysis of form, Breughel’s 
‘Icarus’, Schoenberg's piano music and much else besides, 
But it is appropriate to ask whether at the end of the day 
any threads, however tenuous. had been laid across the 
yawning chasm between the sciences and the arts. Does 
‘structure’ offer any common ground-—-does, for instance, 
appreciation of the structure of a Mozart concerto help 
those looking for structure in biological molecules? On the 


face of it, no. 


Those who read the proceedings of this symposium 


in the hope of seeing new lines of thought emerge, 


spanning the disciplines, will almost certainly be dis- 
appointed. But sensitivity to a wide range of subjects 
probably does help to enrich work in one’s own particular 
discipline. And occasions such as this symposium do help 
to heighten that sensitivity of those fortunate participants. 

It is a commonplace to say of a conference that the real 
work was done outside the formal sessions. In this case, 
however, there is little doubt that this was true: the new 
contacts, the informal conversations will count for more 
than what was actually said to the microphones. Mercifully 
the sponsors seem to appreciate this, and look for no agreed 
conclusions, no statement to the world out of it all. It is 
enlightened patronage, of an elitist sort that few dare to 
pursue these days, ba 
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A week of nuclear decision in the United States and Europe 


Columbia University drops plans to operate reactor 


Last week the University of Columbia 
in New York withdrew a request for a 
permit from the City of New York to 
operate a teaching reactor built on the 
university's Morningside campus in 
1969. The university also agreed to 
withdraw a federal lawsuit, filed jointly 
with the Department of Justice, chal- 
lenging the city’s jurisdiction over 
nuclear reactors and _ radioactive 
materials. l 

This move follows a decision by the 
Faculty of Engineering at Columbia 
University to accept a request from the 
president of the university, Dr William 
J. McGill, not to put the reactor into 
operation. 

Dr McGill had previously resisted 
moves by members of the local com- 
munity to prevent the reactor from 
operating because of health dangers 
which, some had claimed, would be 
posed in the case of an accident. How- 
ever, according to a statement made 
at a public hearing two weeks ago. 
Dr McGill said that he had changed his 
stance mainly in response to public 
reaction to the Three Mile Island 
nuclear accident. The  university’s 
faculty of engineering has agreed to 
“acquiesce” to the president’s decision. 
Individually, however, many faculty 
members disagree with the action, 
claiming that only increased familiarity 
with reactor technology will enable 
operators of the future to avoid the 
type of mistakes made at Harrisburg. 

Students at the university, on the 
other hand, who have been campaign- 
ing against the reactor for many years, 
claim that the action does not go far 
enough. They want the reactor, which 
was constructed in the 1960s but has 
never been operated due to a succession 
of legal disputes, to be dismantled, 
and effort to be transferred to solar 
energy research. 

The teaching reactor is a Triga Mark 
If reactor, and is licensed to operate up 
to 250 kilowatts, although university 
officials say that it would only run at 
an average of 1 kilowatt. The reactor 
itself cost about $500,000, and was 
financed by the National Science Foun- 
dation, with another $500,000 being 
spent on the surrounding building. 
Similar reactors are already in opera- 
tion in about 60 universities in both 
the US and overseas. 

Earlier this year, after a series of 
legal battles over who should have the 
right to licence the reactor Dr McGill 
announced that the reactor would still 
go into operation but not until all the 
legal aspects had been resolved. 

Following the Three Mile Island 
accident, however, and subsequent 
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student demonstrations on the Colum- 
bia campus, Dr McGill announced that 
he was going to ask the faculty of 
engineering to reconsider its plans to 
operate the reactor. The opposition to 
the university reactor, which he had 
previously envisaged to be a political 
problem, “was clearly revealed during 
the last week in March and the first 
week of April as a human problem of 
mounting seriousness,” Dr McGill told 
the public hearing in New York. 
“The Triga issue suddenly acquired 
the potential to tear the campus apart 
in an explosion of fear and apprehen- 





“If there's no reactor to learn from, 
there'll be nobody to build them!” 
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sion. The larger interests of safety and 
well-being affecting everyone at Colum- 
bia University required that I act im- 
mediately, and I did so.” 

Faculty members. while agreeing to 


go along with the president’s decision, 


are criticial both of its implications, 
and of the way that the decision was 


taken. “The president’s decision was a 


political one not an educational one; 
the decision not to operate the reactor 
is a foss to the country and to the 
educational community that we cannot 
afford at the present time,” Professor 
William Havens, director of the uni- 
versity’s nuclear science programmes 
said last week. 

The reactor may still be operated in 
the future. if the general opposition to 
nuclear power should change, accord- 
ing to Dr Peter J. Likens, dean of the 
university’s school of engineering. 
“We might seek to reconsider that 
decision and activate it if the social 
circumstances mitigate it.” 

Meanwhile students taking nuclear 
science and engineering courses at the 
university may be sent out to the 
medical research reactor operated by 
the Brookhaven National Laboratory 
on Long Island to gain first-hand ex- 
perience of reactor technology. 

David Dickson 


Punitive damages for Silkwood contamination 


IN a decision which could have far- 
reaching implications for the US 
nuclear industry, a jury in Oklahoma 
City last Friday awarded damages of 
$10.5 million to the three children of 
Karen Silkwood, an employee of the 
Kerr-McGee corporation who, H 
accepted, had been contaminated by 
plutonium while working in the com- 
pany’s nuclear fuel processing plant. 
Miss Silkwood, a laboratory tech- 
nician in the plant and an activist in 
the Old Chemical and Atomic Workers 
Union, was killed in a car accident in 
1974 on the way to a meeting with a 
newspaper reporter at which, she had 
said, she would produce evidence that 
Kerr-McGee had carelessly 
employees to plutonium. 
accident investigators found traces of 
plutonium in Miss Silkwood’s apart- 
ment but no “papers were found in the 
car in which she had been travelling. 
After a 10-week trial, the jury found 
the company negligent in the contam- 


ination of Miss Silkwood and her 
apartment, and rejected the charge 


that she had contaminated herself with 
plutonium stolen from the plant in 


exposed . 
After the- 


order to incriminate the company. They 
awarded Miss Silkwood’s estate 
$505,000 in actual damages, and $10 
million in punitive damages. During the 
trial, attorney’s for the estate argued 
that working conditions inside the 
plant were inherently unsafe, and that 
workers had not been told that plu- 
tonium could cause cancer. 

Company officials reported that they 
had informed the Atomic Energy 
Commission that they had been unable 
to account for about 40 Ibs of weapons- 
grade plutonium, and believed that the 
material was trapped in pipes in the 
plant: the prosecution attorneys con- 
tended that the company’s inability to 


account for the plutonium was further 


evidence of its nlegligence. The Kerr- 
McGee plant at which Miss Silkwood 
worked has since been closed down. 
Agents for Miss Silkwood’s estate 
are bringing a further lawsuit against 
the Oklahoma City Police Force, the 
FBI and Kerr-McGee concerning the 
circumstances of her death and a high 
OCAW official had called for a special 
government prosecutor to re-open the 
case, CI 
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Switzerland increases control of nuclear power 


Tue referendum on the law governing 
atomic power in Switzerland last week- 
end—at which voters approved the 
government’s revision by more than 
two to one—was hardly the centre of a 
historic debate. In comparison to the 
heated debate before the 18 February 
vote on the nuclear issue—-which by a 
narrow margin upheld the old law 
rather than one which would have 
prevented further development of 
nuclear power-——the political tempera- 
ture has reached an all-time low. All 
the major parties and organisations 
either recommended voting for the re- 
vision, or refused to take up positions. 
There has been no propaganda clash. 
The newspapers are practically void of 
announcements, and the usual stream 
of press conferences and meetings is 
absent. 

The main reason for this lack of 
interest is that the revised law repre- 
sents a compromise which satisfies no- 
one. The nuclear lobby is unenthusi- 
astic about the restrictions but reckons 
“it could have been worse”. The only 
positive aspect it discerns is the clarifi- 
cation of the waste disposal problem 
(5 April. The anti-nuclear group's 
general attitude is “better than 
nothing’, although one section voted 
no, on the grounds that if the revision 
was rejected, a new revision could only 
be even more restrictive. 

The proposals embodied in the re- 
vised law contain enough seeds of dis- 
content to ensure that the peace will 
probably be only a lull in the storm, 
@® The granting of skeleton permits for 
new nuclear power stations, and of con- 
struction permits for those already 
planned—both to be done now by 
parliament, rather than the cabinet 
alone—-will depend on: 
@the demonstration of 
demand; and 
@ safe nuclear waste management. 

That the law leaves much latitude 
in the interpretation of these points be- 
came clear at a series of hearings in 
Bern organised by the Swiss Energy 
Foundation, the main “soft energy” 
group and leader of the environmental- 
ist opposition to nuclear development. 
Officials of the various government de- 


electricity 


partments which will be required to put 
the revised law into practice were inter- 
rogated by representatives of both the 
pro and anti-nuclear groups on their 
interpretation of the demand and waste 
management paragraphs, as well as on 
the proposed procedure for nuclear 
power stations which already have site 
but not construction permits. 

The transcripts of the hearings’ indi- 
cate that the “demonstration of de- 
mand” will become a hard-fought issue 
in future. How can demand be demon- 
strated when Switzerland is literally 
“throwing away” one-third of all the 
energy it produces because of inefficient 
systems, poor insulation, lack of in- 
centives for energy saving, etc.? Es not 
the level of demand really a political 
question? What reserve capacity is 
needed to meet short-term abnormal 
demands or break-downs in function- 
ing units? To decide these questions it 
is proposed to set up an Energy Com- 
mission, but the problem is how to 
make sure that it is unbiased and un- 
influenced by the powerful lobbies. 


The “demonstration of safe nuclear 
waste management” also leaves many 
questions open. Will it be possible, even 
with the revised law, to test drill for 
underground repositories against the 
will of the local population, without 
excessive delays? What does safe mean, 
and how can safety be demonstrated in 
future waste management when so 
much of the process takes place outside 
the country-——is what is safe for them, 
safe for us? Is the question of dis- 
posal, particularly of high-level waste, 
so controversial among scientists that 
it can hardly be assessed by the present 
Waste Management Working Group, 
largely made up of civil servants? How 
can a waste disposal project be worked 
out within the next five years (when 
the first power station falling under 
the new regulations will be finished) 
when other countries ahead of Switzer- 
land in R & D envisage 10 more years 


at least? Geoff Milnes 
i drtomeesetzrevision durchleuchtet. Ein Hear- 
ing’ SES-Report No, Schweiz, Energie- 


Stiftung, 8001 Zürich, 


Gorleben nuclear waste facility scrapped 


In West Germany last week the premier 
of Lower Saxony, Herr Ernst Albrecht, 
announced that he will not grant ap- 
proval for the building of a nuclear 
waste reprocessing and disposal facility 
at Gorleben. Speaking on television he 
said the decision was not a technical 


one—he believed that the plant would 
be safe—but he had to take account 
of the weight of public opinion. How- 
ever, test drilling in salt domes at 
Gorleben (see below) will continue. 

For a detailed review of the decision, 
see page 283. 





EEC Commissioner opens European nuclear fusion centre 


Dr cGuipo Brunner, member of the 
European Commission for Energy, 
Research, Science and Education, laid 
the foundation stone for JET, the 
Joint European Torus, at the Culham 
Laboratory, UK, last week. During the 
ceremony, Dr Brunner described JET 
as a “leading project in the world” in 
the field of fusion research. 

JET’s world lead, however, has been 
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eroded by the delays to the start of 
the project caused by the two year 
negotiations in 1975-77 between EEC 
member states over where it should 
be sited. The delay has given its 
nearest rival, the Tokamak Fusion 
Test Reactor, at Princeton University, 
US, an eighteen month lead. 

The total cost of building JET is 
estimated at about 200 million Euro- 


pean Units of Account (at January 
1979 prices), The date for completion 
is set at the end of 1982 and subse- 
quent annual operating costs are 
expected to be about £20 million at 
today’s prices. The JET team, which 
will be drawn from fusion laboratories 
all over Europe, is expected to be 
about 320 strong including 120 
scientists and engineers. At present 
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130 people are employed on the pro- 
ject, half of them- under Euratom 
contract, and half of them by the 
UKAEA which runs Culham. 

` According to Dr Hans-Otto Wiister, 
Director of the JET Joint Undertaking 
and Dr Paul Rebut, leader of the JET 
design team, there are some worries 
that JET will not attract enough high 
calibre fusion physicists to make up 
‘the rest of the team. One problem is 
that during the lengthy debate over 
where to site the project, almost half 
the design team returned to their 
home laboratories. Although many of 
these have now returned to JET, it 
‘is feared that the’salaries being offered 
by Euratom are insufficient to entice 
French and German scientists to the 
Oxfordshire countryside. 

Initially, experiments on JET will 
be with a D-D plasma. If these are 
successful, then the project will move 
into the “radioactive stage” by 1983- 
84. This will involve beam-plasma D-T 
operation resulting in ‘neutron pro- 
duction which will activate the walls 
of the vessel containing the plasma. 
Dr Wiister said that this stage of the 
experimental programme would not 
commence without further agreement. 


He also. assured that the radioactivity - 


produced would be between ten and a 
hundred times less than that produced 
‘by nuclear fission. As the amount of 
radioactive material created would be 
“very: ‘small, he thought that energy 
produced from fusion could prove 
“environmentally advantageous”. 
The decision over whether or not to 
enter the ‘radioactive stage’ is bound 
to be difficult, according to Dr R. J. 
Bickerton. There is already one school! 
of thought which would like to pro- 
ceed to reactor conditions as quickly 
as possible and another that would 
rather understand the plasma physics 
thoroughly first. This difference in 


opinion is to some extent reflected in 


the discussions which have already 
started on the machine to follow JET. 
Dr Bas Pease, Director of Culham 
Laboratory, thinks that the next 
machine should aim at demonstrating 


a net production of electricity. “I 
should - 


favour the view that we 
attempt this after JET, but I can’t yet 
say that I have persuaded.a majority 
of colleagues of that view’’, he said. 
The Euratom countries have already 
set up a Next European Torus Study 
Group to discuss the next machine. 
According to Dr Brunner, however, 
Europe may not be able to afford to 
build JET’s successor alone. It is 
therefore cooperating in the INTOR 
Study Group, under the auspices of 


the . International Atomic - -Energy 
Agency, which is looking at the 
possibility of the USSR, Western 


Europe, the US and Japan building a 
worldwide machine. 
Judy Redfearn 
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THE vast majority of research carried 
out by US private corporations in 
foreign countries is concerned with 
developing products for local market 
conditions, rather than with longer 
term basic or applied research goals, 
according to a survey conducted by ue 
National Science Foundation. ©  * 
Research and development ae 


out abroad by US corporations ‘ in- 


creased by 41% between 1974 and 1977, 
to a total of $1.5 billion, the survey 


reports. This represents about 7%, of 


the total expenditure on R&D’ by pri- 
vate companies, which increased ~ by 
32% over this period. = as 


The most substantial increase ; 


overseas R&D occurred in the phar! 
‘ maceutical industry, with many ' com; 


panies conducting trials of new drugs 
abroad in order to take advantage’ of 
more liberal conditions on . foreign 
testing introduced by the Food and 
Drug Administration in 1975. Thus 
between 1974 and 1977, the amount of 
R&D conducted by pharmaceutical 
companies abroad: more than’ doubled; 
compared to an increase of only 34% 
in the funds spent at home over this 
period (although the report adds that 
foreign and domestic R&D: are now 
increasing at about the same rate). 
The ‘NSF survey says that in coimi* 
panies with world-wide research capa- 
bilities, the US laboratory usually takes 
the lead in overall technological 
development, with the foreign lapora. 
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US foreign aes, rises to $1°5 billion 


tories providing specialised develop- 
ment for particular market conditions. 
The foreign R&D facilities of these 
‘companies therefore conducted pri- 
marily development projects, even 
though basic and applied research 
accounts for almost one quarter of 
total domestic R&D spending by US 
‘companies. 

i. Interviews carried out with the man- 
agers of 18 large private corporations 
revealed only one case in which a com- 
pany reported any expenditure on basic 


“research conducted outside -the US. 


;Two other companies reported that 
their foreign research facilities carried 
out some applied research work. 

: Looking to the future, the NSF study 
says that an expected increase in over- 
‘Seas sales by US corporations is likely 


‘to cause such companies to open new 


foreign R&D facilities or to expand 
existing operations, with increased 
"salės, rather than other factors such 
‘as lower research and development 
‘costs, providing the main motivation 
for such developments. 

“. The report also notes that several 
R&D directors outside the pharmaceu- 
tical industry’ said that increasing 
‘regulation by bodies such as the Occu- 
‘pational Safety and Health Administra- 
tion and the Environmental Protection 
Agency in the US would tend to cause 
‘companies to move R&D resources to 
other countries wher operations would 
K be affècted aš much. go 


University of Houston expels professor 


TuE University of Houston in Texas. is 
refusing to renew the contract of Pro- 


fessor Archer J. P. Martin, joint win- 


ner of the Nobel prize for chemistry: i in 
1952 with R. L. M. Synge for his work 

on chromatography, on the pronnesie of 
‘inadequate productivity”. 

Professor Martin, who is 69, was ap- 
pointed to the Welch chair of ‘chemistry 
in 1974, and until last year held a joint 
appointment at the University of Sus- 
sex, where he was carrying out research 
on protein separation sponsored by the 


Medical’ Research Council. p4 


The -University of Houston requires 
that after `a faculty member: reaches 


the age of 64, his or her tenure must 


be renewed annually. Last year the 
university: told Dr Martin that the 
Department of Chemistry did not con- 
sider he had published enough, scienti- 
fic papers, and that ‘his appointment 
would not ‘bé renewed. č 
Professor ‘Martin told Nae last 
week that when he took the post, he 
had not been aware that there would 
be little money for research assistants 


or experimental facilities and conse-’ 


quently that he spent most of his time 
in Houston planning experiments to be 
carried out in Sussex. 


v He accepts that he has published 
very few scientific papers over the past 
five years from his work at Houston, 
but claims that he has no desire to 
‘rush into print unnecessarily (his total 
scientific output is about 70 scientific 
:papers). According to Professor Martin, 
„thej university did not take into account 
-papers produced from the work at Sus- 
‘sex, in considering whether his contract 
ishould be renewed. 

A faculty committee, to which Pro- 
fessor Martin protested at ‘his dismis- 
sal; came to the conclusion that the 
‘terms of his appointment had not been 
initially made. adequately clear, and 
‘recommended that he be kept on the 
staff. However, two weeks ago Profes- 
-sor Robert H. Walker, Dean of the. 
-College of Natural Sciences and Ma- 
‘thematics, informed Professor Martin 
-that the university had no power to 
‘keep him on unless the Department 
of Chemistry changed its mind. Accord- 
ing to Dr. Walker, the university does 
‘not set any specific target on the num- 
ber of papers which a research worker 
vis expected to produce each year but, 
he says that there is nevertheless ‘‘a 
certain expectation of productivity”. 
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Congress goes easy on science—so far 


A xey subcommittee of the US House 
of Representatives last week rec- 
ommended that $19 million be cut from 
the budget request for the National 
Science Foundation which had been sub- 
mitted by President Carter. Although 
this represents a reduction of almost 

% in the $1,006 million request sub- 
mitted. It is considerably less than the 
$44 million reduction which the same 


subcommittee wanted made in the 
NSF’s budget last year. 
The subcommittee’s recommen- 


dations, which have to be accepted by 
the full committee of Appropriations 
before being debated on the floor of 
the House, would delete $10 million 
from the agency’s basic research pro- 
grammes out of a requested total of 
$793.3 million, $3 million out of the 
$62.4 million requested for the applied 
science and research applications pro- 
grammes, and $3 million out of pro- 
gramme management. 


The subcommittee made no mention 
of the ceiling which Congress placed 
on salaries of NSF grant-holders last 
year, leading some to speculate that the 
ceiling might be lifted during con- 
ference with the Senate. However, 
neither did it add any extra money for 
research on earthquake hazards, for 
which the House last month authorised 
spending to be increased from $18.3 
million to $22.8 million. 

NSF officials were relieved that the 
cuts were not greater (a move to make 
an additional $12 million cut is said to 
have been headed off in the subcom- 
mittee meeting). However, the real 
tests will come in the middle of next 
month when the NSF request is de- 
bated both on the floor of the House 
—-where the Appropriations Bill has 
already been cut back by $14 milion- 
and in the Senate Appropriations Sub- 
committee chaired by Senator William 


woe, 


Proxmire. a 


Senate committee kills fast breeder 


confrontation over 
the future of the liquid metal fast 
breeder reactor project at Clinch 
River in Tennessee seems certain after 
the Senate Energy and Natural 
Resources Committee last week 
accepted a proposal from Senator Dale 
Bumpers of Arkansas to kill- -the $2.6 
billion project. The House Science and 


A New political 


Technology Committee has already 
voted to continue, 
President Carter has consistently 


been opposed to the plan, initially on 
the grounds that the use of plutonium 
in fast breeders increases the chances 


of nuclear proliferation. More 
recently, the President has claimed 
that the Clinch River design was 


obsolete after new advances in tech- 
nology, and that with a slowing down 
in growth of energy demand, the need 
for fast breeders is not so urgent. 


Technical aid restored 


THE US Senate voted last week to 
repeal a decision, taken in the heat of 
the closing hours of the 95th Congress 
last autumn, which effectively cut off 
all US contributions to bodies in the 
United Nations system. 

The earlier decision took the form 
of an amendment, proposed by Senator 
Jesse Helms of North Carolina, which 
specified that none of the funds which 
the US contributes to bodies such as 
the World Health Organisation and the 
Food and Agricultural Organisation 
could be used for the purpose of “tech- 
nical assistance”. 

The UN bodies subsequently told the 
US State Department that it could not 
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The General Accounting Office, 
however, which carries out studies of 
particular issues for the Congress, 
disagrees with the President, In a 
report published earlier this month, 
the GAO stated that the Clinch River 
project would be a “logical and 
prudent step”. 

in pledging its support for the pro- 
ject, the House Committee added 
$184 million to the authorisation 
request for the Department of Energy 
so. that the project could proceed. 
Senator Bumpers’ proposal, which has 
been accepted by the Senate Energy 
Committee, is to terminate the breeder 
project by | October, but to authorise 
a design study for a larger breeder 
test plant. “Clinch River is dead and 
the sooner we admit it, the more the 
American people will applaud us for 
doing it,” Senator Bumpers said. im 


to UN bodies 


accept contributions under those con- 
ditions. Last week, however, in pass- 
ing the Foreign Relations Authoris- 
ations Act for 1980, the Senate in effect 
repealed the Helms Amendment, fol- 
lowing a similar move in the House of 
Representatives. 

= The Senate also defeated, by 54 votes 
to. 35, a further amendment from 
Senator Helms which would have re- 
vived the issue by refusing to include 
money for technical assistance in the 
mandatory contributions which the US 
pays to the UN bodies. Senator Helms 
said it was a matter of whether the 
Senate wished to impose an ‘Inter- 
national Tax” on Americans, = 


federal 
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Reports 





Funds denied for 
nuclear waste 


Armed Services 
mittee has voted to cut off all funds 
for an experimental project to store 


THe House Com- 


nuclear waste in salt caverns near 
Carlsbad, New Mexico. 

The project, known as a waste 
isolation pilot plant (WIPP) has been 
under development by the Department 
of Energy for some time. The site was 
chosen in 1976, and if permission to 
build the plant is granted, the site 
could be ready to receive both trans- 
uranic wastes from the defence pro- 
gramme and commercial waste from 
nuclear reactors within a few years. 

The scheme has generated intense 
controversy in New Mexico. Sup- 
porters say the WIPP facility would 
bring new jobs and extra income to 
the area. Opponents claim it would 
restrict access to other valuable re- 
sources, such as potash, and also point 
to doubts over the suitability of salt as 
a disposal medium. 

The House Armed Services Com- 
mittee voted against further funding 
for the WIPP facility not on environ- 
mental or scientific grounds, but 
because it felt that a plant initially 
intended for defence wastes should 
not also be used for the disposal of 
commercial wastes. Meanwhile, the 
Senate Armed Services Committee has 
agreed to let funding for the project 
stand in the Department of Energy's 
budget request, but on the under- 
standing that no commercial spent 
fuel should be stored at the WIPP site. 

The outcome will depend on what 
happens in floor debates and during 
the conference between the House and 
the Senate. Another factor will be the 
Presidents announcement soon on 
waste disposal, following a 
report on nuclear waste management 
prepared last year by an interagency 
review group. 

Meanwhile, the Senate and the New 
York State Assembly announced last 
week a curb on the amount of nuclear 
waste that can be stored in the state’s 
West Valley facility, which has been 
closed since 1972. = 
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Pesticide resistance on the 
increase, says UNEP 


RESISTANCE to pesticides has been 
spreading so rapidly among pests that 
no manufacturer cared to offer a new 
pesticide to the World Health 
Organisation for safety testing in 1978. 
It now takes millions of dollars to test 
the safety of new chemicals and often 
within months pests start developing 
resistance to it. WHO recently re- 
ported that it is now cutting down its 
field staff involved in safety testing of 
pesticides. 

Reflecting these events, this year’s 
State of the Environment Report to 
be released by the United Nations 
Environment Programme on the 
occasion of the World Environment 
Day (5 June) will focus upon the 
increasing dangers posed by pesticide 
resistance. The report makes quite 
frightening reading. 

It points out that in 1965, the Food 
and Agricultural Organisation listed 
182 resistant strains of arthropod 
pests; in 1968, it listed 228 resistant 
species; and now its latest survey of 
1977 lists 364 species. 

There are now 223 agricultural pests 
resistant to nine of the major groups 
of pesticides. Many of these, says the 
UNEP report, “are major pests of 
major crops, such as cotton bollworm, 
the boll weevil, and the leafworm of 
cotton, the rice stem borer and the 
brown plant hopper, the Colorado 
beetle of potatoes, spider mites of 
fruit and glasshouse crops, and cut- 
worms and weevils of cereals”. 

Up to 1970, very few resistant plant 
pathogens had been observed. But 
with the introduction of new systemic 
fungicides, the resistance problem has 
crept in, and now more than 35 species 
of plant pathogens have been reported 
as resistant. 

Rodents, which destroy crops, are 
also becoming resistant to rodenti- 
cides. Latest FAO figures show that 
seven species of rodents, including two 
important and widespread species, 
Rattus rattus, and Rattus norvegicus, 
have developed resistant strains. 

If there is any ray of hope it seems 
to be with weeds, which have not yet 
shown any sign of developing genetical 
resistance similar to that occurring 
amongst insects—-even though herbi- 
cides now account for some 50% of 
all pesticides applied. For long-lived 
perennial and vegetatively reproducing 
weeds, says the report, “the potential 
for development of genetical resist- 
ance seems low bearing in mind that 
experience with insects and other 
classes has demonstrated that in the 
field many generations must pass 
before such resistance reaches notice- 
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able levels”. 

The most worrying situation is in 
the field of public health. WHO figures 
cited in the UNEP report show that 
there are now 121 resistant strains of 
insects important to public health 
campaigns compared to 102 in 1968. 
In 1969, 15 species of anopheline 
mosquitoes were resistant to DDT and 
some 37 to dieldrin. In 1976, some 43 
species were known to be resistant to 
dieldrin, 24 to DDT, five to organo- 
phosphates like malathion, and two to 
carbamates. 

Resistance to insecticides is now 
found amongst anopheline mosquitoes 
in 62 countries out of 107 where there 
is malaria. In several parts of the 
world there has been a massive re- 
surgence of the disease, with some 
countries showing a 30-40 fold 
increase in the number of malaria 
cases since 1968-70. 

Switching over from DDT to other 
insecticides like malathion has not 
proved easy. Most of the substitutes 
of DDT are both much more toxic 
and much more costly. India’s 
malaria control programme alone 
consumes nearly 60%, of the Indian 
government’s health budget. 

Amongst culicine mosquitoes, 
vectors of such diseases as yellow 
fever, filariasis and dengue, resistance 
has increased from 19 species in 1968 
to 41 species in 1975, Other important 
vectors such as houseflies, black flies 
and fleas are also becoming resistant. 
The house fly, says the UNEP report, 
seems to be the insect “with the 
greatest ability to develop resistance to 


insecticides over the widest geo- 
graphical area”. A total of 121 
resistant strains of housefly were 


reported in 1975. 

Research on pest control agents 
with novel modes of action like 
chemosteriliants, hormones and 
growth inhibitors, and biological 
agents like bacteria, viruses and fungi, 
has been hailed in the belief that pests 
would be less likely to develop resist- 
ance to them. The UNEP report how- 
ever points out that this hope is 
ill-founded. 

Resistance has already appeared to 
hormone-based pesticides where little 
resistance had been expected. “New 
compounds such as growth regulators 
and microbial pesticides have not been 
in use long enough or on a wide 
enough scale to show perceptible 
resistance, but here again as with 
chemosterilants, it has been possible 
in the laboratory to develop resistance 
by artificial selection.” 

The flour beetle, Tribolium, has not 
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only ein alten multiple resistance to 
conventional pesticides but also 
acquired significant cross-resistance to 
the growth inhibitor, methoprene. It 
has also been shown that houseflies 
can become resistant both to the 
spores Of Bacillus thuringiensis and to 
its toxin. B. thuringiensis is expected 
to become an important biological 
control agent. 

What then is the solution to pest 
control? UNEP points out that the 
classical alternative approach of 
changing the pesticide when faced 
with the problem of resistance is a 
practical solution only in the short 
term. Alternative pesticides need to 
be developed but in the long term, 
the situation is such that it requires 
the development of alternative 
strategies, 

Instead of total reliance on just one 
type of control agent like chemical 
pesticides, UNEP favours the concept 
of ‘integrated pest control.’ This would 
include elements of chemical pest 
control, environmental control of 
breeding habitats, genetic control 
techniques, biological control, behav- 
ioural control using sex pheromones 
and related compounds, and breeding 
of resistance in crops and animals. 

Integrated pest control strategies 
will have to be specific to a pest in a 
specific environment. This will require 
considerable research, An FAO/ 
UNEP panel of experts on integrated 
pest control has over the last few years 
developed a Global Programme for 
Integrated Pest Control in relation to 
various priority crops like cotton, rice, 
sorghum, maize, millet, roots and 
tubers and grain legumes, and is now 
extending this to vegetable crops. 

Studies conducted in South America 
using integrated pest control tech- 
niques on cotton—-the highest con- 
sumer of insecticides in agriculture— 
shows that the quantity of chemicals 
needed can be reduced by a third, 
thus cutting down costs and health 
risks and increasing productivity. But 
while this system of integrated pest 
management has been considerably 
developed, both in theory and in 
practice, as regards agricultural pest 
control, the UNEP report claims that 
extensive research programmes are 
still needed to apply it to public health 
vector control. 

The switch from chemicals to the 
new packages of integrated practices 
is therefore likely to take a consider- 
able time. Anil Agarwal 
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Ecology groups 
combat Chinese 
irrigation plan 


CHINESE plans to divert water from the 
Yangtze to irrigate northern China 
have run into cautiously expressed but 
clear opposition from Chinese environ- 
mentalists. A recent meeting of the 
Chinese Society for Water Con- 
servancy, Officially described as an 
“academic discussion” on the plan, con- 
cluded that in the past, “our improper 
water control plans violated objective 
laws”. Any plans to divert the 
Yangtze, they stressed, must be con- 
sidered not from a purely engineering 
point of view, but should also take into 
account possible ecological changes 
produced by the scheme. 

As far as the engineers are con- 
cerned, plans still remain flexible. A 
national forum held in Tianjin at the 
beginning of April discussed three 
possible routes: the “Western route” 
from the mountainous upper reaches 
of the Yangtze via “snaking tunnels” 
to north-west China; the ‘‘middle 
route’, via a projected canal which 
would cross the Hwang-Ho near 
Zhengzhou; and the “eastern route” 
which would roughly follow that of the 
Grand Canal built by the Emperor 
Yang Di in about 600 ap. 

All three routes, the forum decided, 
were practicable, although each plan 


still required some improvement. 
Construction of the western route, it 
was concluded, lay beyond China’s 


capability at the moment. The eastern 
route, first announced in August 1978, 
although feasible, attracted con- 
siderably less support than the middle 
route, which appeared to be the choice 
of the Yangtze Basin Planning Com- 
mission. A spokesman for the com- 
mission told the forum that this route 
would involve the construction of a 
1.000 km canal from the Banjiangkou 
reservoir on the Han river (a major 
tributary of the Yangtze), as far as 
Peking, via the foothills of the Funiu 
range and the Nanyang basin in 
southern Henan, approaching Peking 
on a route parallel to the Peking- 
Canton railway. When completed, he 
said, the scheme would irrigate 
4,666,000 ha of farmland. bringing an. 
average of 10,000 million m’ water 
annually to the Hai river basin, thus 
equalling the annual flow of the entire 
Hai system. 

However, it might seem strange to 
divert water from the Yangtze across 
the Hwang-Ho. Why not simply irrigate 
north-west China with water diverted 
from the Hwang-Ho? The reason is 
that the mean flow rate of the Yangtze 


0028~0836/79/0279-—-028 1 $01.00 


spose as 
Raoin ra 5 Í p ta 
a PEKING O A 
7% : 
5 a Oy 
RETH, SOM eg 
d a ae 
i T oe 3 ti? 
o peer i 
ri 
G 
wy %, 
OCA 
E va (8 
a * we Vy 
‘Zhengzhou ny 
i s ` 
Nanyang* Bee) He, 
i ia a. 
SHANGHAI > 
į "i gz ae a 
j of E fo te yor? ie ea eet es 
bmeg of Tes Tiris a 
A PDanjiangkou i 
tit iresgevoif : 
y 
o re 
ren p 
£$ ss 
é 
S P 
a np 
~ 
i 
% Ty 
Q 3 Z 
aCANTON <= 
$ Bag xi’ a 
“a na prte” 
se die SOUTH CHINA SEA 


is 34,000 m’ sec’, considerably greater 
than the 1,500 m‘sec' flow rate 
achieved on average by the Hwang-Ho. 

The spokesman admitted, however, 
that there was one major disadvantage 
to this plan. The annual output of the 
Danjiangkou hydroelectric station 
would have to be reduced by anything 
from 700 million to 1,700 million kWh 
annually. This, however, he claimed, 
could be compensated by the Gezhou 
power station now under construction 
further westward, 

At least one water conservancy 
speciahst, a delegate from Qinghua 
University, showed some support for 
the plan. He noted that large areas of 
rock fissures and sandy structures 
beneath Peking city could be used as an 
emergency water store, while some 
15,000 sq km of “abandoned river 
beds’ north of the Hwang-Ho could 
be used to store 39,000 m*. In general, 
however, the conservationists are 
somewhat cautious. The “academic 
discussion’ of the Conservancy Society 
pointed out a number of factors which 
demand further consideration. Would 
the diversion, they asked, cause 
secondary salinisation and alkalinisation 
of the soil? Further, what would 
happen in drought years? In 1978, 
droughts in the middle and = lower 
Yangtze basin and the consumption of 
large quantities of water for irrigation 
led to a back-flow of sea water into 
the Yangtze estuary, so that, for a 
time, the population of Shanghai was 
obliged to drink brackish water, while 
at Chongming island, which supplies 
agricultural and market-garden produce 
to Shanghai, cultivation was seriously 
affected. Any proposed diversion of the 
Yangtze. they stress, “must conform to 
the law of nature and the economic 
law”. Vera Rich 


281 


Hungarian scientists 
want better links 
with government 


Huncary’s Academy of Sciences has 
adopted a new constitution which 
calls for greater accountability from 
government departments and industry. 

Although in July 1969 the Central 
Committee of the Hungarian Com- 
munist Party affirmed, in a startling 
change of direction, the need for com- 
plete freedom in scientific research 
and an atmosphere of free and un- 
inhibited discussion among scientists, 
economic demands, both national and 
within the Comecon framework, have 
led to a policy of closer integration 
between research and production. This 
the Hungarian scientists seemed per- 
fectly prepared to accept. Last year’s 
General Assembly of the Academy 
stressed the need for greater selectivity 
in research subjects, taking into ac- 
count the current “social needs”. 

Nevertheless, this linkage does not 
seem to be operating as smoothly as 
hoped. There are considerable delays 
(running into years and sometimes 
decades) in the introduction of 
Hungarian patents and inventions in 
practice. This is not only due to 
bureaucratic delays; last summer, the 
president of the National Patent 
Office, Emil Tasnadi, told the prestigi- 
ous political and literary journal Elet 
es Prodalom that the fault lay largely 
with the scientists. There are some 
35,000 scientists in Hungary, he said, 
but their sole aim is to achieve acade- 
mic degrees: the titles of Candidate 
(PhD) and Doctor bring with them, 
respectively, a life-long stipend of 500 
and 1,000 forints per month. Since 
these degrees are earned through 
the publishing of articles and books, he 
said, and not by inventions, only six 
researchers in every thousand actually 
have a patent to their credit. 

While not actually answering 
Tasnadi directly, Dr Janos Szentago- 
thai, the president of the Academy, 
took the opportunity of this year’s 
General Assembly tọ state the 
scientists’ case. Links between research 
and production have come closer in 
recent years, he noted approvingly; 
nevertheless, the situation is by no 
means satisfactory. The various depart- 
ments of the Academy duly make the 
proper recommendations to the pro- 
duction sector-—but receive little or no 
feedback. Frequently, he said, the 
scientists do not know if the recom- 
mendations have even been discussed. 

The new constitution of the Acad- 
emy, adopted by the General Assembly 
on II May, and made retroactive to 
last April, demands that this situation 
should be rectified. i] 
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Harvard makes mathematics mandatory: In a far reaching 
revision of its undergraduate curriculum Harvard 
University will demand mathematics proficiency from its 
entire student body. All Harvard entrants will be required 
to show proficiency within their first year in three areas: 
applications of the function concept to the real world; 
probability and statistics: and in the use of time-shared 
computers. The mathematics requirement will have further 
effects in raising the level of instruction of the new science 
requirements for non-science students, All students will be 
required to take a one semester course in a physical science 
(“predictive and deductive analysis and quantitative treat- 
ment of data”) and a one semester course in a biological 
science (“descriptive treatment of complex historical or 
evolutionary systems”). Harvard's move, because of its 
great prestige in the US, is expected to have widespread 
implications for the whole of US higher education. 


Spanish dockers block uranium import: The Spanish 
dockers union has boycotted the vessel Covadonga carrying 
nuclear fuel from the US for a power station under con- 
struction at Leimoniz in the Basque country. The boycott 
applies to every port in Spain and the vessel was diverted 
to Bordeaux. The Spanish unions appealed to unions 
throughout Europe for solidarity and French dockyard 
workers refused to handle the cargo. The ship is now 
reportedly bound for Cadiz in Spain. The Leimoniz power 
station is strongly opposed within Spain; it has been the 
subject of armed attacks by Basque separatists who have 
the support of the Left opposition and the trade union 
movement. 


New study challenges efficacy of nuclear energy: A new 
study claims that nuclear power is “technically incapable 
of providing a timely and significant substitute for oil.” A 
50%, replacement of oil by nuclear power by the year 2000 
would require ordering one large power station every 
3.5 days. The study, by Amory Lovins of Friends of the 
Earth, argues in addition that the energy supply problem 
is “90, one of heat and portable liquid fuels. Lovins 
says that if every oil powered station in the OECD in 
1975 had been replaced overnight by nuclear stations the 
fraction of OECD oil which is imported would have only 
been reduced from 65", to 60". And at the same time 
there would be a greatly increased dependency on imported 
capital and uranium. The maximum role for nuclear 
power is in providing electricity which is only 10°, of all 
primary energy. Lovins also reviews 19 studies from eight 
countries and estimates that conservation measures can 
hold steady or reduce energy needs while maintaining 
economic growth. Two British studies indicate that growth 
can triple while total energy demands could be reduced by 
one half. 

“Is Nuclear Power Necessary?” by Amory Lovins. Friends 
of the Earth, 9 Poland Street, London WIV 3DG. 


Pillinger to appeal case: David Pillinger, a biochemist 
made redundant at the Christie Hospital in Manchester 
(25 January) will take his case to an appeals tribunal. An 
industrial tribunal ruled against Pillinger last month finding 
that he had not been unfairly dismissed from his permanent 
post as Senior Grade Scientist at the Christie because of 
a lack of funding from the Medical Research Council. The 
appeal must be based on a point of law with no further 
consideration of the facts of the case. The question to be 
raised will “involve the whole three cornered relationship 
between employer, employee and granting agencies” says 
Pillinger. In Pillinger’s case, a third party has been per- 
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mitted to exercise the right to hire and fire without giving 
reasons for its action. According to Pillinger’s solicitor the 
case is “fundamental to the whole concept of unfair 
dismissal”. 
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UK6 due for launch this week: The UK’s sixth scientific 
satellite (above) is due for launch this week aboard a NASA 
Scout rocket. It is the last of the UK/Ariel series and 
carries three high energy astrophysics experiments: a 
cosmic ray detector for studying ultra-heavy cosmic rays; 
an x-ray telescope system for studying X-ray sources in 
the range 0.1-2.0keV; and experiments for observing 
variable x-ray sources with high time resolution in the 
range 1.2-50 keV. UK6 will be the last purely British 
scientific satellite for some time at least although the UK 
is still negotiating with NASA over the development of a 
multi-mission refurbishable satellite. 


EEC takes steps to meet energy crisis: After a delay caused 
by UK objections to EEC coal buying policy, the Council 
of Energy Ministers has approved European Community 
Commission research proposals covering energy saving, 
geothermal energy, solar energy and coal gasification, The 
Council has allotted 55 MEUA (£36m) over four years for 
energy saving projects and 95 MEUA (£63.3m) for research 
into alternate energy sources. In the UK, the EEC has 
provided 21 MEUA (£14m) for nine demonstration pro- 
jects in energy saving. The applications selected under the 
scheme include three heat recovery projects (in steel 
making, plaster board manufacture, and in a swimming 
pool recreation complex) five heat saving manufacturing 
devices and a monitoring system of energy consumption, 
In the meantime, the Union of European Community 
Industries (UNECI) has issued a report calling for a 
massive expenditure of 373 billion UA for investment in 
energy production and an additional 350 BUA for energy 
prospecting and for research and development. The UNECI 
report estimates that 650 new coal mines, six natural gas 
fields, and oil production equivalent to seven Niagras ard 
600 nuclear power stations will be needed to meet a 
projected doubling of energy requirements by 2000 av. 


Skylab falls soon: The US National Aeronautics and Space 
Administration announced last week that it was expecting 
the 85-ton Skylab space station to fall to Earth between 
26 June and 9 July, with 2 July as the most probable date. 
According to the agency, most of the space station, which 
was launched in 1973 for carrying out research into 
activities in space, will burn up as it enters the atmosphere. 
However between 400 and 500 pieces are now expected to 
reach the surface of the Earth, scattered along a path 
4.000 miles long and 100 miles wide. 
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Gorleben: winning the battle, losing the war? 


Helmut Hirsch, coordinator of 
scientific opposition to West 
Germany’s nuclearreprocessing 
plans, gives his view of the 
decision last week not to 
proceed—for the time being 


Tuose of us closely involved in the 
debate over whether or not to build a 
nuclear waste disposal centre at 
Gorleben have, it now seems, been 
barking up the wrong tree. The Federal 
Government stated two years ago that 
one of the conditions for further 
nuclear expansion in West Germany was 
what it called the “technical safety 
and feasibility” of nuclear processing 
and reprocessing. It was on this basis 
that the Reactor Safety Commission 
and the Commission for Radiological 
Protection expressed their opinion that 
the Gorleben centre was feasible. It 
was also on this basis that 20 inter- 
national scientists, working in the 
Gorleben International Review, pro- 
duced a 2,200 page report arguing that 
it was not. The matter was discussed 
at the controversial hearings in Han- 
over which ended on 3 April. 

Now, it seems. we were all wrong. 
Because on 16 May Minister-President 
Albrecht of Lower Saxony revealed to 
the astonished German public that he 
was not worried about Gorleben’s 
“technical safety and feasibility’. His 
chief concern, he said, was its political 
feasibility. He turned the project down 


because of political, not technical, 
opposition, 

Albrecht was well aware of the 
massive opposition to the centre; 


during the hearings, more than 100,000 
people demonstrated in Hanover.. He 
made quite clear in his speech on 
16 May that he considered the roots 
of this opposition were wholly irra- 
tional but he decided he would not 
ram nuclear power down the throats 
of the ill-informed populace. Or at 
least he would not do so as long as 
he was the only one responsible. 
Albrecht (who belongs to the CDU) 
is clearly very irritated about the posi- 
tion adopted by Lower Saxony’s Social 
Democrats. Their leader, Ravens, 
came out with the conclusion that the 
Gorleben centre was technically not 
feasible. Ravens even met Chancellor 
Schmidt, an outspoken supporter of 
the Gorleben plan, but Schmidt did 
not pull Ravens into line. Thus, 
Albrecht, when announcing his deci- 
sion, made it clear that he would not 


take it upon himself to push ahead 
with reprocessing plans which orig- 
inated in the Federal Government's 


(and hence the SPD’s) energy strategy 
but which were opposed by the SPD 
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in Lower Saxony, who could then 
profit from their opposition by gaining 
anti-nuclear voters. 

Albrecht also announced the next 
step: intermediate storage of spent fuel 
elements, probably for up to 40 years, 
while research into final disposal is to 
be intensified, covering both post- 
reprocessing wastes and unreprocessed 
spent fuel elements. However, it is the 
Gorleben saltdome—and only the 
Gorleben saltdome—that is to be ex- 
plored for its suitability for final dis- 
posal. If the results are positive, dis- 
posal of radioactive wastes will take 
place there; if not, other sites will 
then be considered, Clearly the people 
of Gorleben will have to postpone their 
victory celebrations. 

Local people fear—perhaps with 
good reason—that this means Gorleben 
is still the first and only choice for 
solving West Germany's nuclear waste 
problems, particularly if pressure 
mounts for an official decision on a 


suitable site so that the country’s nu- 
clear capacity can expand as fast as 
They are less than confident 
exploratory 


possible 


that the drillings at 


Minister- 
President 
Ernst 
Albrecht: 
turned down 
Gorleben 
plan for 
political 
reasons 


Gorleben will be analysed in an un- 
biased manner, and fear that the 
saltdome will be proved suitable 
simply because the nuclear lobby needs 
it badly. 


This concern is shared by Dr 
Friedrich Mauthe, geologist at Han- 
over University and one of the 


participants of the hearings. He says. 
“So far, nobody has even bothered to 
define clear criteria stating which 
drilling results are necessary for a 
positive judgement. I wouldn't feel too 
happy if the criteria are tailored after 
the drillings have been completed”. 
The procedure envisaged by 
Albrecht goes right against the con- 
clusions of the Gorleben International 
Review, whose report emphasised that 
a broad investigation at several sites 
would be necessary before any site was 
singled out. The review expressed 
doubts about the Gorleben saltdome 
as well as the suitability of salt as a 
medium in general. The GIR proposed 


detailed and timely investigations of 
other geologic formations. But at the 
hearings, Albrecht flatly refused to 
discuss the Gorleben saltdome. 


Albrecht has avoided the question 
of where to site the intermediate 
storage facilities. This is another worry 
for the people of the Landkreis 
Liichow-Dannenberg, to which Gorle- 
ben belongs. They might yet have to 
put up with storage ponds. The siting 
of these at Gorleben would further 
suggest that the nuclear industry still 
wants to proceed with the original 
proposal, with some modifications, and 
use step-by-step tactics to avoid major 
conflicts. Considering the determina- 
tion with which the Federal Govern- 
ment has pushed reprocessing up to 
now, these suspicions may not be com- 
pletely unfounded. 

Given the uncertainty and political 
manoeuvring, who can blame the 
people of Litichow-Dannenberg if they 
take things into their own hands? 
On 10 May, 600 local inhabitants 
walked into a closed meeting of local 
politicians discussing the Gorleben 
issue at Hitzacker, frustrated with the 
attitude of their representatives, many 
of whom still have not made up their 
minds. One farmer shouted: “We do 
not want the plant, and we do not like 
it better if it comes step by step! ” 

Activists collected more than 20,000 
signatures in just over two weeks—in 
a district with 48.000 inhabitants, 
including children—and are still work- 
ing to complete their list. The official 
farmers’ union has come out with a 
clear no“ against nuclear facilities. 
The resistance is strengthened by the 
fact that test drilling has been going 
on at the site more or less continuously 
for the past two months. The latest 
news was that drillings had revealed a 
layer of peat 50-70 m below the sur- 
face. This is not unusual over a salt 
dome, but it indicates that the ground 
is not suitable for large concrete build- 
ings. 

The people of Liichow-Dannenberg 
were not surprised by Albrecht’s deci- 
sion, Marianne Fritzen, one of the 
leaders of the local opposition says: 
“Albrecht is very cautious, but it is 
clear to me that he is still in favour of 
the reprocessing plant.” However, 
many opponents of the project feel 
that at least a battle has been won. 
Time has been gained which can be 
used for a national debate on the issue 


which really ought to have been 
paramount: the desirability of re- 
processing, and of further use of 


nuclear energy in general, which has 
been tacitly assumed by German 
politicians right from the start. 
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"I decided to learn from them”: Dr Oku Ampofo (right), director of the Centre for Scientific Research into Plant Medicine. 


and one of his herbalists 


When the scientist meets the medicine men 


Joseph Hanlon reports from Africa on the increasing 
respectability of ‘primitive’ herbal healing 


RESEARCH into medicinal plants is now 
a high priority in Ghana, and it typi- 
fies the issues in science there because 
it is essentially local and yet, at the 
same time, tied to the developed world. 

Herbal medicine researchers use 
sophisticated analytical chemistry tech- 
niques, collaborate with laboratories 
all over the world and publish in pres- 
tige western journals. Yet they rely on 
the knowledge of traditional healers to 
solve problems of tropical medicine 
which have been ignored by a medical 
science dominated by the developed 
countries. Herbal medicine conjures up 
images of witch doctors and ‘primi- 
tive’ cures. In fact, western drugs came 
almost entirely from plant and fungus 
extracts until the 1930s. And many 
drugs, particularly contraceptive pills, 
still do. 

Plant medicine is still the norm in 
most of the world, and is not being 
swept aside by synthetic drugs. One 
reason is that medicinal plants work. 
Analysis shows they contain many 
compounds already familiar to pharma- 
ceutical chemists and do have the 
antibiotic and other properties claimed 
for them. Indeed, some work for ail- 
ments which cannot be effectively 
treated by modern “scientific” drugs. 
Herpes zoster (shingles) is an example. 

This point has not been lost on mul- 
tinational pharmaceutical companies. 
Faced with spiralling research costs, 
they are paying more attention to tradi- 
tional medicines and Third World re- 
search. Which leads to the sharpest 
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contradiction for Ghanaian scientists. 
They are dependent on high technology 
only available in European and US 
labs, and collaboration with those labs 
is crucial. Yet that means the drug 
companies are likely to get their hands 
on the results first. Some scientists fear 
that new drugs discovered in Ghana 
and other developing countries will be 
patented by the multinationals and then 
sold back to developing countries at 
high prices. The Organisation of Afri- 
can Unity (OAU) has gone so far as 
to urge secrecy in herbal medicine re- 
search to prevent just this. 


Publicity about Chinese traditional 
medicine systems—both acupuncture 
and herbal—gave traditional healing 


international respectability, and plant 
medicine is now being promoted by the 
World Health Organisation. Before 
WHO gave its blessing, however, Gha- 
naian scientists had already turned to 
this field. 

The Faculty of Pharmacy at the 
University of Science and Technology 
(UST) in Kumasi has for several years 
worked primarily on plant medicines 
A number of scientists at the Univer- 
sity of Ghana and Korle Bu Hospital 
are also working in this field. Ghana’s 
Centre for Scientific Research into 
Plant Medicine, founded four years 
ago, is one of four centres with official 
OAU backing. 

The centre’s founder and director is 
Dr Oku Ampofo. He qualified at Edin- 
burgh in 1939 and returned to his home 
town, Mampong-Akwapim (now the 


site of the centre). “The war was on, 
and there were no medicines to be had. 
There were some old people in the dis- 
trict who were treating patients very 
effectively with herbal medicines. I saw 
that some of these things worked. Take 
the case of a woman bleeding after 
childbirth, In those days, we were far 
from any hospital to deal with such an 
emergency. But they had wonderful 
herbs for post-partum haemorrhage. So 
I decided to learn from them.” Over 
the years, he studied with a variety of 
herbalists and compiled a list of more 
than 300 remedies. 

The Ghana government is spending 
more than £1 million building the new 
centre, which will have a staff of 20 
scientists. Although the building is 
several years from completion, two 
scientists have already been hired and 
sent abroad for further training. 

The centre will also contain a clinic 
both to treat local people and as a 
research base. The clinic is already 
operating in temporary buildings. Three 
doctors and three herbalists work to- 
gether, treating patients and keeping 
careful records. One pilot study has 
already found several herbs that are as 
effective as the anti-diabetic drug chlo- 
ropropamide. The centre has its own 
arboretum to grow useful local plants 
and it has just been granted a part of 
a forest reserve in the Accra Plain 
where it can grow savannah plants 
from northern Ghana. 

The first research step is always to 
identify as many active compounds as 
possible. If one is found with a struc- 
ture akin to a known pharmacologic- 
ally active substance, then it explains 
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how the medicine works, and also serves 
as proof to doubting Western trained 
doctors who continue to resist plant 
medicine. Indeed, some of the chemists 
I spoke to considered their most 
important role to be convincing doctors 
that science has an explanation for 
these herbs. Pharmaceutical chemists 
are happiest working with compounds 
close to those they know and under- 
stand. 

One of Dr Ampofo’s plants now 
being tested at UST is Cryptolepis 
sanguinolenta, which is sold in the local 
markets, soaked in water and drunk 
as an anti-malaria drug. It contains 
a compound very similar to quinoline. 

The same plant is also used by her- 
balists to reduce fever and to cure 
urinary infections. Microbial tests show 
that it is a broad spectrum antibiotic, 
though none of the compounds isolated 
so far is a known antibiotic. This is an 
increasingly common occurrence and 
has led scientists to catalogue the plants 
in their traditional form, so they can 
be sold in shops and used by doctors 
and herbalists who are not familiar 
with them. Many of the plants are 
quite common. Using them directly, 
instead of waiting for compounds to be 
analysed, synthesised, and converted 
to tablet form, makes them widely 
available much more quickly. The 
Pharmaceutical Society of Ghana now 
has a policy that where the scientific 
basis of a remedy can be shown, and 
where toxicity tests have been con- 
ducted, pharmacists should prepare 
dosages of the crude plant, rather than 
attempting extracts. Skin ointments, 
worm expellers and purgatives are now 
on the market. 


Testing for safety 
and side effects 


But this, too, has its problems. Plants 
vary widely according to soil and the 
time of year (and sometimes even the 
time of day) when they are picked. 
Some plants can be highly toxic at 
certain times of the year and not at 
others. The herbalists know their local 
plants well, but this doesn’t help those 
without specialist knowledge. Storage 
also remains a problem. And the 
method of preparation is often not pre- 
cise: “Put a little bit into water”—but 
how much? Dr Ampofo, through his 
clinical tests, and the UST scientists, 
by attempting to find the active com- 
pounds, are trying to standardise doses. 

Traditional medicines, too, have their 
side effects and some safety testing 
seems called for. Dr Ampofo notes 
that “experienced herbalists will warn 
you that the plant may have a side 
effect and if it does, to take another 
preparation to counter it”, Also, “most 
tropical plants contain poisonous alka- 
loids. In some cases, if one plant is 


used for a treatment, then another 
must be taken as well to eliminate the 
toxic effect. Elaeophorbia drupifera is 
useful for guinea worm. The herbalist 
taps the juice and mixes it with palm 
nut oil, which renders it non-toxic. 
Otherwise it is polsonous—you purge 
yourself to death. T know of one her- 
balist who has an excellent plant for 
rheumatism, coroinanthe pacchyceras. 
But it only works in an alcoholic 
medium—pound it and put dessert- 
spoonfuls of powder in 20 ounces of 
gin. Then take one teaspoonful after 
each meal. If you boil it up instead, it 
will put you to sleep for two days.” 

Traditional healers have been ridi- 
culed in the West-—-and by western- 
trained Ghanaians—because of the con- 
tinued failure to find “scientific” 
justification for their claims. The Gha- 
naians argue that western scientists are 
so confident of their own methods that 
they are unwilling to listen to anyone 
from a developing country, despite the 
hundreds of years of careful study of 
plant medicine by the herbalists. Many 
Ghanaians consider Western science 
too reductionist, constantly trying to 
find a single extract that can be sythe- 
sised and put into tablet form. “I don’t 
think the western world knows how 
fully to analyse a plant yet. There are 
certain enzymes we know little about 
and cannot isolate, but which seem to 
do good work. In any case, isolation 
of a single compound cannot be the 
be-all-and-end-all---it may be a syner- 
gistic action in the plant that is doing 
the healing,” Ampofo argues. 

He criticises scientists who “follow a 
routine method of analysing all plants, 
without knowing anything about what 
they do clinically. They take a long 
time and then say it’s no good, But if 
you know that plant A stops bleeding, 
you straight away look for coagulant 
effects. You don’t just go through to 
get a long list of formulae.” 

Another reason to listen to herba- 
lists is to find out the method of pre- 
paration, “I found a plant which is 
extremely good for infectious hepatitis 
-Bombas boboperzenze. You cut the 
bark to pieces, put it in cold water, and 
put it in the sun for half a day before 
drinking. I gave it to a professor and 
he worked on it for a couple of months 
and then said he couldn’t make head 
or tail of it. I found out that he had 
boiled it. If the herbalist tells you to do 
a preparation in a certain way, it 
doesn’t matter if you are a PhD, you 
must still follow it exactly.” 

This new scientific approach has 
already lead to promising research on 
plants for hypertension a problem in 
village Africa as much as urban Eng- 
land), guinea worm, skin infections. 
and many other conditions. By look- 
ing in their own gardens, Ghanaian 
scientists have been able to do research 
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that could not be done elsewhere. They 
have staked out an area of scientific 
research and produced world class 
results which are being published in 
the top medical and pharmacological 
journals. 

But the going is not easy. Modern 
analytical chemistry requires sophis- 
ticated equipment that Ghana cannot 
afford. Advanced drug research today 
is beyond the means of Ghanaian 
universities. For example, Dr Ivan 
Addae-Mensahe, a Ghana University 
chemist, has isolated an amide alkaloid, 
wisanine, from Piper guineense, the 
Ashanti pepper. The roots and seeds 
of this plant are used for a wide variety 
of conditions, including venereal dis- 
eases, mumps, and intestinal disorders. 
It is also used as a sedative. One alka- 
loid of the plant, nitidine, has been 
shown to lower blood pressure, so there 
is considerable interest in the plant as 
an anti-hypertensive. 


Can Ghana keep the 
drug companies at bay? 


But Addae-Mensah could only do 
part of the work. “With my own equip- 
ment, I could isolate the compound 
and tell if it was pure. I could tell the 
class of compound, its functional 
groups, and that the structure was 
close to something I knew. But I needed 
mass spectrometry and nuclear magne- 
tic resonance—-which I didn’t have—to 
tell the detailed structure.” His papers 
on wisanine cite laboratories in Frei- 
burg, London and Cambridge for 
analytical work. Other work has been 
done in Australia and Chicago. Much 
of the work was done as favours by 
other scientists—his adviser at Cam- 
bridge, a scientist he met in Nigeria, 
and even a contact made by his brother 
who studied in Germany. The anti- 
bacteria properties of wisanine were 
discovered in Germany; its effects on 
hypertension are being assessed in the 
US. 

Similarly, discovering that Cryptolep- 
sis sanguinolenta contained a quinoline- 
like compound was beyond the capa- 
bility of UST. They had to rely on 
friends and their own students in 
universities in Pittsburgh, Bradford and 
Upsala. The next step is to conduct 
tests on monkeys, but Ghana has no 
facilities. As the multinational pharma- 
ceutical companies are now concerned 
about the rise of strains of malaria 
resistant to present drugs, they may 
take over the work. 

Where does this leave the Ghanaian 
scientists? They are concerned that 
scientific knowledge is far from univer- 
sal when patents and profits are 
concerned. Are they, like the cousins 
on the farms and in the mines, merely 
supplying raw materials for the multi- 
nationals in the developed world? [] 
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Another cancer scare... or is it hypochondria? 


Alvin M. Weinberg, director 
of the Institute for Energy 
Analysis, turns his attention 
to the carcinogenicity 

of oxygen 


WuereE will the search for environ- 


mental carcinogens end? A recent 
article (Commoner, Vithayathil, 
Dolora. Nair, Madyastha, Cuca, 
Science 201, 913; 1978) implicates 
extract of cooked hamburgers; another, 
(Bruyninckx, Mason, Morse, Nature 
274, 606; 1978) oxygen at physio- 
logical concentrations. Both were 


found to be mutagens in the Ames test. 
Mutagenicity in this case is usually, 
though not always, associated with 
carcinogenicity in mammals. 

Commoner et al. found that ground 
beef cooked in a home hamburger 
cooking appliance contained a sub- 
stance that induced mutations (rever- 
sion from histidine dependence to 
histidine independence) in some strains 
of Salmonella typhimurium. In the 
Science article the authors are properly 
cautious: “If . these mutagens— 
once purified and tested on laboratory 
animals—are found to be carcinogens, 
their apparent concentration in some 
foods may represent an appreciable risk 
to certain populations.” But the media 
were less restrained: these cautious 
claims were blown up in the United 
States into the Great Hamburger Scare 
of Fall 1978. Professor Commoner was 
widely quoted in the press and on TV, 
and MacDonald hamburgers’ stock 
prospects were re-examined by alert 
Wall Street analysts. 

The Bruyninckx ef al. findings are 
even more startling. It has been known 
for 25 years that hyperbaric oxygen is 
a mutagen—but mammals are generally 
not exposed to hyperbaric oxygen. 
Bruyninckx found that exposure of 
certain mutants of S$. typhimurium to 
5% O.-5'%,CO:-90'%, N: induced as 
much as a fiftyfold increase in reversion 
to histidine independence compared to 
controls kept under anaerobic con- 
ditions. In speculating on the signifi- 
cance of their findings, Bruyninckx ef 
al. say, “According to Fridovich 
oxygen toxicity is normally held in 
check by a balance among rates of 
formation and destruction of reactive 
forms of oxygen. This may mean that 
oxygen mutagenicity is improbable, but 
not impossible, in normal aerobic mam- 
malian cells; but higher rates of for- 
mation of reactive forms of oxygen or 
lower rates of their destruction 
could lead to significant rates of 
mutagenesis along with the molecular 
pathologies arising from mutation,” 
Thus Bruyninckx et al. do not quite 
say that oxygen, in the form of the 
Os radical, may be implicated in 
carcinogenesis—but others, notably J. 
Totter, former Director of the Division 
of Biology and Medicine of the US 
Atomic Energy Commission, have sug- 
gested just this. 
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we'll have to 


If oxygen is dangerous, 
stop breathing ... 


These two findings suggest to me that 
our entire approach to cleansing our 
environment of carcinogens may be 
bankrupted by further investigation. 
Today's environmentalism assumes that 
environmental agents that do harm, 
particularly those that cause cancer, 
are important causes of cancer com- 
pared to the natural environment, and 
also are removable. But these two 
doctrines have already been shaken by 
such findings as the presence of nitro- 
samines in experimental animals fed a 
normal diet: or for that matter, the 
existence of the radiation background, 
not to say of sunlight itself. Professor 
Commoner’s hamburgers are almost 
unavoidable (though his directions for 
cooking mutagenic hamburgers may 
reduce even this exposure). But I 
would defy even the most ingenious 
environmental regulatory agency to 
legislate acceptable levels of oxygen! 


Obviously we must get a better idea 
of how much cancer is attributable to 
agents that are in principle removable. 
The oft-quoted assertion that as much 
as 80% of cancer is caused by environ- 
mental agents that are, at least by im- 
plication, avoidable, rests on evidence 
that can hardly be considered com- 
pelling, a point recently stressed by 
Peto (Nature 277, 428: 1979). To be 
sure, cancer maps show large fluctua- 
tions in incidence of specific cancers 
in different locations; but the fluctua- 
tions are much smaller if all cancers in 
one location are compared with all 
cancers in another location. 

So far regulatory agencies have not 
raised seriously the question of how 
much a known carcinogen can add to 
the unavoidable risk of cancer, If, for 
example, it turned out that an all- 
pervasive environmental agent such as 
oxygen is importantly implicated in 
cancer, then we may be attacking the 
one-tenth of the iceberg that shows 
(the avoidable carcinogens), but ignor- 
ing the nine-tenths that is submerged 
(the unavoidable carcinogens). I offer 
this speculation to bring home the great 
difficulties our regulatory agencies face 
in trying to legislate acceptable levels 
of exposure. 

I should think that before they out- 
law MacDonald’s hamburgers, or for 
that matter, before scientists call for a 
total ban on this or that carcinogen, 
we await further clarification of the 
role of all-pervasive agents such as 
oxygen in the etiology of cancer. We 
need more scientific understanding 
much more than we need additional 
regulation that is based on imperfect 
and fragmentary evidence. 

Where does the scientist’s respon- 
sibility lie—in publicising the possibility 
that a commonly used substance might 
be a carcinogen (Chicken Little), or in 
withholding publication until he can 
really assess the risk, say, compared to 
other carcinogens (Dr Pangloss)? 
Chicken Little adds to the public’s 
growing environmental hypochondria; 
Dr Pangloss conceivably might fail to 
alert the public to a potential danger. 
Until now Chicken Little has been in 
fashion. but I hope the pendulum will 
swing toward Dr Pangloss. The public 
ought to require of scientific Chicken 
Littles the same norms of conduct that 
science itself has imposed: cautious, 
provable scientific assertions, and a 
minimum of appeals to the unrefereed 
public press. 

If such an attitude leads to more 
Panglossism so be it: people will never 
stop eating hamburgers, let alone 
reduce their oxygen uptake, no matter 
what our scientific Chicken Littles and 
our regulators urge. = 
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news and views 





Decaying charm 


from D.J. Miller 


THe charmed particles are proving a 
great deal harder to study than the 
strange particles were. Both the charm 
quantum number and the strangeness 
number are conserved by the strong and 
electromagnetic interactions. This 
means that charmed or strange par- 
ticles must undergo weak decays whose 
rate is determined by two factors; the 
weak-interaction coupling constant Gr 
and the density of allowed final states 
-=the phase-space available. By a happy 
chance the characteristic lifetimes of 
strange-particle decays are around 
10°'' s, so for a particle travelling close 
to the velocity of light the decay- 
lengths are around a centimetre or 
more. This is ideal for bubble-chamber 
work, where the resolution is approxi- 
mately half a millimetre, and a wealth 
of precise data now exists on the life- 
time and decay schemes of all the basic 
strange states. Even the elusive Q 
hyperons are now being studied by the 
hundred. 

But although charmed-particle decay 
processes are also governed by Gr, the 
charmed particles are much heavier 
than strange particles. This leads to a 
much greater density of allowed final 
states for each decay-mode and the pre- 
dicted lifetime drops to the region of 
10°" s, giving decay-lengths of a few 
hundred micrometres; too short for any 
normal bubble-chamber to observe. In 
fact, it is quite difficult even to pro- 
duce charmed particles in a bubble 
chamber. Most of our knowledge of 
them comes from the e*e” colliding- 
beam machines where D, D* and other 
charmed states form a significant part 
of the total rate, once the charm 


threshold is passed at about 3.8 GeV 





0028-08 36/79/0279— 0287 $01.00 


(see News and Views 269, 286; 1977). 
Yet such machines have even worse 
spatial resolution than a bubble 
chamber, so the presence of the 
charmed particles is deduced from 
observation of their decay products 
with no hope of measuring the decay- 
lengths of the parent particles. Nuclear 
emulsions are, so far, the only detectors 
which offer a chance to see charmed 
particle tracks. A lone candidate was 
reported 3 years ago by an inter- 
national collaboration, using a stack 
exposed at Fermilab near Chicago 
(Burhop er al. Phys. Rev. Lett. 65B, 
299: 1976). Now a continuation of the 
same collaboration has reported three 
new events (Angelini et al. Phys. Rey. 
Lett. 80B, 428; 1979; and Ankara, 
Brussels, CERN-+ University College 
Dublin, University College London, 
Open University, Pisa, Rome, Turin 
collaboration preprint, to be published) 
seen in a stack which was placed just 
in front of the BEBC hydrogen bubble 
chamber in the CERN SPS neutrino 
beam. A few percent of charged cur- 
rent neutrino events are known to give 
charmed particles in the final state. 
Without the information from the 
bubble chamber, and its associated 
muon detector to establish the changed 
current. it would take hundreds of 
man-years to scan a large emulsion 
stack for a useful number of these 
events. By spotting likely events in the 
bubble chamber pictures and extra- 
polating the tracks back to the emul- 
sion it has been possible to find 101 
neutrino interactions in emulsion in 
less than 2 years. The bubble chamber 
also gives an opportunity to measure 
the momenta of tracks leaving the 
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Fig. 1 





emulsion and even in some cases to 
identify the kind of particle which pro- 
duced a particular track. But the 
emulsion gives the vital information— 
charmed tracks are indeed a few 
hundred micrometres long. Unfortu- 
nately, for three of the four events 
reported so far, the information on the 
momenta and identities of the second- 
ary particles from the charmed decay 
has not been good enough to allow the 
masses and momenta of the charmed 
particles to be established. There is, 
however, one event in which a strong 
case can be made that the decaying 
particle is the charmed baryon A,* 
and, if that is assumed, the momentum 
can be estimated with some precision. 
The two figures show tracks from 
this event. In the emulsion (Fig. 1) a 
single lightly ionised track travels from 
the neutrino interaction-star on the left 
of the picture and splits up into three 
light tracks after 354 um. These par- 
ticles all give corresponding tracks in 
the bubble-chamber picture (Fig. 2), 
marked a, b and c in the figure, In 
particular, track c makes an elastic 
scatter from a hydrogen nucleus in the 
bubble chamber (see arrow on figure). 
It has been possible to fit this inter- 
action and identify track c with a high 
confidence-level, as a proton track. 
Track a does not match quite as well 
as the other two with its counterpart 
in the emulsion—-it may have scattered 
slightly in the steel wall of the bubble 
chamber. 

fonisation measurements in the 
emulsion, together with the curvature 
of the tracks in the bubble chamber, 
indicate that track a is most probably 
due to a K` and track b to a a’, 
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Taking the best information on all 
three tracks the event is consistent with 
production of a hyperon of mass 
2.3 GeV/c’ and momentum 3.74 GeV/c. 
It decays to K°7’p after living 7.2 X 
10°"s. The other three events have 
similar decay lengths so their decay 
times must be in the same region. 
Because the charmed quark is 
thought to be much heavier than the 
everyday u and d quarks or the 
strange s quark, when a charmed par- 
ticle decays the process should be 
simpler than in strange particle decays. 
To predict the rate for a particular 
strange decay requires a detailed dis- 
cussion of the dynamics of two or 
three-body final states, with special 
enhancements and even ad hoc selec- 
tion rules. Charm decays, in the current 
weak interaction theory, should have 
about the same rate whether the 
charmed quark is in a charmed baryon 
or in a charmed meson. The energy 
released is much bigger than the varia- 
tions in mass between baryons and 
mesons, so the quark can decay at its 
own pace and the final state is re- 
arranged over a comparatively long 
period afterwards. (This is the same 
sort of ‘parton’ argument that is used 
to explain the deep inelastic inter- 
actions of electrons or neutrinos with 
quarks, quark-pair production in e*e 
annihilation or large transverse- 
momentum jet production in proton- 
proton collisions). It is thought likely, 
in view of the number of Krr events 
seen in searches for charm in bubble 
chamber neutrino events (Baltay er al. 
Columbia—Brookhaven collaboration; 
Proceedings of the Oxford Neutrino 
Conference 1979, page 198, published by 
the Rutherford Laboratory) that most 
of the charmed particles produced by 
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neutrino interactions are D mesons, not 
A. hyperons. Some of the other emul- 
sion events are consistent with many- 
body D decays, so it is encouraging for 
theorists that the apparent survival 
times of all events are similar to that 
of the A, event. 

This event is also encouraging on a 
more fundamental level. As soon as 
charm was taken seriously it was pos- 
sible to predict the whole SU(4) spec- 
trum of charmed mesons and baryons. 
In the past 5 years many dynamical 
effects have been explained by the 
existence of charm, but few members 
of the charmed spectrum have been 
firmly established. The A, has been 
reported before (see for example 
Cnops et al. Phys. Rev. Lett, 42, 197; 
1979 and references therein) but each 
piece of evidence was slender. A well 
reconstructed <A. track is a consider- 
able advance. d 


Bacterial defences 
against penicillins 
from a Correspondent 


We cannot always take a detached view 
about the outcome of conflicts between 
one form of life and another. We seek 
to kill pathogenic bacteria with anti- 
bacterial agents—but this onslaught 
may be resisted by the bacteria, which 
may produce (or contain) an enzyme 
that destroys the drug. Penicillins and 
cephalosporins are among the most 
effective antibacterial agents and they 
owe their activity to the presence of 
the four-membered -lactam ring. En- 
zymes that catalyse the hydrolysis of 
the B-lactam ring—and consequently 
inactivate the drugs—are called B—lac- 
tamases. The increasingly wide occur- 
rence of bacterial B-—lactamases has 
become a source of concern to clini- 
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cians and a challenge to chemists and 
biologists. Hence inactivators of B—lac- 
tamases are not only tools for 
enzymologists, they are also potential 
chemotherapeutic agents. It was against 
this background that a workshop* was 
held recently at the University of New- 
castle upon Tyne to discuss the bio- 
chemistry of bacterial #—lactamases. 
There have been significant advances 
in our understanding of f—lactamase 
action since the first workshop was 
held, 4 years ago (see News and Views 
255, 526: 1975). Moreover, then we 
had no effective inactivators of these 
enzymes; now we have several. 

Information about structure, al- 
though often laboriously acquired, 1s 
particularly significant and enduring. 
All our knowledge of amino acid 
sequences in B-—lactamases has come 
from the laboratory of R.P. Ambler 
(University of Edinburgh) recently— 
and dramatically—complemented by 
the work on the nucleotide sequence 
of a plasmid that encodes a #-lacta- 
mase (J. G. Sutcliffe, Harvard 
University). It is noteworthy that the 
B-lactamases from Staphylococcus 
aureus, Bacillus licheniformis, Bacillus 
cereus (B—lactamase I) and Escherichia 
coli have amino acid sequences that 
are sufficiently similar to show that 
they must be classed as homologous 
proteins. We may thus expect that one 
mechanism will apply to all these 
enzymes, By way of contrast, Ambler 
reported that -lactamase I from B. 
cereus had so far shown no sequence 
similarity to the other B-—lactamases, 
and he concluded that this is a strong 
candidate for an analogous (as opposed 
to a homologous) enzyme. Moreover, 
B-lactamase II is exceptional in re- 
quiring Zn (IT) for activity. S. G. Waley 
(University of Oxford) (reporting on 
work carried out in collaboration with 
H. A. O. Hill and E. P. Abraham) 
described spectroscopic evidence that 
the ligands to the essential metal atom 
were three histidine residues and the 
enzyme’s sole thiol group. 

The intermediates in the pathway of 
synthesis and export of the extracellular 
B-lactamase of B. licheniformis now 
include species of molecular weight 
35,000, 33.000 and 31.000 (J. Lampen, 
Rutgers University, New Jersey). Struc- 
tural characterisation of these interest- 
ing intermediates is, however, not yet 
complete. 

Information about the three-dimen- 
sional structure of #-lactamases is 
eagerly awaited; J. R. Knox (Univer- 
sity of Connecticut) described his pro- 
gress, both on the -lactamase from 
E. coli, and on the transpeptidase from 
Streptomyces R 61; which of the struc- 
tures being studied in several labora- 








*Held on 27-29 April and organised by Professor 
R H. Pain and Dr R Virden (University 
of WNewcastic-upon-Tvne) Tne workshop was 
supported by Glaxo Research Ltd. 
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tories will be solved first remains to be 
seen. 

Turning from structure to mechan- 
ism, one of the highlights of the meet- 
ing was J. R. Knowles’s (Harvard Uni- 
versity) presentation of the first good 
evidence for an acyl-enzyme inter- 
mediate in the enzymic reaction. The 
hydrolysis of a 7-a-methoxycephem 
(cefoxitin) by the RTEM #—lactamase 
from E. coli proceeds slowly enough 
for an intermediate to be isolated at 
0 °C; the low molecular weight moiety 
is covalently bound. When the reaction 
in solution was monitored by Fourier- 
transform infrared spectroscopy, the 
intermediate showed a band at 1753 
cm", This is consistent with the inter- 
mediate’s being an ester, and this, in 
turn, implicates a serine or threonine 
residue in the enzyme’s action. The 
importance of serine in B-lactamase I 
follows from the work of P. G. Sammes 
(University of Leeds) and Waley who 
have found that the amino acid residue 
labelled by an inactivator is serine 44 
(serine 70 in Ambler’s method of num- 
bering). This is a conserved residue in 
the sequences referred to above. These 
results, and those of Knowles, taken 
together suggest that P—lactamases 
may now be regarded as ‘serine en- 
zymes’. The inactivator used by 
Sammes and Waley (which was inde- 
pendently discovered by R. S. Pratt, 
Wesleyan University, Connecticut) was 
6-B—bromopenicillanic acid, and the 
labelled enzyme is thought to be a 
dihydrothiazine. A. F. Coulson (Uni- 
versity of Edinburgh) used the sulphone 
of 6-a-chloropenicillanic acid to in- 
activate the B-lactamase from Staphy- 
lococcus aureus: the site labelled is 
close to (or identical with) that referred 
to above, The chemistry of the in- 
activation by these reagents entails 
acylation followed by fragmentation, 
according to the views of those using 
these inactivators, but the structures 
postulated have yet to be firmly 
established. 

The detailed studies by R. H. Pain 
and R. Virden (University of New- 
castle-upon-Tyne) on the conformation 
and activity of the B—lactamase from 
S. aureus have led to a three-domain 
model, with the active site at the inter- 
face of two domains. This protein is 
one of the few for which a partially 
unfolded form has been well charac- 
terised. 

Methods of obtaining information 
about the practical importance of B- 
lactamases in protecting bacteria 
against the antibiotics were discussed 
by G. W. Ross (Glaxo Research, 
Greenford) and by M. H. Richmond 
(University of Bristol). Mutants of cer- 
tain strains of ŒE. coli have been 
obtained lacking the barrier to inflow 
of antibiotic, and these are helping to 
throw light on the Jeast-understood 
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aspects of B—lactamases. These concern 
the relative positions (in Gram-nega- 
tive bacteria) of the B—lactamase and 
the target that the antibiotic interacts 
with. 

As usual, much remains to be done, 
but significant advances have at last 
been made in the understanding of 
these efficient but unwelcome enzymes. 


High energy jets 


from M. G. Albrow 


In the past few years high energy 
physicists have progressed beyond the 
study of the interactions of the strongly 
interacting particles, the hadrons, to 
the study of the interactions of their 
constituents. All known and postulated 
observable ‘elementary particles’ fall 
into three classes (see the review article 
by Mulvey Nature 278, 403; 1979). 
These are the leptons (electron, muon, 
tau and neutrinos), supposedly funda- 
mental particles with half a unit of 
intrinsic angular momentum (spin) 
which have no strong interaction 
coupling, the hadrons (proton, neutron, 
pions, kaons and so on) which interact 
strongly, and the field bosons (photon, 
graviton, intermediate vector bosons) 
which are the quanta of the force 
fields acting between the leptons and 
hadrons. It has become universally 
accepted that the hadrons are not 
truly elementary particles but are com- 
posite objects. They are probably com- 
posed of two types of constituent 
quarks, which are very similar to the 
leptons except that they have a non-zero 
strong charge, and gluons, which are 
the field bosons or quanta of the strong 
force. Thus all matter consists of spin 
4h particles either with no strong 
charge (leptons) or with a strong charge 
(quarks) interacting by exchanging 
field quanta (bosons). 

And yet despite extensive attempts 
to kick a quark or gluon out of a 
proton and observe it as an isolated 
entity, none has succeeded. One can set 
up a collision experiment that should 
produce a quark, even to the extent of 
knowing in which direction it should 
be produced and with what momen- 
tum. In that direction one finds not a 
single particle but a set of several 
hadrons moving in roughly the same 
direction, with a total momentum equal 
to the momentum the quark should 
have had. Ht is just as if the quark pro- 
duced immediately breaks up into more 
familiar particles. Such a set of hadrons 
is called a ‘jet’, with a jet axis defined 
as the direction of the vector sum of 
their momenta. Each member particle 
has a momentum component parallel 
to the jet axis and a component trans- 


verse to that axis. An observed charac- 
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teristic of jets is that the average 
parallel component grows linearly with 
the total jet energy, while the trans- 
verse component remains small, a few 
hundred MeV/c. Consequently as the 
total jet energy increases, the angles 
between the member particles decrease 
and the jets become more collimated. 
In the highest energy collisions the 
jets produced become sufficiently dis- 
tinct that the multi-jet configuration of 
the resulting particles appears. Even 
though in a very high energy collision 
dozens of particles may be created, it 
is now postulated that they are all 
members of a small number (typically 
2-4) of these jets. That is to say that 
a small number of axes can be found 
such that no hadron has a large trans- 
verse momentum component to all the 
axes. If each jet is taken as signifying 
the direction of a quark or gluon the 
description of the collision process 
takes on a remarkable simplicity. 


How do these jets appear, in the 
reference frame in which the total 
vector momentum of all the particles 
is zero (the centre-of-mass frame)? In 
Fig. la an electron and a positron col- 
lide; they annihilate and all of their 
energy iş converted into hadrons. 
Typically two colinear jets of hadrons 
are observed, the axis making an angle 
6 with the collision axis. The angular 
distribution has a form (1+ cos*@), 
which is exactly that expected if just 
two spin ¢h particles, namely quarks, 
were produced and then disintegrated 
into hadrons. Collisions of this type 
were first seen at SPEAR in Stanford, 
California in 1975 (Hanson et al. Phys. 
Rev. Lett. 38, 1609; 1975) and become 
much more striking at the higher 
energy now available at DESY in 
Hamburg (Berger et al. Phys. Lett. 
78B, 176; 1978). | 

In Fig. 1b an electron-proton col- 
lision is shown, with the electron 
emerging intact after suffering a 
deflection and loss of energy. Again the 
created hadrons seem to group them- 
selves into a pair of jets which are 
however not colinear. One of the jets 
recoils against the deflected electron 
and its internal structure appears simi- 
lar to that of the jets produced in 
ete annihilation, suggesting that a 
quark has been kicked out of the 
proton and has subsequently disinte- 
grated in the same way. The rest of 
the hadrons form a second jet pointing 
along the direction of the incident 
proton——presumably arising from the 
remaining proton constituents after one 
quark has been removed. 

A stage further in complexity is the 
proton-proton collision seen in Fig. lc. 
Whenever particles with large trans- 
verse momentum relative to the col- 
lision axis are observed, they occur in 


each other in momentum. The natural 
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Fig. 1 a-c; Three classes of high energy particle collisions producing jets of hadrons. 
The initial state, the inferred primary products and the final state hadrons are shown 
as momentum vectors. 


interpretation is that a pair of con- 
stituents (one from each proton) has 
scattered through a large angle. 

From these three types of collision 
process studied at three quite different 
types of machine (e’e” colliders at 
SPEAR and DESY, large accelerators 
at FNAL and the CERN SPS, and the 
CERN proton Intersecting Storage 
Rings (ISR) a unified programme of 
research has now emerged. The first 
process (Fig. la) is the ideal way to 
study the mechanism by which quarks 
evolve into hadrons, the second (15) 
can measure the distribution of quarks 
inside a proton and the third (Ic) can 
study the quark—quark scattering pro- 
cess. This threefold attack on the 
study of the strong interaction was the 
subject of a Jet Symposium held last 
year at the Neils Bohr Institute in 
Copenhagen (Physica Scripta 19, (2) 
1979). 

Quite how the emerging quarks turn 
themselves into hadrons is still some- 
thing of a mystery. Our present under- 
standing of the strong forces between 
quarks is based on quantum chromo- 
dynamics theory (QCD). In this theory 
the quark~-quark force increases as 
their separation increases, unlike elec- 
tromagnetic forces where the reverse 
is true. It may then take an infinite 
amount of energy to separate a pair of 
quarks to macroscopic distances. As 
quarks separate, the energy contained 
in the increasingly strong field builds 
up until it is sufficient to ‘polarise the 
vacuum’, resulting in a newly created 
quark—antiquark pair. This process 
repeats itself until most of their kinetic 
energy is spent, and the created quarks 
and antiquarks arrange themselves into 
hadrons. Unfortunately it is not yet 
possible to calculate the details of this 
complicated process. It is still an open 
question whether free isolated quarks 
can be produced in sufficiently high 
energy collisions-—it is conjectured, but 
not yet proved, that they are per- 
manently confined. In that case we may 
now be exploring the last rung of the 
ladder down from atoms through nuclei 
and elementary particles to their most 
fundamental constituents. w 
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Arabic science 
at Aleppo 


from Subir K. Banerjee 


For historians of Arabic science an 
important meeting* took place in Alep- 
po, recently. The President of this 
young university Ahmad Y. Hassan, 
himself a noted historian of technology, 
has single-handedly provided the im- 
petus for the creation of the world’s 
first major centre devoted to a compre- 
hensive study of all the Arabic sciences, 
the Institute for the History of Arabic 
Science at Aleppo University. The in- 
stitute is also responsible for the 
publication of the Journal fer the His- 
tory of Arabic Science, the first journal 
of its kind. The term Arabic Science is 
used in preference to Islamic Science, 
perhaps to emphasise the idea that we 
are dealing here with the history of 
science (and technology) written in the 
Arabic language which was the lan- 
guage of rational inquiry in the Oc- 
cident during the period ap 800-1400. 

Why should anyone study Arabic 
science? Before we in the modern West 
mumble something about its impact on 
the European Renaissance tt is worth 
recalling what E. S. Kennedy, one of 
the doyens of studies in Arabic mathe- 
matics and astronomy has said, “There 
need be no laboring of the conceited 
notion that the providential function 
of the Arabs was to preserve Greek 
science against the time when Western 
Man should awake from his slumbers 
of the Dark Ages”. Taking this view 
one step further I would like to say 
that while intrinsically laudable, it is 
an extremely parochial and ethnocen- 
tric view to emphasise in the study of 
Arabic science only the role of trans- 
mission to the Latin West at the cost 
of minimising the grandeur and 





*The Second International Symoosium for the 
History of Arabie Science was held on S-12 April 
at Aleppo, Syria. 
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breadth of Arabic science as science 
per se. It is a sobering thought that 
perhaps only 10% of the total Arabic 
scientific oeuvre is known to have been 
translated into Hebrew and Latin. The 
growth, maturity and decline of Ara- 
bic science should be studied primarily 
as the flowering of human mind during 
a certain era and for the lessons it can 
offer to all mankind. 

The symposium was successful in 
driving home this broader viewpoint of 
Arabic science. One interesting contri- 
bution in the sessions on the ‘Transmis- 
sion of Arabic science to the Latin 
West’ was Marie Therésé d’Alverny’s 
discovery of the important influence of 
Arabic cosmology in the {2th century 
Dialogus of Peter Alphonsi. A high- 
light was A. I. Sabra’s talk in the gen- 
eral session on the place of science 
and medicine in medieval Islamic civi- 
lisation. Over the past few years in 
private conversations and in short arti- 
cles Sabra has indicated that he is strug- 
gling with the problem of decline of 
Arabic science and at the symposium 
he was able to state clearly his new 
approach to the discussion of this 
problem: he is concentrating on the 
careers of the individual scientists of 
this age, their training, flourishing and 
activity later in life. In the topical 
sessions I attended it was most exciting 
to hear of G. Saliba’s identification of 
the Damascene astronomer al-°Urdi 
(13th century) as the original author of 
the planetary model which constituted 
an alternative to the Ptolemaic model 
and that “Urdi’s model appears to have 
been adopted by the more well-known 
Qutb ad-Din ash-Shirazi. Other in- 
teresting new information selected at 
random is that the Arabs had a mag- 
netic compass for scientific use as early 
as 13th century and that a 14th cen- 
tury Aleppan astronomer, as-Sarra}j, 
had invented an exceedingly complex 
universal astrolabe which, additionally, 
had the equivalent of a slide rule on its 
back for complex calculations in sphe- 
rical astronomy, the trisection of an 
arbitrary angle and the nature of the 
lunar surface. = 


o LJ ¢ 

Timing time 

from P., C. W. Davies 

Ir has been predicted for 60 years that 
time runs faster in space than on Earth. 
Now the prediction has been verified 
by a direct experiment in which a high- 
precision clock—-an atomic hydrogen 
maser—was flown into space on board 
a spacecraft. In a recent issue of 
General Relativity and Gravitation, 
two Harvard astrophysicists, R. F. C. 
Vessot and M. W. Levine, report the 
preliminary results of the experiment, 
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which took place over the Eastern 
United States in June 1976. 

The effect being verified is caused by 
the action of gravity on time, which 
forces clocks (and all natural activity) 
to run more slowly in the Earth’s gravi- 
tational field. At high altitudes where 
gravity is lower clocks speed up. The 
phenomenon follows directly from the 
assumption that energy has weight, 
through a simple argument. When a 
body is lifted it acquires some extra 
energy by virtue of the work expended 
to elevate it. If the energy that drives a 
clock (for example, elastic energy of a 
spring or vibrational energy of a 
balance wheel) also has weight, then 
additional work must be performed to 
lift it: crudely speaking, a ticking clock 
is heavier than an inert one. The extra 
work expended appears as enhanced 
internal energy which thereby induces 
the clock to run more energetically, 
that is, faster. 

The time distortion effect is a com- 
pletely general one and is really a 
property of time itself, not merely a 
mechanical shortcoming of clocks. It 
is a central prediction of Einstein’s 
general theory of relativity because 
weighing energy amounts to checking 
the so-called equivalence principle— 
that gravity is locally indistinguishable 
from an acceleration. The effect is 
minute in the case of the Earth, but in 
certain astronomical objects such as 
black holes, it can become enormous. 

In 1959 a modest precursor of the 
Vessot-Levine experiment was per- 
formed at Harvard University by R. V. 
Pound and G. A. Rebka. Very finely 
tuned gamma rays produced using the 
Mossbauer effect were shot vertically 
up a tower 224 metres high and their 
frequency at the top compared with 
that at the base. The tiny shift of only 
a few parts in 10°% could be detected 
by compensating for it with the Doppler 
effect, which shifts the frequency of 
radiation from moving sources. The 
spacecraft experiment improves on this 
by probing much greater changes in 
the Earths gravity than from the 
bottom to the top of a tower. The pay- 
load was projected 10,000 km into space 
atop a Scout D rocket launched from 
Wallops Island, Virginia. At this alti- 
tude the time distortion is as much as 
five parts in 10°, well within the 
detection capabilities of modern atomic 
hydrogen masers. 

The principle of the experiment was 
simply to compare the beats of the 
maser in space with two standard 
Earthbound masers. In practice there 
are great complexities involved because 
other more prosaic effects, such as 
ionospheric disturbances and Doppler 


shifting due to the spacecraft motion, 
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More news on SS 433 


from A. C. Fabian 


THE moving emission lines of SS 433 
were one of the most exciting astro- 
nomical discoveries last year (see 
News and Views 277, 267; 1979). 
Since the object became visible in the 
night sky this year many telescopes 
have been following its behaviour. At 
the Spring meeting of the American 
Physical Society in Washington, DC, 
Bruce Margon (University of Cali- 
fornia, Los Angeles) reported that 
the enormous variations in line 
position are due to the Doppler effect. 
He and colleagues at the University 
of California and elsewhere have 
been prominent in observing and un- 
ravelling this bizarre spectrum, and 
find that all emission lines visible in 
their spectrographs are split into three 
components. Those either side of the 
component at rest wavelength move 
in the opposite sense and are displaced 
by an equivalent velocity which varies 
up to +52,000kms" and — 30,000 
kms. The asymmetry is likely to be 
due to the transvese Doppler effect 
in emitting matter that is travelling 
(probably in two diametrically oppo- 
site directions) at about 80,000 km s~’. 
The change in velocity represents an 
acceleration ~I g over several weeks. 
The overall variation appears to recur 
on a period of 160+3 days (or some 
multiple of that). The radial velocity 
curve passes through a cycle of 
~104d which is repeating this year 
within 2% (including some small but 
significant variations). The remaining 
part of the curve should be visible 
this summer. 
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have first to be taken into account. One 
vital requirement was to obtain ac- 
curate information about the space- 
craft trajectory, because the time 
distortion effect is a function of alti- 
tude. The accuracy aimed for is about 
+100m in position and +6cms™ in 
velocity near apogee, though the 
authors admit that as yet substantially 
larger uncertainties exist. Further data 
reduction will be undertaken to im- 
prove the understanding of the tra- 
jectory, especially at low altitudes. On 
the basis of current data, the clock 
rate distortion predicted by the general 
theory of relativity is verified to two 
parts in 10°, 

The principle of equivalence can be 
checked in other ways, such as the 
Dicke-E6tvés experiment, which uses 
a type of balance at a fixed location on 
the Earth, and is found to be correct 


Margon emphasised that this is the 
first time definite evidence has been 
found for large scale matter moving 
towards us at relativistic speeds— 
even the Paschen lines can be seen 
in the visible at maximum blueshift. 
Simply interpreting the radial velocity 
curve as due to a binary system leads 
to the picture of two masses of 
2x10 M orbiting each other just 
beyond their respective Schwarzschild 
radii. Perhaps more plausible would 
be to consider that the emitting 
matter lies in two jets which are 
waving around with a period of 160 
days. Radio astronomers find evidence 
for jets in radio galaxies, and rela- 
tivistic matter squirting out of a 
galactic nucleus seems to be necessary 
in order to explain the superluminal 
expansion in many of these sources. 
SS 433 may represent a much scaled 
down galactic version of one of these 
nuclei. I currently favour a precessing 
neutron star as the underlying source 
of energy—-Margon has noted that 
the inferred matter velocity in SS 433 
is close to the velocity of escape from 
such an object. (As an aside it may 
be noted that SS 433 could be used by 
an interstellar civilisation to thrust 
them up to relativistic speeds! ) 

SS 433 would be visible in binocu- 
lars if its position in the galactic 
plane did not cause significant dim- 
ming of its light. Nevertheless, it is 
within the grasp of many telescopes 
and must represent one of the most 
spectacular objects visible. Special 
relativity can now be demonstrated at 
significant fractions of the velocity of 
light on something more than sub- 
atomic particles. The emitting mass in 
SS 433 exceeds 10” g. 


to one part in 10°. If the principle is 
assumed correct, then the Vessot- 
Levine experiment can be used instead 
to check that the velocity of light is 
independent of direction by comparing 
the one-way and two-way light travel 
time from the ground to the spacecraft. 
In fact, the authors comment that 
there are a whole range of possibilities 
opened up by the use of high precision 
clocks aboard spacecraft. 

About 70 years ago Einstein and 
others developed the theory of rela- 
tivity by appealing to so-called 
‘Gedanken’ experiments in which ob- 
servers undergo hypothetical experi- 
ences involving gravitational fields and 
different states of motion, while equip- 
ped with measuring rods and clocks. In 
those days spaceflight and supert- 
accurate technology were merely a 
dream. Now, less than a century later, 
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some of these fantasy experiments can 
actually be performed, and the measur- 
ing rods and clocks, albeit in technically 
unrecognisable form, have become a 
reality. Vessot and Levine point out 
other experiments which. are feasible 
with current technology using clocks 
in space. One of these is the measure- 
ment of the Lense-Thirring frame- 
dragging effect, which is a sort of 
vortex in space in :the vicinity of a 
rotating massive body. Determination 
of the magnitude of the effect due to 
the Sun by orbiting clocks near the 
solar surface in a drag-free satellite, 
would enable an accurate measurement 
to be. made. of the total angular 
momentum of the Sun, a quantity 
which is crucial to our understanding 
of stellar structure. Another possibility 
is tthe detection of very low frequency 
gravity waves which, when washing 
through the Solar System, cause long- 
period ‘fluctuations . in ‘clock rates. 
There is no doubt that as technology 
improves, more and more of the ex- 
ceedingly minute, though highly 
significant distortions of space and 
time predicted by Einstein’s theory will 


come within the scope of direct experi-. 


mental verification. 


Micro-ecology 


from. N. MacDonald 


A RECENT review in Nature (Bloom 
279, 21; 1979) of immunological aspects 
of parasitism, discusses the methods 
adopted by parasites to survive within 
host cells. A full issue of the Pro- 
ceedings of the Royal Society (B204, 
1979—arising from a meeting held 
last year) has recently been devoted to 
wider aspects of the cell as a habitat 
for other cells, covering mutualistic in- 
teractions as well as parasitism. The 
evolutionary implications of early 
symbionts (cells inhabiting cells) which 
may have become integrated into the 
structure of more complex cells 
(present-day mitochondria and chloro- 
plasts for example), have been widely 
discussed, and are reviewed by F. J. R. 
Taylor and by J. M. Whatley er al. 
(These and all subsequent references 
are to papers in the previous reference). 
The general topic of the micro-ecology 
of contemporary symbionts, their 
mechanisms of adaptation to the intra- 
cellular environment, and the regula- 
tion of their populations by that 
environment, iS probably less widely 
known. 

Various kinds of ‘association of host 
cell and symbiont can be arranged in 
order of increasingly close integration. 
Most symbionts are segregated by en- 
N. MacDonald is in the Department of 
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closure in a membrane-lined vacuole. 
Those that are not. can typically not 
be grown. outside the host cell. These 
are presumably candidates for a process 
in which they lose their separate iden- 
tity and merge with the host cell, at any 
rate in cases where the association is 
mutually advantageous. _ 

This potential loss of identity is not 
the only way in which the cell as an 
environment is vastly different from 
the physical environments of large- 
scale ecology. Regulation of the popu- 
lation of the symbiont.is necessary lest 
it grows to the extent of bursting the 
host cell, as well as for restraining the 
competition of the symbiont for re- 
sources needed by the host. In all cases 


of stable association in which the sym- - 


biont is capable of separate existence, 
the maximum intracellular growth rate 
of the symbiont population is less than 
the maximum extracellular growth 
rate (D. C. Smith). Some of the regu- 
latory mechanisms (as discussed for 
example by L. Muscatine and R. R. 
Pool for intracellular algae) are 
reminiscent of those encountered. in 
animal ecology, at least in so far as one 
regards the environment of a particular 
species as including its predators and 
competitors. The host cell may expel 
the symbiont, consume it or starve it 
by competing for a resource. One radi- 
cally different mechanism, for which 
there is is now. some evidence, .is the 
triggering of mitosis in the symbiont 
by mitosis of the host. 

J. W. Moulder discusses the cell as an 
extreme environment, explicitly exam- 
ining the partial analogy with physical 
extreme environments, such as hot 
springs or salt lakes. Such environments 
are characterised by low diversity of 
the species that inhabit . them; fre- 
quently there is a single dominant 
species. This ‘species is likely not only 
to have adapted to the presence of the 
primary. non-biological limiting factor, 
such as temperature or salinity, but to 
have become dependent on it. The 
limiting factors of a host cell are of 
a more varied and active nature. The 
cell can exclude or destroy most poten- 
tial symbionts, so that a single 
dominant symbiont; which has man- 
aged to evade these defences, is typi- 
cally present. Some kinds of intra- 
cellular parasite possess special 
techniques to gain access to cell in- 
teriors, while others simply allow 
themselves to be engulfed by macro- 
phages, while contriving to avoid 
subsequent destruction. Enclosure of 
the symbiont ‘by a vacuole can ‘be 
thought of as tempering the severity of 
the extreme intracellular environment. 

. To give a final twist to the discussion 
of this complex. and intriguing kind of 
biological association, M. H. Richmond 


discusses the bacterial cell as a’ habitat 


for _extra-chromosomal DNA frag- 


à 


J 
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ments, such as plasmids, which can 
specify resistance to antibiotics or the 
ability to metabolise novel substrates. 
In this context plasmids can be re- 
garded as molecular symbionts whose 
effect is to allow the bacteria which 
carry them to penetrate otherwise in- 
hospitable habitats. LJ 


| A hundred years ago 


THe first public act passed by the 

U.S, Congress during the present 

session, was one making an appropri- 

ation of 200 000 dollars for the con- 

struction, under the direction of the 

Secretary of the Treasury, ‘for the 

. National Board of Health of a vessel 

provided .with suitable refrigerating 

apparatus, for the purpose of deter- 

mining the possibility of destroying the — 
yellow fever infection by intense cold. 

The act first introduced had special 

reference to the apparatus of Prof. 

Gamgee, but as passed it is within the . 
power of the Secretary to select any 

device that will, in the opinion of the 

National. Board of Health, best answer 

its pur pose: As 


THE Colonies and India furnishes some 

interesting particulars respecting the 

so-called “vegetable ivory,” which is 

now so much used.-as a substitute for 

ivory. The vegetable ivory nut is the. 
produce of a species of palm found 

wild in South ‘America and Africa. 

Inside ‘the hard shell is the white 

kernel, which being softer than ivory 

and easily carved, as ‘well as readily 

dyed, and being less brittle than bone, 

is largely used in making buttons, &c.. 

The unripe fruit consists of a green 

shell, containing a watery fluid, which, 

as the nut ripens, ‘gradually: thickens 

until it becomes a pulpy mass, and 

eventually ‘hardens into solid matter. 
_ The water, though bitter to the taste, 

is wholesome,’ and often renders in- 

valuable service to ‘travellers, who 

cannot otherwise obtain . water to 

drink. The tree (Phytelephas. macro- | 
carna) on which the fruit grows is 

unlike an ordinary palm, having little 

or no stem and drooping downwards, 

especially when the weak branches 

dare overweighted by the six or seven — 
bunches of nuts, each containing six 

or seven’ seeds, inclosed in thick heavy 

shells and outer sheath. and weighing 

altogether from 20 to 24 lbs. | 


EXTRAORDINARY finds of gold have 
lately occurred in the gold-fields of | 
Dutch and French Guiana and are 
causing great excitement. 


From Nature 20, 22 May, 88, 89; 1879. 
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Virological evidence for the success of the 
smallpox eradication programme 


I. Arita 


Smallpox Eradication Unit, World Health Organization, Geneva, Switzerland 
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Smallpox has prevailed throughout the populated world during the last four centuries but the World 
Health Organization’s eradication campaign has now apparently interrupted transmission of the 
disease in the human population. The risk of natural re-introduction of the disease is negligible. 





TEN years ago the worldwide incidence of smallpox was esti- 
mated to be about 10 million cases annually but since October 
1977, when a case of smallpox was recorded in Somalia, there 
has been no naturally occurring smallpox reported throughout 
the world. Hopes that the case in Somalia would be the last 
instance of smalipox in the world were destroyed by the out- 
break of smallpox in Birmingham, UK in August 1978. This 
caused considerable concern among the scientific community as 
well as the public because laboratory virus stocks appear to have 
been the source of infection. Although the focus of attention has 
been on measures to minimise the potential danger of variola 
virus stocks in laboratories, it is equally important for the world 
scientific community to examine whether variola virus has really 
become extinct in the human population and if so, what future 
surveillance and research on orthopoxviruses are required to 
ensure the permanent status of this phenomenon. I attempt in 
this article to present a summary of scientific data and review 
these problems. 


The origin of smallpox 


Ancient records in China and India imply that smallpox, easily 
recognised by the descriptions of its typical rash, high death rate 
and extensive transmissibility, was present in the eastern part of 
the Asian continent long before the Christian era. There are also 
records from that time of attempts to immunise susceptible 
persons with extracts of smallpox lesions (variolation). 

As man is the sole host of variola virus and no animal reservoir 
exists, continuous transmission of variola virus in the human 
population required aggregates of susceptible individuals such 
as first occurred about 5,000-6,000 yr ago when agricultural 
development made it possible to support populations of more 
than 500 living together in one place (F. Fenner, personal 
communication). The disease apparently spread in all directions 
from the eastern part of Asia along with population movements 
due to trade, religious and political conflicts and exploration. 
The disease first appeared in Asia Minor in the early Christian 
era and around the same period southern Europe was infected. 
Smallpox reached Japan in the eighth century, the Americas in 
the sixteenth century, Siberia in the seventeenth century and 
Australia in the eighteenth century. Its devastating effect when 
first introduced into a new population has been well described. 
The disease probably originated from one place—eastern 
Asia—roughly 5,000 yr ago and has prevailed over the past four 
centuries throughout the populated world. 

A finding inconsistent with this theory is that Rameses V of 
Egypt died of an acute disease in 1,100 BC which left pock-like 
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lesions on his mummified face. Electron microscopic examina- 
tion of the pock lesions on this mummy might shed light on the 
diagnosis of the disease and the World Health Organization 
(WHO) and the Egyptian government are discussing this possi- 
bility. If Rameses V’s illness was smallpox, this means that 
smallpox was already present in northern Africa at that time. 
The Roman, Egyptian, Babylonian, Assyrian and Persian civil- 
isations have left considerable historical records, but there is no 
evidence indicating a smallpox epidemic in these areas around 
that time. Two hypotheses can be proposed; the disease may 
have been introduced from the East (commercial trade between 
Egypt and Asia was well established as far back as 1,100 BC) 
and, leaving no recognisable records of a smallpox epidemic, 
may have died out spontaneously; or, the source of Rameses V’s 
disease could have been the African continent, perhaps Central 
Africa with which Egypt might have had communications along 
the River Nile. However, there is no way of determining which 
hypothesis is correct. 


Prevalence of smallpox 


At the end of the eighteenth century, Edward Jenner showed 
that material extracted from the lesions of cowpox would 
immunise against smallpox, and could replace variolation. Dur- 
ing the following 150 years Jenner’s ‘vaccine’ was gradually 
accepted by health services all over the world. However, over 
the years the virus strains used for vaccine production did not 
remain identical to those used by Jenner. By the 1950s, the 
existence of an effective vaccine and its coordinated use in 
vaccination programmes had resulted in the interruption of 
indigenous smalipox transmission in many countries in the 
temperate zones. Smallpox was, however, still prevalent in many 
of the tropical countries of Africa, South America and Asia. One 
reason for this was that the smallpox vaccine rapidly lost potency 
when exposed to tropical climates. 

In the early 1950s a method of freeze-drying smallpox vac- 
cine, so that it retained its potency for at least 4 weeks at 37°C, 
was adapted to large-scale production’. This freeze-dried vac- 
cine, stable in tropical climates without refrigeration, greatly 
enhanced the prospects for smallpox eradication. 

In 1967 the WHO initiated an intensified global smallpox 
eradication programme. At that time, smallpox was endemic in 
33 countries and cases were reported by 44 countries (Fig. 1). 
The campaign involved a massive investment of manpower, 
vaccine, technology and managerial skills. The total cash input 
from international assistance during the past 12 years is esti- 
mated to be about $100 million. The essential strategy of the 
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Fig. 1 Smallpox cases per 100,000 inhabitants in 1967. 


progamme was epidemiological surveillance combined with 
prompt containment of outbreaks detected”. 

Among milestones in the progress of the smallpox eradication 
programme have been the recording of the last cases in South 
America and West and Central Africa in 1971; in Indonesia in 
1972; in southern Africa in 1973 and in the Asian subcontinent 
in 1975. Since 1976, the endemic foci were confined to the Horn 
of Africa. The last known case of smallpox of natural origin was 
detected in Merka town, southern Somalia in October 1977 
(Fig. 2). 


Certification of interruption of smallpox 
transmission 


Do any foci of smallpox remain hidden in densely populated 
slum areas, remote tropical rain forests or isolated deserts? Past 
suspicions of this had some justification. A pockmark survey in 
Nigeria in 1971 revealed that the completeness of smallpox case 
reporting before the campaign began was only 1% in rural areas 
and 8% even in urban areas. In India, in 1973, when an active 
search for hidden foci was first carried out, it was revealed that 
less than 5% of all cases were reported in the entire country. 

As the smallpox eradication campaign progressed, however, 
the efficacy of smallpox surveillance was considerably increased. 
National eradication programmes developed search operations 
for hidden foci even in the most remote areas, particularly when 
smallpox incidence in these countries became very low. 
However, there were a few exceptions. In Botswana an outbreak 
was detected six months after the last case was thought to have 
been found, and an outbreak in Indonesia followed a gap of 8 
months in which no case was reported. Hence it was decided by 
the WHO Expert Committee for Smallpox Eradication in 1972 
that active surveillance should be continued for at least 2 years 
after the last known case before eradication could be declared. 
The kind of major surveillance measures undertaken during this 
2-year period in each of the countries concerned are illustrated 
by the following examples. 

In India and Bangladesh, massive house-to-house searches 
were undertaken in the 2 years following the detection of the last 


cases. On combining the data for the two countries it is found 
that an average of 98.2% of the 726,811 existing towns and 
villages were visited during each of the searches. Three such 
searches were conducted in India and eight in Bangladesh. No 
cases were found. Pockmark surveys were carried out in 28 
countries of West, Central and southern Africa from 1975 to 
1978. Of the total estimated population over 4% (9,059,119) 
were seen. No pockmarked person was found among children 
born after the year of the last known case in each country. In 
Ethiopia and Somalia, where the last endemic foci were detected 
during 1976 and 1977, the latest assessment results illustrate the 
intensity of the search for hidden foci; over 75% of the inhabi- 
tants had met search workers who enquired about smallpox 
rumours, over 75% knew about the reward which was offered to 
them if they found a smallpox case (Fig. 3), and over 70% knew 
where to report such a case. 

The adequacy of all these activities has been verified 
independently during visits by an international group of experts 
(the International Commission for the Certification of Smallpox 
Eradication) convened by the WHO for certification purposes. 
Seventy-nine countries have been identified as either recently 
endemic for smallpox or exposed to the risk that an imported 
case of smallpox might establish endemicity. Of these, 64 coun- 
tries have already been certified as free of smallpox and the 
remaining 15 countries are preparing for certification by the end 
of 1979 (Fig. 4). 


Laboratory investigation of 
collected specimens 


From 1973 to 1978, 11,249 specimens were collected from 51 
countries—all situated in the tropical zone of Africa and Asia. 
All the specimens were tested by the WHO Collaborating 
Centres in Atlanta and Moscow with at least three standard 
methods—electron microscopic examination, virus isolation on 
chorioallantois of embryonated eggs and precipitation in gel 
testing. As the incidence of smallpox fell, so the hunt for residual 
foci intensified so that in 1977 and 1978, 8,507 specimens were 
tested. 

Over 650 strains of variola viruses have been isolated, all of 
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Fig. 2 Variola virus particles (variola minor) from a specimen 
taken from the last reported case, 26 October 1977. 


which conformed with our previous understanding of the 
characteristics of this virus. Also, vaccinia virus (smallpox vac- 
cine virus) has been isolated on several occasions, indicating that 
either the suspect patient had generalised vaccinia, or the spec- 
imens were contaminated with vaccinia virus. Monkeypox has 
been found in 36 sporadic cases of zoonosis in West and Central 
Africa (see below). And on one occasion, a poxvirus termed 
‘Lenny virus’ was isolated from a person with rash and fever who 
died in eastern Nigeria in 1969°. This virus showed a mixture of 
the characteristics of variola and vaccinia virus, indicating a 
possible hybridisation of variola and vaccinia viruses during 
double infection in man. There was no evidence that this virus 
was transmitted among the inhabitants in the area. 


Mild and severe smallpox 


Laboratory examination of variola viruses isolated during the 
eradication campaign has shed light on the presence of 
different subspecies of variola virus. Since the report of the 
presence of mild smallpox ‘Amaas’ in southern Africa early this 
century, it has been recognised that there are two strains of 
variola virus, one, variola minor, causing fatality rates of less 
than 1% and the other, variola major, causing fatality rates of 20 
to 40% among unvaccinated patients. The epidemiological 
investigation of 36, 069 cases, including 2,444 deaths, during the 
past two decades indicated that fatality rates vary considerably 
according to the geographical areas; 15-36% on the Asian 
subcontinent, 8-13% in Africa and Indonesia, and less than 1% 
in South America*. Laboratory studies of more than 200 isolates 
obtained from these regions indicated that there were at least 
three sub-groups (A, B and C) in terms of haemadsorption tests 
on human embryo cell cultures infected by such isolates at 40 °C 
(ref. 5). Group A was dominant on the Asian sub-continent 
where the case fatality rate was highest, group B on the African 
continent where the case fatality rate was moderate, and group 
C in South America where it was the lowest. Thus, the con- 
ventional classification into variola major and minor appears to 
be inadequate; instead there might be a spectrum of variola virus 
strains varying considerably in their pathogenicity to man. 
Although this might indicate that the selection of a less patho- 
genic variola virus had occurred during long-established ende- 
micity, it was essential for the global smallpox eradication 
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programme to exterminate all variola virus, regardless of its 
pathogenicity to man. 


The possibility of variola virus in animals 


In the literature from 1767 to 1949 there are seven references to 
a smallpox-like disease in non-human primates”. Except for the 
one in Indonesia, which occurred in the Jakarta Zoo in 1949, 
there was no valid evidence that any of these was true smallpox. 
Between 1966 and 1970, 7,497 blood and tissue specimens 
collected from mammals in West Africa were examined for 
various viruses’. Of the specimens, 104 were from non-human 
primates and 5,517 were from rodents. Among 83 virus isolates 
obtained there was only a single pox virus (gerbilpox) and it was 
distinguishable from variola virus. From 1970 to 1975, 1,024 
sera were collected from non-human primates from tropical 
Asia without obtaining any evidence of poxvirus infection’. 

More important are the epidemiological findings. Notably, in 
the Philippines and Central America, where smallpox has been 
eradicated for several decades, it has never returned spon- 
taneously, although in these areas non-human primates are 
plentiful. Also, during the last 10 years of the smallpox eradi- 
cation campaign, comprehensive epidemiological investigations 
were conducted on more than 50,000 outbreaks in South 
America, Africa and tropical Asia. None of the sources of 
infection could be traced back to an animal origin. 


Orthopoxviruses in animals 


Variola virus is a member of the genus Orthopoxvirus. Six 
important viruses in this group are presented in Table 1. All 
these viruses have close antigenic relationships. Vaccinia, cow- 
pox and camelpox viruses lack continuous transmissibility in 
man, but the situation with monkeypox virus and whitepox virus 
deserves further comment. 

Monkeypox virus: In 1958 a poxvirus was isolated from an 
outbreak of pox disease in a captive monkey colony in a labora- 
tory in Copenhagen’. The virus was called monkeypox virus. 
The WHO, in surveys on 27 laboratories from 11 countries 
conducted in 1968 and 51 laboratories from 25 countries in 
1970, came up with 10 previous monkeypox outbreaks in 
laboratories. In one instance monkeypox virus was isolated from 
a giant ant-eater which temporarily shared a cage with an 
infected monkey. No monkeypox infection has been reported in 
laboratories since 1969. No human infections have been asso- 
ciated with any of these outbreaks but the vaccination status of 
those in contact with the monkeys is not known. 





Fig. 3 “The World Health Organization offers $1,000 to the first 

person reporting an active smallpox case resulting from human-to- 

human transmission and confirmed by laboratory tests. Valid until 
global eradication is certified.” 
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Fig. 4 Global certification of smallpox eradication by the end of 1979. 


Monkeypox has not been reported in wild monkeys. The virus 
was considered a laboratory curiosity until 1970 when the first 
case of human disease was discovered in remote tropical rain 
forest of Equateur Region, Zaire’®*'. From 1970 to 1978, 36 
cases of human monkeypox were reported from West and 
Central Africa. In Zaire, 27 cases have occurred, in Liberia, 
four, in Nigeria, three, and in the Ivory Coast and Sierra Leone, 
one each. All the cases have clinically resembled smallpox. Six 
persons have died, a mortality rate (16%) similar to smallpox in 
West and Central Africa. Only four patients had a vaccination 
scar. Most cases occurred in the zone of tropical rain forests 
where people are hunters and have frequent close contact with a 
variety of domestic and wild animals (Fig. 5). 

There has been no evidence of person-to-person transmission 
except in two families where second cases occurred 8 and 12 
days after the first. These cases suggest secondary transmission 
unless separate exposures to a common source of infection 
occurred. Assuming secondary transmission did occur, the 
potential for interhuman spread of monkeypox can be estimated 
from the number of susceptible family and community members 
(those without a smallpox vaccination scar) who had close 
contact with patients having active disease. Of 56 susceptible 
contacts, only two (3.6%) came down with the disease. This 
secondary attack rate is 10 times lower than the transmission 
rate of 35% for smallpox estimated in West Africa. Tertiary 
spread of human monkeypox has never been reported. 

Special vaccination scar and facial pockmark surveys were 
carried out in 1975 in populations living near where human 
monekypox cases had occurred 4 to 5 years previously in the 
Ivory Coast, Liberia, Nigeria and Sierra Leone. A relatively low 
immunity level was found in younger age groups. There were no 
vaccination scars in 57% of 2,125 children aged 0—4 yr and 29% 
of 8,047 school-age children, indicating their probable suscep- 
tibility to monkeypox infection. No evidence of monkeypox (or 
smallpox) was found. 


The source of human monkeypox infections is as yet 
unknown. Recent serological studies conducted in the immedi- 
ate areas where human monkeypox cases occurred have shown a 
23% (50/125) prevalence of poxvirus-neutralising antibodies in 
non-human primates’’. Of these, three sera showed monkey- 
pox-specific antibody'*. No human monkeypox has been repor- 
ted from South America or Asia. Little is known about its 
natural history, possible animal reservoir or pattern of trans- 
mission. Thus, although monkeypox does not appear to frustrate 
the achievement of smallpox eradication, further research on 
monkeypox in West and Central Africa with special emphasis on 
Zaire is warranted. It will be supported by the WHO, for whom 
the clinical resemblance of the disease to smallpox is one of the 
problems encountered in its continuing surveillance for 
smallpox. 

Whitepox virus: Although attempts to isolate monkeypox 
virus from animals captured near human monkeypox cases have 
failed, four whitepox virus isolates have been obtained during 
laboratory examination from 1970 to 1978. These wild white- 
pox strains came from the kidney tissue of one chimpanzee, one 
wild monkey and two rodents all captured in Equateur Region 
of Zaire®. Before this, two strains of whitepox virus had been 
isolated from routine monkey kidney cell cultures in 1964-65 in 
another laboratory. The monkeys had come from Malaysia. So 
far laboratory tests have been unable to determine the nature of 
these isolates or to distinguish them from variola virus. Note, 
however, that there has been no evidence of human infection by 
the virus in the areas where animals for specimen collection were 
captured. 

In 1978, a laboratory reported that cloned variants of some 
monkeypox virus strains showed the characteristics of whitepox 
virus and that in hamsters inoculated with a monkeypox virus 
strain, monkeypox virus was isolated at an early stage of 
infection but a few whitepox virus isolates were made at a late 
stage of infection", However, the experiences of several other 
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Table 1 Comparison of some orthopoxviruses 
Characteristics Variola Whitepox Monkeypox Vaccinia Cowpox Camelpox 
Ape, monkey Man, monkey For vaccine Man, cow, 
Isolated from Man rodent anteater production, large felines Camel 
origin unknown 
Pocks on chorioallantois 
of chick embryo Small, white Small, white Small, pink Large, white to grey Haemorrhagic Smali, white 
Ceiling temperature on 
chorioallantois of chick 
embryo (°C) 37.5-38.5 38.5 39 4} 39.5 38.5 
Growth in rabbit skin _ _ ++ + Or + + + + + 
Pathogenesis for baby Low Low High High High Low 
mice 
Antigens Vaccinia is aa ~ + + + 
specific to: Variola + + ~ + ? + 
Monkeypox a aT + - ? — 
Polypeptide pattern Character of Character of Character of Character of Character of cowpox 2 
variola variola monkeypox vaccinia 
Thymidine kinase 
sensitivity + + oe oe ae = 


investigators have produced conflicting results, namely that 
white pock variants of monkeypox have not been similar to 
whitepox virus. Further experiments to clarify these two sets of 
different observations are now under way in two WHO 
Collaborating Centres. 

Although laboratory studies on whitepox virus have proved 
somewhat confusing, epidemiological evidence certainly 
suggests that whitepox virus must differ from variola virus in 
some way because: (1) no human infections with a variola-like 
virus have occurred in Malaysia during the last 12 years or in 
Zaire during the 7-year period since the last smallpox cases were 
recorded; and (2) it can be presumed that the surveillance 
system, particularly in Zaire, is sensitive enough to have detec- 
ted any infection with a variola-like virus as shown by the 
capability to detect human monkeypox. Nevertheless, this virus 
merits continued laboratory and field investigations. 


Mutation of poxviruses to variola virus 


History suggests that smallpox arose in one area and spread 
across the world from the initial focus. Although other ortho- 
poxviruses appear to be widespread in nature, there is no 
evidence of any other ‘spontaneous’ appearance of smallpox. 
This is strong evidence against the hypothesis that other pox- 
viruses might give rise to variola virus by mutation. 


Persistence of virus in convalescence and on 
fomites 


Variola virus can be recovered from the urine or nasopharynx of 
infected patients for not more than 25 days after the onset of the 
rash’. This finding is consistent with epidemiological 
experience that recovered patients are no longer infectious. 

The possibility of smallpox scabs remaining in the houses of 
patients in previously endemic areas has caused concern, as in 
1968 it was reported that scabs kept at room temperature on a 
shelf in a laboratory in a temperate zone for over 13 years 
contained viable virus”. More recent experiments, however, 
measuring virus decay in tropical conditions, indicate that virus 
concentration in scabs may decrease to a non-infective level 
within three weeks'®. 

The practice of variolation persisted until very recently in 
some remote tropical areas of Africa and Asia. The last known 
use of variolation was in Ethiopia in 1976. Samples of variola- 
tor’s stocks have been collected from Afghanistan, Ethiopia and 
Pakistan during the past 10 years. Of 21 specimens, 17 did not 
grow variola virus despite the fact that several specimens 
showed numerous poxvirus particles on electron microscopy. 


Four specimens, all from Afghanistan were positive for viable 
virus when tested 4-9 months after the variolators had collected 
their material, but Afghanistan has maintained freedom from 
smallpox for 5 years; the last case was recorded in 1973. In 
Ethiopia, once smallpox outbreaks stopped, the practice of 
variolation also ceased. 


Conclusions 


Current evidence from field and laboratory investigations 
indicates convincingly that when the interruption of smallpox 
transmission in the human population has been confirmed 
throughout the world, the risk of re-introduction of the disease 
will be negligible. This assessment may logically lead to the 
universal termination of routine smallpox vaccination pro- 
grammes. This, however, should be accompanied by continuing 
studies and vigilance. The surveillance of orthopoxvirus 
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Fig. § Location of human monkeypox cases 1970-78. (1, Patient 
reported to a hospital in Benin, but developed pockmarks in 
western Nigeria.) 
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infections in animals and man as well as laboratory studies of 
orthopoxviruses should continue and all necessary steps should 
be taken to minimise the potential danger of live variola virus 
stocks. To this end, the first meeting of the Global Commission 
for the Certification of Smallpox Eradication was convened by 
the WHO in December 1978 and it made comprehensive 
recommendations in relation to surveillance and research after 
certification of smallpox eradication, which is expected to take 
place by the end of 1979. 
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Sm and Nd were unaffected by alteration of the Onver- 
wacht lavas permitting for the first time a precise Sm-Nd 
date (3,540 + 30 Myr) to be obtained for this major igneous 
event. 


Abra 





THE Onverwacht Group Volcanics, occurring in Swaziland and 
the Transvaal of South Africa, are probably the most extensively 
studied Archaean greenstone belt volcanics'”’. Ultramafic vol- 
canic rocks were first well documented from the Onverwacht’”’ 
and have been generally termed komatiites*. Much of the 
vigorous debate concerning the nature of the Earth’s first stable 
crust has centred on comparisons of structural, metamorphic 
and geochemical features of the Onverwacht Group and the 
Ancient Gneiss Complex'*”’, the oldest element of the granitic 
terrain surrounding the Swaziland Supergroup. 

The Onverwacht Group forms the basal part of the Barberton 
greenstone belt and together with the overlying sedimentary Fig 
Tree and Moodies Groups constitutes the Swaziland Super- 
group. The Onverwacht Group itself consists of two distinct 
volcanic units’. One of these, the lower ultramafic unit (LUU), is 
separated from the other, the mafic-to-felsic unit (MFU) by a 
persistent sedimentary band termed the Middle Marker 
Horizon. Each unit is subdivided into three formations which 
from base to top are the Sandspruit, Theespruit and Komati and 
the Hoogenoeg, Kromberg and Swartkoppie Formations’. The 
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LUU consists mainly of peridotitic and basaltic komatiites with 
subordinate basic and acid tuffs, and small, generally concor- 
dant, penecontemporaneous, felsic porphyry intrusions’. The 
MFU is of less mafic character and has a greater abundance of 
chemical sediments’. 

Despite the considerable geological importance of the 
Onverwacht Group, geochronological studies have been 
unsuccessful in either precisely defining the time of the vol- 
canism or establishing the temporal relationship between the 
Swaziland Supergroup and the Ancient Gneiss Complex. Whole 
rock Rb-Sr studies® of the latter indicate repetitive metamor- 
phism and Sr isotope rehomogenisation for ~200 Myr after 
initial formation of the gneisses ~3,300 Myr ago (*’RbA = 
1.42107" yr"). The initial *’Sr/°°Sr ratio of 0.7006 + 24 (all 
quoted errors are at the 95% confidence level (26 a,,,)) for those 
gneisses at 3,300 Myr when compared with probable mantle 
values during the Archaean constrain a single-stage crustal 
prehistory of their parent materials to a period of no more than 
100-150 Myr. 

Greenschist facies metamorphism which pervades the Swaz- 
iland Supergroup’? has perturbed the Rb-Sr systematics such 
that they now give conflicting impressions as to the age of 
volcanism. For example, whole-rock Rb-Sr data’® from the 
felsic volcanics suggest an age of 2,570 +40 Myr, whereas Rb-Sr 
results for whole rock mafic volcanics provide no useful geo- 
chronological information’®''. The Rb-Sr ages obtained on 
sediments of the Swaziland Supergroup are 3,280 +70 Myr for 
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Fig. 1 Ci-chondrite normalised” abundance patterns for two 
pillow margin(a)-interior(b}) pairs. 


the Middle Marker Horizon’? and 2,920+20 Myr for the Fig 
Tree Group’*. These results provide minimum times for the 
deposition of the sediments and indicate that the Rb-Sr data for 
the felsic volcanics reflect metamorphic resetting at 2,570 Myr 
(ref. 10). The U-Pb “ results obtained on zircon and sulphide 
separates from felsic volcanics of the MFU yield a slightly older 
age than the Rb-Sr data at ~3,310 Myr. Furthermore, an 
internal isochron obtained from mineral density separates of a 
basaltic komatiite from the Komati Formation yields a Rb-Sr 
age of 3,430 + 200 Myr and a well defined initial °’Sr/*°Sr ratio 
of 0.70048 + 5 (ref. 11). 

Despite considerable effort, adequate geochronological data 
have not yet been obtained on the Onverwacht volcanics. We 
present here the first definitive age for the Onverwacht vol- 
canism obtained from Sm-Nd analyses of whole-rock samples. 


REE abundances 


The difficulty of obtaining reliable ages from the Onverwacht 
volcanics using a parent~daughter system which involves an 
alkali and an alkaline earth element is not surprising in view of 
the evidence for element mobility obtained from volcanic rocks 
which have suffered low-grade alteration'***. Both Condie et 
al.” and H.S.S. and A.J.E.”° have investigated the effects of 
metamorphism oñ the chemistry of Onverwacht volcanics. 
Whereas H.S.S. and A.J.E.*° have made detailed investigations 
of pillow lava margins and interiors, Condie et al.” have studied 
the variations within individual massive flows. Both studies, 
however, indicate variable fractionation of Rb/Sr during alter- 
ation and also demonstrate labile behaviour for K, Na, Ba, S, Cu 
and Zn, for example. Condie er al.” have further suggested that 
the light rare-earth elements (REE) have migrated relative to 
the heavy REE, although the evidence for such a conclusion is 
sparse. 


a A E E E NAAN AE E E et 
Table 1 REE abundances for two LUU pillow lavas 
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SC-11 


SC-8 
Margin Interior Margin Interior 

(a) (b) (a) (b) 
Ce 10.3 11.5 11.5 11.6 
Nd 73 7.6 8.0 7.6 
Sm 2.21 227 2.34 2.27 
Eu 0.72 0.76 0.76 0.78 
Gd 2.74 2.60 2.90 2.83 
Dy 3.13 3.21 3,34 3.16 
Er 2.02 2.02 2.17 2.05 
Yb 1.88 1.99 2.01 1.89 
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To further assess the possibility of differential behaviour of 
REE during the alteration of Onverwacht samples, REE abun- 
dances have been determined using precise isotope dilution 
techniques’? for two pillow margin-interior pairs previously 
studied by H.S.S. and A.J.E.”. These REE data are presented 
in Table 1 and plotted relative to average C1 chondrite abun- 
dances*’ in Fig. 1. The small differences that exist within each 
pillow can be readily attributable to differences in phenocryst 
content and provide little evidence, in this particular instance at 
least, for differential movement of REE during low-grade 
alteration. Note that these particular pillow lavas show varia- 
tions in Rb/Sr between margin and interior of between 20% and 
400%". The successful application?” of the Sm—Nd system to 
the dating of Archaean igneous rocks of diverse metamorphic 
grade in general militate against metamorphic disturbance of 
Sm—Nd systematics. 


Sm/Nd ratios 

The samples used in this study are from the type areas of the 
Theespruit (LUU), Komati (LUU) and Hoogenoeg (MFU) 
Formations, and were selected for optimum spread in Sm/Nd 
ratio coupled with preservation of original textures and relict 
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Fig. 2 Sm-Nd evolution diagram for the samples from the lower 

ultramafic unit. The data yield an age of 3,540 +30 Myr and an 

initial '""Nd/'**Nd ratio of 0.50809 +4 with errors quoted at the 
20m level. 


mineral content. None of the samples is totally fresh and typic- 
ally, olivine is serpentinised, plagioclase sericitised and glass 
devitrified. Other common secondary minerals include calcite, 
tremolite, epidote, chlorite and talc. Sm and Nd concentrations 
and ‘“*Nd/'**Nd ratios were determined (see refs 24 and 32 for 
analytical details) for 10 samples from the LUU and two from 
the MFU (Table 2). Sm-Nd data for samples from the LUU, 
which range from acid pyroclastics to spinifex-textured 
ultramafics, are plotted on a Sm~Nd evolution diagram in Fig. 2. 
The best-fit regression line** through the data points cor- 
responds to an age of 3,540 + 30 Myr and an initial '**°Nd/'**Nd 
ratio of 0.50809 +4. ('*’SmA = 6.54 10°" yr’). The data for 
the seven mafic and ultramafic samples alone yield an age of 
3,510 60 Myr and an initial '**Nd/'**Nd ratio of 0.50813 +7 
which are not significantly different from those obtained from all 
the LUU data. 


Table 2 Sm—Nd data for Onverwacht Group Volcanics 


300 
Sample Rock type Formation 
Lower ultramafic unit 
HSS-74 Sodic porphyry Komati 
HSS-161 Acid tuff Theespruit 
HSS-52B Feisic pillow lava Komati 
HSS-56 Basaltic lava Komati 
R-14 Basaltic komatiite Komati 
HSS-32 Basaltic komattite Komati 
HSS-88A Peridotitic komatiite Komati 
HSS-92 Peridotitic komatiite Komati 
HSS-95 Peridotitic komatiite Komati 
HSS-523 Peridotitic komatiite Komati 
Mafic to felsic unit 
HSS-224 Tholeiitic basalt Hoogenoeg 
19-J Acid pyroclastic Hoogenoeg 
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Sm Nd 
(p.p.m.) (p.p.m) 1 Sm/' Nd* 43nd /'“*Ndt 2m 
2.129 12.42 0.1030 0.510487 + 36 
2.033 11.59 0.1054 0.510570 +32 
4.891 17.79 0.1653 0.511950 +22 
1.514 4.464 0.2040 0.512875 +32 
1.115 3.551 0.1888 0.512504 + 34 
3.390 13.06 0.1649 0.511957 + 22 
1.267 4.251 0.1792 0.512292 +34 
0.5750 1.861 0.1858 0.512439 + 34 
0.5490 1.736 0.1902 0.512541 +28 
1.318 4.659 0.1701 0.512084 + 20 
4.316 14.04 0.1849 0.512478 + 22 
2.154 11.51 0.1125 0.510717 +24 


* 1476 /144Nid ratios are determined to a precision of 0.2% at the 20m level. 


Inclusion of the data for the two samples from the MFU, 
though not plotted in Fig. 2, results in a less precise but indis- 
tinguishable age of 3,570 + 50 Myr and an initial “*°Nd/ 4NId of 
0.50807 +6. The Sm-Nd data satisfy the normal criteria for 
designating the regression line an isochron. These results do not 
resolve the time interval, represented by the Middle Marker 
Horizon, between the volcanic activity of the LUU and the 
MFU’. 

If a single-stage mantle source history is assumed for the LUU 
volcanics from 4,550 Myr until 3,540 Myr ago and the 
'43NIq/14*Nd ratio 4,550 Myr ago was equal to that of the Angra 
dos Reis achondrite (0.50682)? then the time-integrated 
Sm/Nd ratio for this interval was 0.297 + 0.005. This value is 
within error of those estimated from whole-rock isochron stu- 
dies of the Isua2°, Rhodesian? and Monroe Township”’ green- 
stone belt volcanics (Table 3) and together support the 
conclusion of DePaolo and Wasserburg’?! that Archaean 
mantle evolved with approximately chondritic Sm/Nd. 

The peridotitic komatiites represent large degrees of partial 
melting whose primary abundance ratios of large ion lithophile 
elements may closely approximate those of their source region. 
Four samples of this rock type analysed in this study have 
Sm/Nd ratios which range from 0.270 to 0.302 and are within 
about 10% of the time-integrated Sm/Nd ratio of their source. 


Conclusions 


Reliable initial °’Sr/*°Sr data for the Onverwacht volcanics 
could not be obtained from any of the samples available*’. 
However, if the precise initial *’Sr/*°Sr ratio determined by 
Jahn and Shih'' for a LUU basaltic komatiite is assumed to be 
that characterising the LUU source region 3,540 Myr ago then 
an estimate of the time-integrated Rb/Sr ratio of the source can 
be obtained in a manner analogous to that used for the Sm/Nd 
ratio. The calculated time-integrated Rb/Sr ratio is 0.034+ 
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Table 3 Sm-Nd Ages, initial HM3INd/'} Nd ratios and inferred time— 
integrated (ti) Sm/Nd ratios 
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Initial 

Rock suite Age (Myr)* 143nd/'*4Nd* (Sm/Nd);* 
Isua” 3.770440  0.507831+46 0.306 +0.006 
Onverwacht 3,540+30 0.50809 +4 0.297 +0.005 
Lewisian 2920+450  0.508959449 0.311 +0.003 
Rhodesia”? 2,640+140 0.50919 +18 0.294+0.010 


Monroe Township?’ 2,6554+43 0.50924 +6 0.304 +0.003 


<sereteumememiettiaanamanemebmetsisssasnesinntniniiis is nenrtnimtchtla aain 


* Errors quoted at 20m- 


0.001, which is similar to that of 0.03 suggested previously?!” 


on the basis of the correlation of Nd and Sr isotope compositions 
in oceanic basalts. 

Resolution of the temporal relationships between the 
Onverwacht Group and the Ancient Gneiss Complex must 
await further geochronological data for the latter which are of 
comparable precision to those reported here for the Onver- 
wacht. Although the Onverwacht volcanics are of similar age to 
the Amitsoq gneisses? of West Greenland they do not 
represent the oldest known basic crust. The Isua metavolcanics 
which have been precisely dated by both U-Pb (ref. 35) and 
Sm-Nd methods”? are some 200 Myr older. 

We thank G. Wesselmann for skilled technical assistance. 
This work was supported by NSF grant EAR 75-20891. 
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Coals and other forms of solid carbonaceous fossil fuel are 
oxidised to oxides of carbon at the anode of an elec- 
trochemical cell and hydrogen is produced at the cathode, 
these gases being produced in relatively pure states. The 
reaction proceeds at very mild temperatures and at operat- 
ing electrical potentials significantly lower than the ther- 
modynamic potential of water electrolysis. Although the 
reaction is readily observable at room temperature, the 
observed activation energies and the expected decom- 
position temperatures of the presumed intermediates suggest 
that much more rapid and steadier oxidation rates might be 
achieved at higher temperatures in the range 200-600 °C. 


FOSSIL fuels and water are the major raw materials used to 
manufacture hydrogen although electrical energy produced by 
nuclear fission may become important for future production of 
hydrogen by electrolysis. Hydrogen is a key chemical for purify- 
ing petroleum of environmentally polluting ingredients; it is also 
important for converting the solid fossil fuel coal into clean fluid 
fuels. Mills’ has specified hydrogen as the most costly ingredient 
in such conversions, the chemistry and technology of which are 
reviewed elsewhere”. 

We report here a newly developed electrochemical process 
which converts coal and water into two separate gaseous 
products: one comprising essentially gaseous oxides of carbon 
and the other essentially pure hydrogen. The process chemistry 
takes place at mild temperatures (even room temperature) and 
the gaseous products are essentially free of impurities such as 
ash, tar and sulphur compounds. This new electrochemical 
gasification process involves the anodic oxidation of coal at an 
electrode for which we postulate the half-cell reaction of the 
carbon in coal: 


C(s) + 2H,O() > CO2(g) + 4H" + 4e” (1) 


in combination with a corresponding half-cell reaction at the 
cathode: 


4H” + 4e” > 2H2(g) (2) 


The net sum of these half-cell reactions (1) and (2) is the 
equation for the predominant reaction in the electrochemical 
gasification of coal: 


C(s) + 2H2,0() > 2H2(g) + CO2(g) (3) 


This electrochemical gasification process, instead of producing a 
complex mixture containing Ha, CO, CO; and impurities (as in 
conventional steam—carbon gasification), produces relatively 
pure streams of carbon oxides in the anode compartment and 
hydrogen at the cathode. 

In principle, conventional water electrolysis requires a 
theoretical thermodynamic electrical energy input [AF°= 
~nFE*| of 56.7 kcal per mol of hydrogen and a corresponding 
theoretical driving potential of about 1.23 V whereas elec- 
trochemical gasification (equations (1)-(3)) requires according 
to thermodynamic principles only about 9.5 kcal of electrical 
energy and a reversible potential of only 0.21 V to produce 
Imol of hydrogen. The greatly lowered electrical energy 
requirement for the latter process results, of course, from the 
consumption of coal which can be viewed as supplying the 
additional electrons required by the process. 
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Of course, the stoichiometric reactions written above mask 
reaction mechanism(s) which as yet can only be speculative. 
Perhaps the primary electrode process is the discharge of OH” at 
the anode to produce a radical which attacks the coal. Overall, 
the carbon of the coal might also be viewed as an oxygen 
acceptor. 

Conventional production of hydrogen from coal uses steam- 
carbon reactions to produce synthesis gas (CO and H) by a 
strongly endothermic reaction which must be conducted at 
temperatures sufficiently high (~800 °C) to assure favourable 
equilibrium. Synthesis gas must then be purified to remove 
sulphur compounds and other impurities followed by reaction 
with water to shift the CO/H; ratio as required. Coal gasification 
technology is discussed in detail elsewhere*?®. 

We have conducted electrochemical gasification of three 
coals, one liginite and one char (obtained from the Pittsburgh 
Energy Research Center of the US Department of Energy) by 
anodic oxidation in the apparatus of Fig. 1. Typical results 
recorded in Table 1 show substantial oxidation currents at 
applied potentials significantly lower than those necessary to 
electrolyse aqueous electrolytes, compared with control 
experiments made in the absence of coal. Hydrogen was 
produced at the cathode and carbon dioxide containing 3-7% 
carbon monoxide at the anode. Oxidation of the coal apparently 
requires contact with the anode—only background current is 
measured if the anode is surrounded by a porous membrane 
which prevents the close approach of the coal particles but 
permits transport of species dissolved in the anolyte. 

In these early experiments, Montana Rosebud char gave 
higher current and seemed easier to oxidise anodically than the 
parent coal. Based on other experiments with active carbon, 
diamond and graphite we attribute this behaviour to the higher 
surface area, smaller particle size and more graphitic nature of 
the char as compared with the parent coal. Susceptibility of a 
carbonaceous particle to anodic oxidation may be related to the 
electrical conductivity of the particle. 

Figure 2 shows the inter-relationship of oxidation current, 
temperature and coal-to-electrolyte concentration; increasing 
such concentrations or temperature causes current to increase as 
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Fig. 1 Stirred slurry gasification cell. Supporting electrolyte 
H,S0,, 475ml volume. Anode and cathode were Pt gauge 
52 mesh with respective areas of 96.5 cm? and 158 cm? 
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Table 1 Comparison of oxidation rates of different coal samples 


saree teeth 





Potential of Coal Oxidation 

oxidation concentration rate 

Coal (V) (gem™*) (mA) 

Montana Rosebud char 0.78 0.475 8.20 
North Dakota lignite 0.83 0.475 9.00 
Pittsburgh coal 0.875 0.475 5.30 
Illinois no. 6 0.875 0.475 3.00 
Montana Rosebud coal 0.78 0.475 1.50 





Electrolyte, 3.7M H804; temperature, 23°C, electrode area, 
6.5 cm?; coal slurry concentration, 0.475 g em *; particle size, 250 um 
and below; experimental apparatus as in Fig. 1. Control experiments 
with no coal, lignite or char produced currents of only about 0.05 mA. 


expected. The temperature dependence of oxidation rate leads 
to an estimate of apparent activation energy of about 10- 
12 kcal mol”! for North Dakota lignite at 1 V. Such low activa- 
tion energy suggests that the rate determining step may not be a 
typical chemical reaction. Particle size effects have also been 
observed but they are complex and seem to be time dependent. 
The ash content, porosity and other properties of the particles 
may be size dependent and particle size is also related to 
momentum available for a particle to penetrate the nernstian 
layer at the anode. We have also obtained comparable results 
with electrodes other than Pt (such as graphite) and other 
electrolytes (such as HCl). The higher the potential the greater 
the oxidation current. As the coal is consumed by oxidation at a 
given potential the current diminishes as shown in Fig. 3 where 
current is plotted against the potential for various extents of coal 
consumption as a parameter. Anodic oxidation of carbon 
anodes has been investigated previously’. The controlled oxi- 
dation of purer carbons, whether by electrochemical or chemical 
means, results in the formation of surface oxides such as hydr- 
oxyl, carbonyl or carboxyl groups“. We believe that such 
oxides also form during the anodic oxidation of coal and, as they 
increase in concentration on the surface of the coal particles, the 
potential required for additional oxidation increases. These 
surface oxides of carbon decompose to gaseous oxides of carbon 
on heating and this is consistent with the experimental obser- 
vation that as temperature increases lower potentials are 
required to produce the same rate of oxidation. The gradual 
decrease of the reaction rate may be attributed to a correspond- 
ing accumulation of chemisorbed oxygen in the form of surface 
functional groups on the coal®*. Based on the known decom- 
position temperatures’ for such surface compounds it should 
be possible to maintain a higher and steady oxidation rate at 
200-600 °C, perhaps even at applied potentials lower than those 
reported here. Of course, such higher temperatures would entail 
operation at pressures above atmospheric. 

Some experiments were performed in which, after significant 
consumption of the coal had taken place by anodic oxidation at 
about 100°C, and the anodic current at 1 V had decreased to 
low values, the coal was removed from the electrolyte and 
heated to about 200 °C to decompose surface oxides. When this 
coal was returned to the anolyte, high oxidation currents were 
measured at 1 V again, and these currents were almost equal to 
those provided by virgin coal at the same conditions. Reactivity 
could also be restored by extracting reacted coal with hydro- 
carbon solvents. 

Surface carboxyl groups on coal or smaller carboxylated 
fragments can probably react through a Kolbe-type pathway to 
form aliphatic type hydrocarbons: 


RCOO™ +R'COO™ > 2CO,2+ RR’ +2e7 
Surface free radicals, R-, might also form by 
RCOO > CO,+R +e 


Such reactions may be responsible for the tar-like substance that 
can be extracted from anodically oxidised coals using hydro- 
carbon solvents. For example, acetone extracted about 5% of 

thë weight of 25%-consumed NDL to form a dark, reddish- 


we 
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Fig. 2 Effect of coal concentration on the oxidation rate. (North 

Dakota lignite; particle size, 44 4m and below; supporting elec- 

trolyte concentration, 4.13 M H,SO,; oxidation potential, 1.00 V; 

experimental apparatus as in Fig. 1 except anode area 6.5 cm’. @, 
78 °C; W, 59°C; A, 39°C. 


brown solution, whereas a similar treatment of the parent coal 
produced an extract that remained almost clear. 


Gases produced and the current efficiency 


During oxidation of ND lignite at 114°C and at potentials near 
0.85-1.0 V the gas produced at the cathode was essentially pure 
H,. Based on 12 experiments in each of which about 100 cm’ of 
H, was collected, the mean current efficiency (defined as: mol H2 
collected/mol H, corresponding to coulombs passed) was 1.00 
with a standard deviation of +0.022. The gas produced within 
the anode compartment was almost pure CO, with small 
amounts of CO ranging from about 7% early in the electrolysis 
(about 1,870C passed, equivalent to about 0.34% of coal 
consumed) to a steady-state value of about 3% attained at about 
3,740 C passed (equivalent to about 0.68% of coal consumed). 
The volume ratio of the gases collected at the cathode to those at 
the anode ranged from ~3.5 to ~8; the higher ratios were 
obtained at the beginning of the experiment but then decreased. 
According to reaction (3) the gas ratio should be about 2. In the 
present conditions, however, a significant portion of the carbon 
oxides presumably remained bound to the coal (probably as 
—COOH, -CHO and —CH,OH groups) and this would account 
for the gas volume ratios >2. The decrease in these ratios as an 
experiment progresses may be attributed to the build-up of 
oxygen on the carbon surface until a steady-state saturation is 
reached. Higher temperatures should cause more oxides of 
carbon to be liberated from the coal with an attendant lowering 
of the ratio of cathode-to-anode gas production rate. Some 
electrolyte-soluble, (probably oxygenated) organic compounds 
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Fig. 3 Effect of potential on the oxidation rate as the reaction 
proceeds. (North Dakota lignite; coal slurry conc., 0.069 g cm; 
supporting electrolyte, 5.60 M H,SQ,; particle size, 125-149 pm; 
temperature, 114°C experimental apparatus, as in Fig. 1 with 
anode area 96.5 cm”. Total carbon consumed: ©, 0.156%; @, 


6.35%, C, 21.1%; W, 29.2%. 
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were also produced as indicated by total organic carbon assays of 
the filtered electrolyte after extended anodic oxidation of coal. 

A qualitative but sensitive mass spectrometric analysis was 
made of the gases produced at both anode and cathode. Note 
that no lines were observed for molecular weights corresponding 
to SO, or H,S, even though the parent lignite contains 
significant sulphur. 

We can compare the efficiency of our process (coal-consuming 
water electrolysis) with ordinary water electrolysis. In water 
electrolysis the energy required to split the water molecule is 
supplied solely by electricity, whereas in our new process the 
required energy is supplied only in part by electricity with the 
balance arising by way of the concomitant anodic oxidation of 
coal. The following quantitative development gives a first order 
approximation of how much energy comes from each such 
source and thereby provides a rough feeling for efficiency. The 
energy consumed by conventional water electrolysis conducted 
at a potential of E, to produce Ny, moles of H; is 2Ny,FE> 
whereas the energy required by the present process operating at 
a potential of E is: 


g 


where E is the potential applied across the cell; / is the current; 
and ¢ is time Ng is the number of mol of carbon consumed and 
AH is the enthalpy of combustion of carbon to CO.. 

The foregoing expression can be simplified by assuming a 
constant operating potential E, and noting that: 


i 


Nin= | Pdf/2F and Ne=1/2Ny, 
+8) 


where F, the Faraday constant, is 96,500 C equiv. ~’. 
Eliminating kidt and Nc the expression for total energy 
consumption by our process becomes 


2FN ap E + 1/2Ny,(-4H) 
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The relative energy usage (REU) is accordingly: 


( ordinary electrolysis ) 
coal-assisted electrolysis 


i 2Nu,FE; 
2FNywE + 1/2Ny,/AH | 
= E/(E +|AH|/4F) 
Inserting [AH | = 94,100 x 4.18 J mol and the value of F gives: 
REU = E,/(E + 1.02) 


Practical values of E, for conventional electrolysis are about 2 V 
whereas values of E observed in the present work have ranged 
from ~0.8 to ~1.0 V at room temperature. This means that the 
total energy consumption is about the same (REU = 1), per unit 
of hydrogen produced, for ordinary water electrolysis and for 
coal-assisted water electrolysis conducted in the experiments 
near room temperature reported here. In the case of elec- 
trochemical gasification to hydrogen, however, about half the 
required energy comes directly from coal and half from elec- 
tricity. We expect that the total energy requirement for coal- 
assisted water electrolysis can be lowered further by carrying it 
out at higher temperatures thereby permitting operation at 
lower potentials (£) than 0.8-1.0 V. Note that we have treated 
coal as pure carbon and assumed it is completely oxidised to CO; 
at the anode in the above approximate assessment of REU. Such 
simplification ignores the complications arising from the vari- 
able hydrogen and oxygen content of different coals and the 
question of the different relative proportions of CO, CO, and 
small amounts of non-gaseous carbon oxides that may be 
formed at different operating conditions. 

The results presented here represent a new technical concept 
for preparation of hydrogen from the electrochemical reaction 
of water and coal. Additional results will be reported elsewhere. 

We thank the University of Connecticut and the US Depart- 
ment of Energy for financial support. Larry Veneziano provided 
experimental assistance. 
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The origin of baryons in the Universe 


THERE are several clues to the history of the early Universe. 
The 3-K microwave background indicates that the Universe was 
highly isotropic when it was about a half million years old, and 
the abundance of He (also D, “He and Lì) indicates that 
nucleosynthesis was taking place when the Universe was about 
three minutes old. These:two facts are strong evidence that the 
Universe began from a hot big bang’. In addition, Hawking, 
Ellis and Penrose have proved (within general relativity) that the 
existence of the 3-K radiation implies the Universe must have 
been singular in its past”. The existence and clustering of 
galaxies indicate there were some deviations from homogeneity 
in the early Universe. Perhaps the most curious fact about the 
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Universe is that it is composed almost entirely of matter (the 
Universe contains negligible amounts of antimatter) and that the 
number of baryons per photon (~baryon/entropy ratio) is 
between 10°'’ and 107° (ref. 4). If baryon number is absolutely 
conserved, then it follows that the baryon number of the Uni- 
verse must be viewed merely as an initial condition. Recent ideas 
in particle physics when applied to the early Universe may 
explain how an initially baryon-symmetrical (zero net baryon 
number) Universe could have evolved into one with net baryon 
number. Here, we will discuss these ideas and other interesting 
astrophysical implications. 


The striking success of the Weinberg-Salam SU(2) x U(1) 








gauge theory of the weak and electromagnetic interactions® and a 


of the SU(3) colour gauge theory of the strong interactions” 
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motivated grand unified gauge theories of the strong, weak and 
electromagnetic interactions “12 A common feature of all these 
grand unified theories is baryon non-conservation mediated by a 
very heavy (Higgs and/or gauge) boson(s) of mass ~10'°- 
10'* GeV c7?. In addition, these theories naturally violate CP 
(particle—anti-particle symmetry). 

At present energies (even those of the largest proposed 
particle accelerators), these baryon non-conserving processes 
are not*important; however, in the early Universe, when kT 2 
m,c? (m, is the mass of the boson which mediates baryon 
non-conserving reactions) these processes would have been 
roughly the same strength as the other interactions and an 
initially baryon-symmetrical Universe could have evolved into 
one with net baryon number. Several authors'*”’° have pointed 
out that in addition to CP and B violations one must also have 
departures from thermal equilibrium to produce baryon asym- 
metry. Departures from equilibrium occur naturally in the early 
Universe when reaction rates cannot keep pace with the expan- 
sion rate of the Universe. Several schemes have been pro- 
posed!?:!*6!9 which produce a baryon/photon ratio of ~107'°~ 
10°". We shall describe the one proposed by Weinberg’®, and 
discuss the astrophysical consequences of cosmological baryon 
production and a new yong scheme using an earlier idea of 
Hawking?’ as well as the new unification theories. 

In the Weinberg scheme, the Universe begins as a baryon- 
symmetrical hot soup containing all the fundamental particles 
(leptons, quarks, photons, X-bosons). When the lifetime of the 
X-boson is approximately the age of the Universe, kT is less 
than m,c’, so that the X- and X-bosons freely decay (their decay 
products are not energetic enough to regenerate them). At this 
temperature baryon non-conserving reactions have become 
ineffective (reaction rates < expansion rate) so that any baryon 
number generated will not be destroyed. The decay products of 
the X-bosons have a mean net baryon number B: # —B,, B,= 
the mean net baryon number of the decay products of X-bosons 
(this is permitted by CP and B violations). Therefore, the 
Universe acquires a baryon/photon ratio proportional to (B+ 
B,;), which is itself proportional to the size of the CP violation. 
From this point forward the Universe evolves with the 
baryon/photon ratio remaining constant or decreasing with the 
generation of additional entropy or with the decay of baryons. 

Because grand unified theories do not conserve B, they also 
predict that the proton is unstable. In the SU(5) and O(10) 
unification theories, p ~a ~?mt/m; ~ 10°**! yr (a ~ fine struc- 
ture constant = 1/137)*'**. The current lower limit on the pro- 
ton lifetime is 107° yr and comes from the Case—Wit-Irvine 
neutrino experiment in South Africa’. Lande etal. are using the 
neutrino telescope at Homestake Mine in Lead, South Dakota 
(for this experiment neutrinos are the background!) to explore 
lifetimes of ~10°' yr (by mid-1979) and hope to be able to have 
developed a sensitivity to lifetimes of ~10°? yr within 2 yr (K. 
Lande, personal communication). A positive result from a pro- 
ton decay experiment would be strong evidence for baryon 
generation in the early Universe. In addition, if the Universe is 
open, such a result means that it will eventually be devoid of 
baryonic material. 

In the gravitational instability theory of galaxy formation and 
clustering, small initial density fluctuations grow with time and 
eventually become of the order of unity, leading to the forma- 
tion of galaxies and clusters of galaxies**. The initial fluctuations 
are of two types: adiabatic and isothermal. In an adiabatic 
fluctuation both the matter and radiation are perturbed and are 
related by (8p/P) mater = 3(8T/T) radiation. In an adiabatic fluctua- 
tion the baryon/entropy ratio remains constant. In an isothermal 
fluctuation the radiation does not participate in the perturbation 
(8T/T = 0) and so the baryon/entropy ratio is not constant. The 
adiabatic perturbations are subject to damping (while the matter 
and radiation are coupled) and only fluctuations on mass scales 
210'*Mo will survive and grow to the order of unity. Isothermal 
perturbations are not subject to damping, and fluctuations on 
mass scales 210°Mo will grow to the order of unity. If the initial 
fluctuations were adiabatic then the 3-K background should 
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show variations AT/T ~ 107° on angular scales of ~30 arc s. 
Such variations have not been seen and are just below the 
sensitivity level of current experiments”. 

If the baryons in the Universe were generated as outlined 
above, the baryon/entropy ratio would depend only on micro- 
physics (the grand unified theory). Therefore, the initial 
temperature fluctuations in the Universe would not give rise to 
baryon/entropy fluctuations (unless the fluctuations were so 
large that some parts of the Universe were never hotter than 
m,c’/k and no net baryon number was generated). Any initial 
density perturbations must be adiabatic rather than isothermal. 
This fact is related to the problem of galaxy formation and 
clustering in the Universe. 

One way around the elimination of initial isothermal fluctua- 
tions is through primordial black holes. Hawking has shown that 
a black hole of mass m (in grammes) should emit a spectrum of 
particles like a black body with a temperature of ~10°° K m`’ 
(ref. 26). As a black hole radiates, it loses mass and ultimately 
evaporates in a time ~10°*° m* N“' s (N ~ number of particle 
species it can emit)”. As it is evaporating its temperature 
increases; when kT ~m,c’ a black hole can emit X- and X- 
bosons (in equal numbers). When these bosons decay they will 
produce a net baryon number ~(B, + B,) x (number of X. X- 
pairs emitted). All black holes with an intitial mass m such chat 


rot 


the corresponding temperature is © m,c*/k (m2 10'*m,_, m, in 
GeV) will eventually produce the same number of X, X-pairs 
and hence the same net baryon number. (This is because no X, 
X-pairs will be produced until the mass of the black hole has 
decreased such that its temperature ~m,c’/k.) The rest of the 
mass of an evaporating black hole will eventually be converted 
into photons (entropy), so that the baryon/entropy ratio created 
by an evaporating black hole is proportional to m~’. The 
entropy and baryon number of the Universe could be produced 
from an appropriate primordial spectrum of black holes (Hawk- 
ing first suggested baryon and entropy production by primordial 
black holes, although he did not elaborate on a mechanism”’). In 
addition, as the baryon/entropy ratio produced by an evaporat- 
ing black hole depends on its mass, the distribution and mass 
spectrum of primordial black holes could lead to both isothermal 
and adiabatic initial density fluctuations in the Universe. For 
example, suppose the Universe was initially isothermal and 
without net baryon number. Let the net baryon number be 
produced by a non-uniform spatial distribution of primordial 
black holes of mass m. If the entropy added by the evaporation 
of the black holes is small (let m be ~10'* mz" g) the density 
fluctuarions caused by the spatial distribution of black holes will 
be nearly isothermal. For some values of m,, baryon production 
by other routes is negligible because when the X and X decay 
baryon non-conserving collisions are still effective and any 
baryon excess produced is neutralised. In these cases primordial 
black holes can act as ‘seeds’, evaporating after nm-conserving 
collisions become ineffective and thereby generating a baryon 
excess that is not neutralised. 

In conclusion, we can say that recent developments in the 
unification of elementary particle interactions by gauge theories 
may provide an explanation for what seemed to be an arbitrary 
initial condition—the baryon/entropy ratio. In addition, if this 
explanation is correct, it is directly relevant to the question of 
initial density fluctuations and galaxy formation. 

We thank S. Weinberg, G. Steigman, W. Press and D. Nano- 
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part by NSF grant AST 78-20402 and an Enrico Fermi Fellow- 
ship at The University of Chicago to M.S.T. 
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TUE observations of the symbiotic 
star CH Cygni during an active phase 


THE spectrum of CH Cygni usually has the appearance of a 
normal M6 Ul star, but at intervals of several years, it has 
outbursts during which it shows the characteristics of a symbiotic 
star, that is a blue continuum extending shortward of the Balmer 
discontinuity, and emission lines of He 1, Fen, [Fe 11], [S11], 
[O mm]; the Balmer lines and the H and K lines of Ca II present 
emission wings. The observations of CH Cygni reported here 
were made to determine whether a symbiotic star is a binary 
system composed of an M6 giant and a hot subdwarf, or whether 
it is a cool star surrounded by a thick corona. 

Outbursts were observed: in September 1963 (ref. 1), the star 
had already returned to normal by August 1965; in June 1967 
(ref. 2) the spectrum was followed by Faraggiana and Hack* 
until December 1970 when the star returned to normal; another 
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outburst was observed in August 1977 (refs 4, 5), the spectrum 
was observed by Faraggiana with the coudé spectrograph at the 
152-cm telescope of the Haute Provence Observatory, and in 
June and September 1978 still had the characteristics of a 
symbiotic star. Our observations of the UV spectrum of CH 
Cygni reported here, made with IVE on April and July 1978 
were therefore taken during its active phase. 

The most obvious hypothesis for explaining symbiotic stars is 
that they are binary systems formed of a late-type giant and a hot 
subdwarf which occasionally has outbursts. Or the cool star may 
be surrounded by an extended and thick corona heated by shock 
waves, which is supposed to be responsible for the blue 
continuum and the emission lines”. A third hypothesis®, that a 
hot star is surrounded by a cool, optically thick envelope, was 
discarded by the observations of CH Cygni in 1967-70 (ref. 3) 
because they gave clear evidence that the blue continuum was 
filling up the M6 photospheric lines, a distinctive phenomenon 
which was again observed in the spectra obtained by Faraggiana 
in June and September 1978 (personal communication). 

Several symbiotic stars present orbital motions; however, CH 
Cygni does not show any evidence of periodic radial velocity 
variations. Instead, our observations supported the hypothesis 
that shock waves heat the extended envelope surrounding the 
M6 giant star. Photometric observations by Slovak and Afri- 
cano”, however, indicate that CH Cygni presents a rapid flicker- 
ing, characteristic of the cataclysmic variables, most of which are 
close binary systems. According to Slovak and Africano’, the 
flickering provides the strongest evidence for the interpretation 
of CH Cygni as a binary system undergoing mass transfer. 

To decide which hypothesis could explain the spectrum of CH 
Cygni, it was observed with IUE, in the low resolution mode and 
in the short-wave range on 22 April (using the 3” aperture) and 
on 31 July 1978 (using the large aperture, 10” x 20”). 

The UV spectrum of CH Cygni is characterised by an almost 
flat continuum from A1250 to A1700 with a mean flux of about 
5x 10°’ ergs cm”? A“ (determined from the July spectrum, 
observed with the large aperture), by a very strong emission at 
41302 (the flux at the centre of the emission is about 5 and 4 
times the flux in the adjacent continuum, in April and July 
respectively) due to O I, and by several fainter emissions, which 
in many cases can be barely distinguished from high points on 
the continuum; moreover, several absorption lines are present. 
The energy distribution in the continuum at A > 1700 is strongly 
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Fig.1 The spectra of CH Cygni observed in April and July. The ordinates are log F, where F is the flux at the Earth (erg cem? s7! A~’) given by 
the relation F, = N,S;'17', where N, is the IVE flux number, $, the camera sensitivity and ¢ the exposure time in seconds. The emissions are 
indicated by arrows. 
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Fig. 2 The far UV spectrum of CH Cygni, observed on 31 July 1978, is compared with that of Beta Lyrae (S2/68 observations) and with the 

Kurucz, Peytremann and Avrett blanketed models. x -- x, Beta Lyrae, @—-—-@, KPA model, T. = 10,000 K, log g=4.5; O—O, 

T. = 11,000 K, log g = 4.5; + ---+ +, Te = 13,000 K, log g = 4.5. The arrows above the CH Cygni spectrum indicate the position of the emission 
lines. 


affected by the presence of the emissions. Their blending 
produces in this region a peculiar energy distribution, very 
similar to that previously observed for Beta Lyrae with 
experiment $2/68 (spectral resolution about 35 A) aboard the 
European satellite TD-1. 

The two spectra observed in April and July are almost iden- 
tical, except for a constant difference in the flux, which is four 
times lower in April, a difference probably due exclusively to the 
light loss through the 3” aperture’’ (Fig. 1). Moreover, the July 
spectrum presents a strong emission at Lya, which is of geo- 
coronal origin, because it fills up the whole height of the slit, as 
shown by inspection of the photowrite. No appreciable varia- 
tions are evident, either, in the region AA3500~-5000 A, at least 
from a visual inspection of the spectra taken in June and 
September 1978. 

As it is very difficult to trace a reliable continuum through the 
various absorption and emission features, we have considered 
an average curve passing through the majority of these features, 
but below the strongest emissions and above the strongest 
absorptions (Fig. 2). We then compared this with the spectra of 
several stars observed with $2/68 (ref. 12), and with several 
theoretical models'*. The best fit along the whole region 1380- 
1900, common to IUE and S2/68 observations, is obtained with 
Beta Lyrae, whose spectrum is also characterised by the 
presence of several strong emissions. As Beta Lyrae has been 
observed in the high resolution mode with IUE, the 
identification of the emissions in its spectrum has been a useful 
guide to the identification of the emissions in the spectrum of CH 
Cygni. Comparison with normal unreddened stars indicates that 
the best agreement is found with B9-AO stars, but only in the 
region A < 1750 A, because of the distortion due to the emis- 
sions. Atmospheric models for T. = 10,000 K or 11,000 K agree 
with the observed energy distribution in the region AA1275- 
1750 A (Fig. 2). At A > 1750 A, the continuum is distorted by 
the blending of several strong emission features, and at A< 
1,275 A the flux decrease is slower than that predicted by the 
models. This latter behaviour indicates that the Lya absorption 
is much fainter in CH Cygni, an effect we attributed to the 
presence of geocoronal and stellar Lya emission. 

The magnitude difference Am with the standard star 
HD168905, B2.5 V, V=5.24, observed with IUE with the 
large aperture (Selvelli, personal communication), ranges from 
+9.5 at A1170 to +6.0 at A1900. The magnitude difference with 
Vega (observed with 2/68 (ref. 12) ranges from +10.3 at A1450 
to +9.3 at A1900. 


The main contributors to the blends are given in Fig. 1. 
Absorption lines of multi-ionised atoms like A1175 C m, A1550 
Cv, A1718N Iv, A1240N v, probably 41767 and A1771 O M, 
41400 Si Iv are present. All the emission lines, on the contrary, 
are due to transitions to the ground level of neutral or once- 
ionised atoms (like A1253 S 11, multiplet 1 (ref. 14); A1281 CH, 
5; 41303 and A1355 O1, 2; A1335 C u, 1; A1533 Si 1, 2; 1785 
P 1, 1; A1808 Si 11, 1; 41817 Si 11, 1) and to the strongest lines of 
iron twice-ionised. The emission at A1640, attributed to He HI, 
probably receives an important contribution from the Fe H lines 
of multiplets 8 and 68, which have the second strongest intensi- 
ties in this spectral region, after those of multiplet 191, which is a 
possible explanation for the emission at A1785, together with 
PI. 

These observations do not enable us to decide between the 
two hypotheses outlined above. The UV continuum seems to be 
the continuation of the optical violet continuum observed during 
outbursts, whose colour temperatures was found to equal 
~ 10,000 K (ref. 3). This temperature is not sufficient to explain 
the presence of the absorption lines of multi-ionised atoms. If we 
assume that the UV continuum is due to an increase in bright- 
ness of the hypothetic companion or that it arises in a hot corona 
surrounding the cool star and which becomes optically thick 
during the active phases then we must assume that mechanical 
energy, liberated during the outburst, is responsible for the high 
degree of ionisation of the gas. In contrast the emission lines 
should form in an extended envelope. The presence of this 
envelope, where hydrogen is mostly ionised, is indicated by the 
strong emission of O I at A1302. In fact Lyg and A1025.77 O1 
have almost the same high excitation potential: therefore, LyB 
emission overpopulates the upper level of 41025 O 1; hence by 
cascade, emissions at A11287, A8446 and Ai302 are 
explained". 

It would be necessary to observe the UV spectrum of CH 
Cygni in periods of quiescence to understand better the nature 
of the companion, if present, and to study the conditions of the 
envelope far from the effects of the outbursts. 

Note that CH Cygni has been observed again with IUE on 11 
March 1979 in the low resolution mode. The spectrum is 
identical with that observed on July 1978, but the flux is 
increased by a factor 1.6 over the whole spectral range 1,200- 
1,900 A. 

This research is based on observations by the IVE collected at 
the Villafranca Satellite Tracking Station of the ESA. I thank all 
the staff of the Villafranca Station for their assistance in observ- 
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Temperature structure of 
the uranian upper atmosphere 


FROM observations of the occultation of the star SAQ158687 
by Uranus on 10 March 1977'?, we have determined the 
temperature structure of its upper atmosphere at two locations 
on the planet. These are the first temperature measurements 
within the 1074-10 mbar range, which lies several scale 
heights above the region probed by IR measurements. Although 
this occultation was noted for the unexpected discovery of the 
uranian rings’ and ring occultations were observed by several 
groups’, an occultation by the planet itself was seen from only 
two observatories—the Kuiper Airborne Observatory (KAO) 
and Cape Town. Here we present the first results from the KAO 
data: the Cape Town results will be discussed elsewhere’. 

The data we obtained with the 91-cm telescope aboard the 
KAO consist of continuous records of the starlight intensity, 
recorded simultaneously at three wavelengths (6,190; 7,280 and 
8,520 A) with a time resolution of 10 ms. These wavelengths, 
which correspond to methane absorption bands in the spectrum 
of Uranus, were chosen to enhance the signal-to-noise ratio of 
the data by discriminating against the background light from 
Uranus’. The immersion and emersion records contained many 
‘spikes’ as were observed during occultations by Jupiter and 
Neptune". A variable component of scattered moonlight, 
amounting to a few per cent of the unocculted stellar intensity, 
was removed from the light curves before analysis. Details of our 
observations are given elsewhere’”’. 

The light curves were analysed by the inversion method of 
French et al.’ to yield the number density, n(h), pressure, p(h), 
and scale height, H (A), of the uranian atmosphere as a function 
of height h in the atmosphere. [Note that inversion of occul- 
tation light requires the validity of certain general assumptions: 
see refs 11~16.] The temperature T(h) was determined through 
the relation T(h) = wgH(h)/R, where u is the mean molecular 
weight of the atmosphere, g is the local gravitational accelera- 
tion and R is the universal gas constant. Here we have set 
g = 830 cm s~”, which corresponds to a rotation period of 24 h, 
and u = 2.2 g mol`’, which corresponds to an atmosphere of 
hydrogen and helium in their solar abundances. At these alti- 
tudes the concentration of methane would be much too low to 
significantly affect the mean molecular weight”. 

The temperature—pressure relationships obtained from the 
immersion and emersion data for our 7,280 A channel are 
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shown in Fig. 1. The shaded region in the upper part of each 
figure represents the initial temperature and its uncertainty 
obtained from the initial conditions that were used to begin the 
numerical inversion of the data. The temperature profiles 
terminate at high pressures (lower altitudes) when the light flux 
has become small enough for the uncertainty in the zero flux 
level to produce a significant error in the profiles. The error bars 
on the profiles are due to the effects of noise in the original light 
curves. The scatter of adjacent points is less than the length of 
the error bars because the photon noise in the light curve 
produces correlated errors in the profiles, as discussed by French 
and Elliot’. 

The temperature profiles in Fig. 1 show peak-to-peak varia- 
tions of 45K for immersion and 35K for emersion. The 
temperature variations at higher altitudes are probably an arte- 
fact of the inversion procedure’*, so that the actual temperature 
variations may be somewhat less than shown in Fig. 1 (parti- 
cularly for emersion). Hence the peak-to-peak variations of 
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Fig. 1 Temperature—pressure relationships for the upper atmos- 
phere of Uranus. The temperature of the upper atmosphere of 
Uranus is plotted against pressure for a, the immersion data and b, 
the emersion data. The mean temperature of each profile is about 
100 K, which shows that Uranus has a temperature inversion 
between 10°* mbar and the 10? mbar level probed by IR 
measurements, where the temperature is 58.5 K. Both profiles 
show wave-like temperature variations, which may be due to 
dynamical or photochemical processes. Nearby points differ by less 
than the calculated error bars because the photon noise in the 
original data produces correlated errors in the temperature—pres- 
sure relationships. (Data from KAO Ch. 2). 


35-45 K must be considered as maximum values. However, we 
believe that a large component of these variations is real and 
indicates that the atmosphere of Uranus is not isothermal in this 
region for three reasons: (1) the same variations occur in the 
temperature profiles derived from all three of our photometric 
channels; (2) the variations are much larger than the error bars, 
indicating that they cannot be attributed to photon noise in the 
data; and (3) similar variations occur in the profiles obtained 
from the Cape Town data. The variations may be due to 
dynamical processes in the atmosphere or photochemical layer- 
ing, as discussed below. 

The temperature gradients are sub-adiabatic everywhere, 
although the gradient near p = 10°* mbar is very close to the dry 
adiabatic gradient. The condensation boundaries for CH,, NH; 
and H-O all lie well to the left of the profile, if we assume that the 
ratio of the number densities of these molecules to the hydrogen 
number density is fixed at the saturation value of the tempera- 
ture minimum at the 100-mbar pressure level. 

The mean temperatures of the region probed by the occul- 
tation events, obtained by averaging the points in each profile, 
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are 109K for immersion and 96K for emersion. We also 
obtained mean temperatures of 122 K and 110 K by fitting a 
model occultation curve’? for an isothermal atmosphere to the 
data, but prefer the mean temperatures obtained from the 
inversion profiles since the atmosphere is definitely not iso- 
thermal in this region. The higher temperature obtained from 
the immersion data may be due to the ‘phase’ of the temperature 
variations and not represent an actual difference between the 
mean temperatures that would be obtained for these two regions 
by averaging over a sufficiently long time or a larger altitude 
range. We note that immersion occurred just before sunrise at 
latitude 4.5° north and emersion occurred just after sunrise at 
latitude 18.1° south. The subsolar latitude at the time of the 
occultation was 51.0° north, and the phase angle was 2.4°. 

Summarising our conclusions about the thermal structure of 
Uranus in the 1074-10” mbar region: (1) the mean temperature 
is about 100 K, (2) the atmosphere is not isothermal and (3) the 
temperature variations are larger in the region sampled by 
immersion than that sampled by the emersion event. 

The mean temperature of 100 K at the occultation level is 
about 40 K higher than the IR temperature, implying that a 
temperature inversion occurs between the 10° and 107° mbar 
levels. The cause of the inversion may be heating of the upper 
atmosphere by methane, as postulated for the models of 
Wallace’’, however, his model temperatures are warmer than 
the temperatures found here. His ‘saturated’ model is in better 
agreement than his ‘supersaturated’ model. Another possible 
explanation for the temperature inversion is the dissipation of 
energy by dynamical processes, if these are the cause of the 
observed temperature variations. However, the problem with 
this mechanism is that the possible dynamical processes 
identified so far would heat the atmosphere to a temperature 
well above the observed value’. 





Table 1 Temperatures of Uranus and Neptune 





Uranus Neptune 

Mean distance from Sun 19.2 AU 30.1 AU 
Effective temperature §8.54t2K 59.744K 

(IR, p~ 10° mbar) (ref. 22) (ref. 22) 
Occultation temperature 

{p ~ 107? mbar) 100 K 140K 

(refs 25-27) 
Heating mechanism at p~10°° mbar CH, (?) CH, (7) 
(ref. 20) (ref. 20) 

Temperature variations (peak-to- 35-45 K* 5-25K 

peak) at p ~ 107° mbar (refs 25, 26)* 
Origin of temperature variations ? (ref. 21)  ? (ref. 21) 





* Maximum value, see text for discussion 


The thermal structure of Uranus is somewhat different from 
that of Neptune, as is shown by the summary of IR and occul- 
tation temperatures in Table 1. Both planets have nearly the 
same effective temperatures, and this has been interpreted as 
showing that Neptune radiates about 2.8 times the energy it 
receives for the Sun, while Uranus radiates no more than 1.23 
times the energy than it receives?” If Uranus has any internal 
heat source at all, it must be a smaller fraction of the solar energy 
received than the internal heat sources of the other giant 
planets”**. The temperature inversion between the regions 
probed by IR and occultation measurements is much greater for 
Neptune than for Uranus. This is consistent with the conclusions 
of Gillett and Rieke'’, who found a stronger temperature 
inversion for Neptune on the basis of methane and ethane 
emission at 8 and 12 um. 

Both planets show temperature variations in the region 
probed by occultations. However, the cause of the variable 
temperatures and their relationship to radiative processes 
occurring in the upper atmospheres of these planets remain 
unknown. 

We thank C. M. Gillespie, Jr and the crew of the Kuiper 
Airborne Observatory for their assistance and cooperation, and 
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Electric currents in power 
transmission line 
induced by auroral activity 


SURGES of electric currents induced by auroral activity were 
first observed in the middle of the last century in the wires of the 
electric telegraph'’. In more recent years, auroral effects on 
long conductors, such as electric power transmission systems, 
telephone cables and oil pipelines, have attracted much atten- 
tion because of various problems caused by these currents’. We 
report here measurements of the currents in a local power 
transmission line between Healy and Fairbanks and show that 
some of the fluctuations are aurorally induced. 

The electric currents (induced by auroral activity) are caused 
by transient geomagnetic field variations which arise from 
concentrated ionospheric currents, called the auroral elec- 
trojets. Since the Earth is a spherical conductor, during intense 
auroral activity transient magnetic variations caused by the 
growth and decay or a rapid movement of the electrojet produce 
an induced Earth-surface potential. The induced potential in 
turn produces currents in a conductor, such as power, com- 
munication or pipeline systems, that are grounded to the Earth 
at two separate points”. 

This induction effect is greatly complicated by various factors, 
such as the geometry of the conductor system with respect to the 
auroral electrojet and the geological structure in the vicinity of 
the conductors’. These effects are difficult to quantify in model- 
ling the induction effect. Thus, to understand effects of the 
induced currents on powerline systems, the magnitude of the 
current must first be determined experimentally and the rela- 
tionship between characteristics of geomagnetic variations and 
the induced currents in power line systems examined. However, 
no previous report has demonstrated clearly that some of the 
disturbances in power transmission lines are caused by auroral 
activity on the basis of simultaneous power line records and 
auroral activity records. 
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Fig.1 Comparison of the induced current in the Healy-Fairbanks power line transmission with the north-south component of the Earth current 
monitored in the same vicinity, and the H component magnetic records; 02.10 UT, 29 September, 1978 (16.24 AST, 28 September, 1978); AST, 
Alaska standard time. 
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Fig. 2 As for Fig. 1; 10.19 UT, 29 September, 1978 (0.9 AST, 29 September, 1978). 
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We have therefore begun to monitor the induced current in a 
local power transmission line (138 kV, 100 A) in the vicinity of 
Fairbanks, Alaska, along a grounded neutral transmission line 
between Healy (the generator site) and Fairbanks, of length of 
166 km. 

Figures 1 and 2 show both the induced current in the Healy- 
Fairbanks transmission line at one of the transformer sites 
(substations) in Fairbanks. We show here the simultaneous H 
component magnetic record and the induced electric field 
(commonly referred to as ‘the earth or telluric current’) record 
taken in Fairbanks as indicators of auroral activity and the 
auroral electrojet. By comparing the induced current in the 
Healy—Fairbanks transmission line and the Earth current record 
it is obvious that the fluctuating currents in the transmission line 
were induced by the auroral induction. The corresponding 
negative excursions in the H component magnetic record 
indicate that auroral substorms were in progress during the 
intense indication events (see ref. 7 and note also that the 
induction at 03 UT was caused by the sudden commencement of 
the storm of 29-30 September, 1978). 

In the Fairbanks area, multiple ground points exist, making 
the measurement of the total induced current difficult. By 
developing a model of the grounding network, however, we 
have been able to determine approximately the total current 
flowing in the Healy—Fairbanks line from our measurement at 
the substation. On the basis of our measurement and the model 
study, it is indicated that excursions of +4 A recorded at the 
substation would represent +8 A d.c. flowing in the transmission 
line. 

The voltage and current induced in a transmission line are 
proportional to its length. In spite of the severity of magnetic 
disturbances in the auroral zone, the Healy~Fairbanks trans- 
mission line has escaped major troubles from the induction 
effects in the past because of its relatively short length. A 
transmission line across the auroral zone of length more than 
500 km will require a careful design to overcome the difficulties 
caused by the induced currents. 

We thank the personnel of Golden Valley Electric Asso- 
ciation, Fairbanks, Alaska, for their cooperation in this study. 
The results reported here were supported by the ERDA 
Contract AT(45-—1)2096, Task 5. 
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Analysis for “N by proton scattering 


STABLE isotopes have a great potential as tracers in the life 
sciences and environmental research, but their uses are still 
limited compared with those of radioisotopes. Radioisotopes 
have been widely used as trace elements, although there are 
problems in handling radioactive materials and preventing 
environmental contamination. The increasing concern about 
exposure to small amounts of radioactivity has caused us to 
consider the advantages of stable isotopes. The detection of 
stable isotopes, however, is not as sensitive as that for radio- 
active tracers and the preparation of a sample for use in stable 
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Fig. 1 Typical spectrum of protons scattered by IN in 

methionine-enriched 95% in '°N. ‘°N-methionine was suspended 

in the 1/20-diluted Physarum cell to 5 mg mi” '. The target back- 

ing in a diameter of 12 mm was coated with 5 jl of the specimen. 

The target was bombarded at 6.70 MeV with an exposure of 
37.9 pC. 


isotope analysis is complicated. We have looked at the possi- 
bility of using a nuclear reaction caused by accelerated charged 
particles as a way of detecting stable isotopes. We have 
developed a system of stable isotope analysis using proton 
elastic scattering. Elastic scattering was chosen because the 
cross-sections are generally an order of magnitude larger than 
that of other reactions. Moreover, proton elastic scattering 
analysis has many advantages which are absolute, multi- 
element, rapid and subject to automatic data handling. Using 
this method an analysis for ĈN has been done for biological 
studies. Nitrogen is an important component of various organic 
compounds which occur naturally but it has no long-lived 
radioactive isotopes. Here we outline the new system, and give 
an example of '*N analysis. 

A system for '°N-labelled compounds has been developed 
using proton beams of the Tandem accelerator at the Research 
Center for Nuclear Science and Technology, the University of 
Tokyo. A clear peak of `N in the energy dispersion of elastically 
scattered protons must be obtained for even a small quantity of 
the isotope. For this, an optimum experimental condition of 
incident energy, scattered angle, beam collimation, solid angle 
subtended by detector and pulse height analysis system, especi- 
ally, pile-up rejection system must be found. Incident proton 
energies were selected on the basis of the excitation functions’? 
of ‘*N(p, p)'5N and of '*O(p, p)'6O. Because '°O concentrations 
in natural biological samples are three orders of magnitute 
higher than that of *°N, the peak of the elastically scattered 
protons by '°O is too high and the tail of the '°O peak masks the 
peak of '°N. Thus, incident energies with low cross-sections for 
‘6Q(p, p)'©O have been selected using the excitation function 
data’. In addition, **N(p, p)'°N excitation function was also 
compared to avoid undesirably low yield of the proton by `N. 
We have therefore chosen several incident energies, 5.30, 5.82, 
6.00, 6.30, 6.40 and 6.70 MeV, and have obtained spectra with 
test samples as described in the legend to Fig. 1. The incident 
energies of 5.82 and 6.70 MeV were selected because of a higher 
yield of the protons from ‘*N at 5.82 MeV and because of the 
clear separation of ‘°N peak from ‘°O at 6.70 MeV. 

We used a scattering chamber with a Si solid-state detector as 
the detection system for elastic scattering protons. The detector 
was placed 191 mm away from the target and at 165° to the 
beam direction. Although an angle of 180° would be desirable 
for sufficient energy separation to resolve ‘°N peak from `O 
peak, a scattering angle of 165° was selected because of 
geometrical limitation. The defining slit of the detector was 
9 mm in diameter and the solid angle subtended by the detector 
was 1.74x10°* sr. To prevent background counts due to an 
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accumulation of proton pulses from C or °C involved in 
backing materials, a ‘pile-up inspector’ was used. The scattered 
proton spectrum was recorded using a pulse height analyser. 
Backing material should not contain any element heavier than 
N, since protons scattered by heavier elements could easily 
result in increased background counts in lighter mass region. 
Thus, carbon foil, polyethylene and polypropylene films are 
chosen because of the thickness of available films and their 
constituent elements of carbon and hydrogen. Polyethylene 
films were normally used because they are thin (10 um thick), 
commerically available at a low cost, and samples can be easily 
spread on them. 

Plasmodium of Physarum polycephalum were used for testing 
as it was being incubated in our laboratory’. Microplasmodia 
were incubated with semi-defined or synthetic medium*. The 
microplasmodia were collected by centrifugation, washed twice 
in water and diluted with water to a concentration of 1/20~1/10. 
The microplasmodia were then sonicated with an ultrasonic 
sonicator. The sonicated sample, volume 5~20 41, was dropped 
onto the backing by pipette, spread homogeneously on the 
backing material and dried. 

Standard samples were prepared to compare yield ratios for 
the proton elastically scattered by '°N with respect to given 
concentrations of ‘“N-methionine. DL-methionine, enriched to 
95% in N, was used. The ‘*N-methionine was suspended in 
sonicated microplasmodia which were prepared from culture on 
nutrient medium, and spread on polyethylene backings. 
Suspension in the sonicated microplasmodia was necessary 
because the methionine suspended in water could not be spread 
homogeneously onto the backing. 

A typical spectrum is shown in Fig. 1. The peak of '°N was 
clearly separated from that of ‘°O or of ‘N. The peak of ”S 
appeared clearly, which consisted of protons mainly from those 
in the methionine added. The spectra of YC and PC were 
dominated by protons from those isotopes in the polyethylene 
backing. The peak of '*N was due to protons mainly from '*N in 
crude lysate of the cell. The ‘*N counts were used as normalisa- 
tion factor after the correction due to the contribution from '*N 
in the added methionine. Counting ratios of '°N/'*N are plotted 
as a function of '*N concentrations in Fig. 2. A linear relation- 
ship holds between '*N yields and added '°N concentrations. 


2.0 * 
2 
p 
Z. 
3 
Z 1.0 ‘ 

0 

G 0.5 1.0 1.5 


Concentration of added '°N (ug d`’) 


Fig. 2 A linear relationship between proton yields and ` N 
concentrations. 


An example of a proton spectrum for a sample containing 
‘°N-labelled compound is shown in Fig. 3. The sample was 
prepared from microplasmodia of Physarum, which had been 
incubated in the defined medium* supplimented with N- 
methionine (95% in '°N), Twice washed microplasmodia were 
sonicated and spread onto the polyethylene backing. The speci- 
men was bombarded at 6.70 MeV with a total exposure of 
59 uC. The separated peaks of “N, N and O appeared 
clearly. Peaks corresponding to 7°Na+**Mg, *'P+ 3S, 3°37C] 
and K + “°Ca are also discernible. 


0028~-0836/79/0279-—0311$01.00 


311 


Counts per channel 





s50 aj 600 625 650 675 
Channel no. 


Fig. 3 Typical spectrum of protons by a bombardment of Phy- 
sarum cell incubated with '’N-methionine. 


The present method has advantages in that it can easily 
compare the abundance ratio of several elements and easily 
prepare samples. Even with a natural concentration of '°N, a 
peak of '°N was discernible and analyses for such samples are 
thought to be possible. However, to save time the solid angle of 
the detector must be increased. Further work is in progress to 
improve the system and to apply the system to the **O analysis of 
biological samples. 

We thank Dr Y. Yano for the preparation of the carbon foils. 
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Evidence for the presence 
of Freon 21 in the atmosphere 


MONITORING of trace constituents of the atmosphere is 
becoming increasingly important because of the implications on 
the quality of life of growing concentrations of several 
compounds which, after industrial use, are released to the 
atmosphere. In particular, concentrations of Freons and other 
halocarbons need to be checked because of the problem of 
ozone depletion’. Recently, the search for tropospheric sinks 
of Freons has been considered in connection with the contro- 
versy about withdrawing such compounds from the market. The 
hypothesis that F21 (CHCI,F), which has no industrial use and 
apparently is only produced as an impurity of F12 (CCIF,), 
could be a decomposition product of F11, has been made by 
several workers”, However, detection and quantitative analysis 
of this compound in the atmosphere is extremely difficult 
because: (1) it is present in extremely low concentration’; (2) gas 
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chromatography (GC) separation from other halocarbons is 
dificult; (3) there are several interferences and sample 
contamination may easily occur. The presence of F21 in the 
atmosphere, although detected in several researches, is there- 
fore still uncertain. Moreover, due to the sampling techniques 
used, which do not use strong sample concentration, to our 
knowledge no GC~—mass spectrometry experiments have been 
reported. We report here the results obtained using GC~mass 
fragmentography for the analysis of F21 in atmospheric samples 
of country areas in the regions of Urbino and Rome. 

The sampling techhnique, the elimination of artefacts due to 
impurities present in the carrier gas and trapping efficiency have 
been described elsewhere’. Between 5 and 201 of air were 
passed through a stainless steel trap containing Carbopack B, a 
graphitised carbon black (80-100 mesh), kept at the tempera- 
ture of dry ice (about —90 °C), so that the break-through volume 
of F21 and other lighter halocarbons was higher than the 
amount of air sampled. 

The GC was equipped with an oven where the trap was placed 
and heated to 200 °C. Injection into the column was by means of 
the heating-stripping technique, described elsewhere’. 

Our major problem with the halocarbon analysis was to devise 
a suitable column to obtain a complete separation of all these 
compounds, for the reasons stated above. In particular, the 
separation of F21 from CHsl is important for the determination 
of the F21 concentration in the atmosphere. The column used 
for this purpose consists of Carbopack B 80-100 mesh coated 
with 0.5% SP1000, a polar acidic liquid phase. This choice was 
made for two reasons. First, we use the outstanding selectivity of 
gas~liquid~solid chromatography, where the driving force of the 
chromatographic process is molecular polarisability, which in 
several cases is independent of the vapour pressure. Second, the 
modifications induced by rather low amounts of a polar liquid 
phase do not affect the selectivity towards non-polar compounds 
such as halocarbons. 

Furthermore, by choosing an appropriate amount of liquid 
phase, the separation factors may be adjusted to the particular 
analysis required. 

Rasmussen et al.° have reported the analysis of halocarbons 
trapped from 301 of air in a suburban zone, showing that F21 is 
well separated from all the other halocarbons. 

A major difficulty of quantitative analysis of halocarbons in 
the atmosphere is that some of these compounds are contained 
as ultra-trace impurities in high purity commercial gases. This 
problem has been solved by further purification of the carrier gas 
using a dry ice~acetone trap, and by purging the sampling traps 
with the purified gas before use. 

Experiments have also been performed to see whether F21 
could be an artefact due to sample treatment before GC analy- 
sis. A mixture of all C,-C, halocarbons except F21 was inserted 
in the trap and stripped at 170 °C. The resulting chromatogram 
did not show any peak with the retention time assigned to F21. 

Mass fragmentography was performed using a VG/MM 305 
mass spectrometer equipped with a jet separator and a data 
acquisition system. 

Values of m/e 67, 69, 83, 85, 87, were monitored and the 
relative abundances of these fragments were found to be consis- 
tent with the mass spectrum of F21. 

An accurate determination of the atmospheric concentration 
of F21 is not yet possible. However, it has been estimated to 
range between 10 and 20 p.p.t. v/v. 





Table 1 Relative concentration of F21 in the atmosphere of Rome and 





Urbino from GC data 
Sample Peak Relative 

Sample vol area Electrometer concentra- 

no. Location (D (cmô\ attenuation tion 
1,2,3,4 Urbino 20 1.34 x512 1.00 
5,6,7 Urbino 10 1.62 x256 1.20 
8,9,10 Rome 10 1.20 x256 0.97 
11, 12, 13 Rome 5 0.57 x256 0.85 
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Fig.1 Mass fragmentograms of a reference sample of F21 (a) and 
of the peak with the same retention time in an actual air sample (b). 
Computer output of the data. For details see text. 


Table 1 shows the relative concentrations of F21 found in 
different samples from several locations. For each location the 
peak area is the arithmetic mean of the measurements made. 
Measurements within each location scatter about 20%, which is 
about the same as that found among measurements in different 
sites. Thus, it can be stated that, within the experimental errors, 
the concentration of F21 is fairly constant. 

The computer output of the GC-MF analysis of one of the 
atmospheric samples is shown in Fig. 1: (a) refers to the standard 
F21 and (b) to the peak with the same retention time in an actual 
mixture of halocarbons trapped in the Urbino environment (20 | 
of air). 

Fifteen samples trapped both in Rome and in Urbino have 
been analysed by GC~-mass fragmentography and F21 was 
found to be present in each sample. The results of these experi- 
ments show that F21 is actually present in the atmosphere and 
cannot be considered as an experimental artefact. 

This research was partially supported by EEC under contract 
no. 214-77-1 ENV I. We thank B. N. Green (VG Organic, 
Altrincham) and his staff for help with mass spectrometry. 
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India and Madagascar in 
Gondwanaland based 
on matching Precambrian lineaments 


THE geometrical fit of Madagascar against India has been 
widely accepted in most reconstructions of Gondwanaland’. 
This fit is consistent with Precambrian trends, lithologies and age 
provinces?™?. Palaeomagnetic data also support the general fit of 
Madagascar against India*, and there are suggestions that this 
reassembly can be recognised as far back as Proterozoic times’. 
The exact fit of east Madagascar and west India has not been 
adequately defined. Recent knowledge of the Precambrian 
geology and tectonics, has now allowed the possibility of better 
defining this fit, mainly on the basis of matching Precambrian 
re-entrant lineaments. The east coastline of Madagascar is a 
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Fig. 1 India~Madagascar fit based on matching and Bhavani- 
Itremo lineaments. Areas in Madagascar outlined on the east coast 
are dated as Archaean and could possibly represent a craton. 
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rectilinear feature, with a narrow shelf of 25-50 km and an best available sections’. A 1:2,500,000 conical projection was 


abrupt steep break in slope after the 1,000-m isobath. The used to prepare a distortion-free, equidistance base map of both 
proposed opposing coastline of west India is also rectilinear with Madagascar and India (Fig. 1). 


a wider shelf of 100 km and a shelf break down to the 1,000-m The Archaean terrain of south India consists of a craton, 
isobath. The 1,000-m isobath of India was receded towards the greenstone~gneiss complex surrounded by a charnockite mobile 
coastline by removing the post drift sediments, according to the belt’. Basement gneisses have been dated as old as 3,200 Myr 
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Fig. 2 India-Madagascar fit based on matching the Bhavani- A í 

Ranotsara-Ranomena lineament. The Narmada-Son lineament is 

continuous with a new lineament in northern Madagascar, shown 
here. 
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and old greenstones in the craton are about 3,000 Myr. Char- 
nockite metamorphism in the mobile belt has been dated at 
about 2,800 Myr. Younger greenstones in the craton are about 
2,600 Myr, and the granites have been dated at about 
2,500 Myr. Proterozoic dates recorded in both the craton and 
mobile belt reflect later periodic events at about 2,000 Myr, 
1,600 Myr and 900-600 Myr. The Archaean of Madagascar 
consists of the charnockitic complex of southern Madagascar, 
and a patchy distribution along the east coast”. The widely 
distributed Archaean dates suggest that most Precambrian 
Madagascar has an Archaean history. A strong Proterozoic 
overprint has masked this proposed widespread Archaean 
event. In contrast to India, no cratonic greenstone complexes 
are recognised and most of the rocks appear to belong to a 
charnockitic mobile belt”. The observation that the Indian cra- 
ton is girdled by a charnockitic mobile belt seems substantiated 
by the evidence emerging from the proposed Madagascar- 
Indian relationships in Precambrian Gondwanaland. The only 
regional lithological correlations between south India and 
Madagascar are a charnockitic-gneiss mobile belt containing 
many anorthosite-gabbro bodies, that sweep around the south- 
ern and western margins of the Indian craton. The structural 
trend lines of the mobile belt recognised in south India can be 
traced into its equivalent in Madagascar*" (Fig. 1). 

From the economic viewpoint neither south India nor 
Madagascar are intensely mineralised. The paucity of mineral 
deposits recorded is not a conclusive indication of all overall 
poor mineral potential, as the tropical rain forest conditions and 
the rather attenuated exploration efforts in the past have 
undoubtedly contributed to a poor mining development. The 
metallogenesis of most of south India and Madagascar is restric- 
ted to silicates and oxides related to their common mobile belt 
tectonic setting. Similarily, the essentially gold—sulphide 
mineralisation of the Indian craton are not significantly 
represented in Madagascar. Several small mineral occurrences 
are known and occasionally exploited, and their consistence 
appears to be more than coincidental. Among the most obvious 
are the marine beach placers of monazite, zircon, ilmenite and 
rutile derived from the hinterland charnockitic massifs, the 
niobium-cerium mineralisation found associated with linea- 
ments in Madagascar and south India, and the chromite, 
graphite, phlogopite and garnet occurrences. 

Lineaments thought to penetrate the Indian~Madagascar 
parts of Gondwanaland have been used to define a fit'’. The 
Narmada~Son lineament of northern India has been traced into 
northern Madagascar’. Other fundamental Precambrian 
lineaments recently described from south India and Madagascar 
can be utilised to define a more exact fit. In particular, the 
Bhavani lineament of south India’? is compared to two 
important lineaments in Madagascar, the Itremo lineament of 
central Madagascar”’’, and the Ranotsara~Ranomena linea- 
ment of south Madagascar”. (Fig. 1). The fits described are 
compatible with the reconstruction models of Gondwanaland. 
The 1,000-m isobath of Madagascar is placed up against the 
receded 1,000-m isobath of India. This allows about 100 km of 
intervening continental shelf separating the opposing coastlines. 
Madagascar is translated relative to India along this line until the 
best fit is obtained in regard to geometry, bathymetry, age and 
lithological, structural and tectonic relationships. To define the 
tectonic line of reference, the Bhavani lineament was chosen. 
This lineament is a re-entrant feature from the Indian coastline 
and can be followed in a curvilinear trace to the north-east for 
about 500 km. The Bhavani lineament has been recognised as 
having an important role in the Precambrian tectonic evolution 
of south India‘’, and also controls the emplacement of alkali 
intrusives, including carbonatites and ultrabasics'*. A similar 
lineament has been described from central Madagascar, here 
termed the Itremo lineament”’*. Several alkaline intrusions 
have also been recognised along the Itremo lineament. If the 
Itremo-Bhavani lineaments are matched, a penetrative, curvi- 
linear feature can be traced across the Indian~Madagascar 
mobile belt (Fig. 1). Another possible fit is to match the Bhavani 
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lineament with a more distinctive lineament in south Madagas- 
car, termed the Ranotsara~Ranomena lineament’ (Fig. 2). The 
Ranotsara~Ranomena lineament is a major discontinuity 
separating the southern charnockitic block from the gneiss 
terrain to the north. The matching of the Bhavani—Ranotsara— 
Ranomena lineaments also satisfies many of the geological 
criteria set out above. 

There is not yet enough information to establish, with 
certainty, which fit is best. If the Bhavani-Itremo fit is selected, it 
defines a major lineament which apparently controlled the 
emplacement of alkali intrusives and carbonatites. This fit also 
satisfies the geometrical and bathymetrical relationships. The 
Ranotsara~Ranomena lineament on extension into India can 
control continental margin features on the south coastline of 
India (Fig. 1). On the other hand, the Bhavani~Ranotsara— 
Ranomena fit also satisfies similar criteria. The Itremo linea- 
ment could still extend into India, as similar tectonic lines have 
been recognised from LANDSAT as re-entrants from the coast 
of west India’*. In addition, the Narmada-Son lineament of 
northern India lines up with a new lineament recognised in 
northern Madagascar” (Fig. 2). Both of these reconstructions 
define major, penetrative curvilineaments that could have 
controlled small circle, prototransform directions in the Indian- 
Madagascar mobile belt, that contributed to the rifting of India 
from the Madagascar—African plate in Cretaceous times. The 
position of rifting also indicates possible control by the structural 
trends of the mobile belt and the presence of granulite facies 
charnockitic rocks'®. 
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Short-term climate change and New 
Zealand temperatures 
during the last millennium 


MANY theories have been proposed to explain the 
climatic fluctuations which produced the sequence of glacial- 
interglacial periods of the order of tens of thousands of years 
which have occurred throughout the Quaternary. These fluctu- 
ations represent temperature changes in the temperate regions 
of about 6°C between a glacial and an interglacial situation. 
There are also climatic fluctuations with a period of the order of 
about a thousand years representing temperature changes of 
about 2 °C. These changes are believed to have had an important 
bearing on human history, but have been little studied because it 
is difficult to obtain accurate temperature records for past 
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periods. Shorter temperature fluctuations of the order of a few 
decades, and representing temperature changes of perhaps as 
much as one degree, are of considerable economic importance 
and merge into the developing field of long-term meteorological 
forecasting. Considerable interest has recently developed in 
short-term climate changes. If detailed long-term climatic 
records could be obtained for extended periods in the past it 
might be possible to determine the causes for the climatic 
variation, and hence predict future climate trends. Even a 
knowledge of how hot/cold or dry/wet a particular region’s 
climate could become, and with what probability, would be of 
considerable economic value to planners involved in hydro- 
electric development, irrigation schemes, snow clearance and 
the development of arid and polar regions. At present instru- 
mental records have existed only since the mid-seventeenth 
century for central England, and for most other areas only over a 
little more than a century. Cave deposits (speleothems) provide 
stratigraphy which has a high inherent time resolution. Data for 
studying short-term temperature fluctuations can be obtained 
by measuring the °O/?°O ratio of suitable stalagmites’. This 
technique should enable a high resolution temperature curve to 
be produced for many regions of the globe. We report here an 
investigation on the ‘*O/'°O profile through a New Zealand 
stalagmite which was undertaken partly to evaluate the feasi- 
bility of obtaining high time resolution data from speleothem 
material and partly to compare the temperature record from 
New Zealand (in the Southern Hemisphere and a region 
meteorologically unrelated to Europe) with the English climate 
curve, which is the most firmly established climate curve for the 
last millennium. Such proxy data given us the possibility of 
obtaining long-term high resolution temperature records from 
some of the critical regions of the world where meteorological 
records either do not exist or are of very short duration. 

Long-term climatic fluctuations such as glacial-interglacial 
sequences have been studied by measuring the oxygen isotopic 
ratios in the carbonate from the foraminifera found in deep sea 
cores (see, for example, ref. 2). The movements of bottom living 
organisms and low sedimentation rates, however, limit the time 
resolution obtainable from most of these cores to about 
3,000 yr. It may, however, be possible to carry out similar work 
in suitable regions of very high sedimentation rate and to obtain 
data for studies of short-term temperature fluctuations at least in 
more recent times. 

Tree rings are another possibility for obtaining high resolution 
palaeoclimatic information (see, for example, ref. 3). 
Dendrochronology provides us with stratigraphic sequences, 
sometimes of considerable length, which can be obtained from 
many parts of the world. The bristlecone pine chronology from 
the White Mountains in California, for example, has a length of 
some seven millennia*. The isotopic-geochemical problems are 
formidable but a time resolution better than one year and 
absolute dating system accurate to one year could be obtained. 

The work described here exploits the stratigraphy present in 
cave deposits where the chemistry is simple but the dating is less 
certain than with tree rings. It may eventually be possible to 
combine information from both sources and use the tree-ring 
record to confirm and correct the speleothem time scale. 

If it can be assumed that a stalagmite has been laid down in 
isotopic equilibrium with the water then the oxygen isotope ratio 
of its calcite is controlled by two factors’: (1) the isotopic 
composition of the water flowing into the cave; and (2) the 
temperature at which the calcite is deposited on the speleothem, 
which for many caves can be taken as the mean annual tempera- 
ture. The isotopic fractionation of the oxygen isotopes between 
calcite and water will increase by 0.024% as the temperature of 
deposition decreases by 1°C. As existing mass spectrometric 
techniques enable relative measurements of 18Q/'°O to be made 
to 0.0025%, one should be able to obtain palaeotemperature 
curves to 0.1 °C and this should be useful for studying short-term 
climatic fluctuations. 

The '*0/'*O composition of the atmospheric precipitation 
percolating into the cave is determined first by the isotopic 
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composition of the oceans. This changes between the glacial and 
interglacial situation due to the removal of water depleted in ““O 
and its deposition on the ice sheets; however, this effect is 
negligible for the short-term temperature fluctuations in the 
present study. The second effect is caused by the temperature 
difference between the region of evaporation and the area under 
study. This effect tends to work in the opposite direction to the 
effect of temperature and hence would tend to reduce any 
fluctuations due to temperature. However, if tropical stalag- 
mites are measured they should give temperature changes of the 
tropics directly. Further comparison between stalagmites from 
tropical and temperate regions will give a plot of changes in 
temperature differences during time and hence a record of past 
latitudinal temperature gradients. Such data could provide a 
measure of the intensity of the zonal atmospheric circulation in 
the past and throw light on such problems as loess deposition 
and sand dune formation and even provide interesting 
archaeological information. 
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Fig. 1 *“C data from which the stalagmite was dated. Horizontal 
bars represent areas of the stalagmite sampled. Vertical bars 
represent + one standard deviation of the HC determination. 


Gathering any palaeoclimatic data from stratigraphy involves 
some dating method. In the case of speleothems this can be 
achieved for the past 35,000 years by ‘“C dating. However, the 
carbon laid down as carbonate on a stalagmite contains a 
mixture of ancient carbon from the limestone carbonate, which 
contains essentially no '*C, and modern carbon respired by plant 
roots. The calcium in solution has been dissolved from the 
limestone according to 


H,O+CO,+CaCO, = Ca**+2HCO; 


Assuming that saturation is reached as the CO, solution 
percolates through the limestone and into the cave then a little 
more than half the carbon in the resultant solution would be of 
recent biogenic origin and a little less than half derived from 
limestone“. This theoretical situation is not always the case (for 
example, the Twin Forks stalagmite). This is due to the exchange 
of carbon dioxide with cave air. Hendy” has described how such 
corrections can be made using '°C/'*C ratios. In the case of a 
stalagmite which is still growing when collected, an even more 
accurate estimate can be made by determining the ““C content of 
the outer layer of the stalagmite. Other methods such as ther- 
moluminescence are also potentially useful for dating a material 
such as calcite. Several samples must be dated across the 
stalagmite to correct for any variation in growth rate of the 
stalagmite during the time under investigation. 

We examined a stalagmite from a cave in north-west Nelson 
lat 40°40’ S, long 172°26’ E and growing at an altitude of about 
50m above sea level. The stalagmite was taken near a 
meteorological station which has a present-day mean tempera- 
ture of 12.2 °C (ref. 6). The stalagmite was sectioned and 30-g 
samples taken for ‘“C determination to provide a time base. 
These data are presented in Fig. 1. Samples (~50 mg) were also 
taken at regular intervals down the axis of the stalagmite for 
isotopic analysis with a 1.6-mm steel drill. Five 10-mg aliquots 
of each of the samples of calcite were reacted with 100% 
phosphoric acid at 25.0+0.1°C in evacuated glass reaction 
vessels. The carbon dioxide was purified’ and the ratios of mass 


Nature Vol, 279 24 May 1979 


45 to (mass 44+ mass 46) and mass 46 to (mass 44 + mass 45) 
were compared with a sample of carbon dioxide prepared from 
Te Kuiti limestone* on a Nuclides Analysis Associates 60° 
double collector mass spectrometer. The '°O/'°O ratio is 
reported as 5'°O with respect to the international standard 
PDB*, where 


18 16 18 16 
O/ Omaa O/ Oppe» 
HOSO ooa 
{ ) 


The mean values of the 5‘*O are plotted in Fig. 2, the error bars 
represent one standard deviation of each particular set of 
measurements. In such a study the '°C/'*C ratio must be plotted 
against the '“O/'°O ratio to ensure that they do not correlate 
and hence confirm that the stalagmite was laid down in condi- 
tions of isotopic equilibrium’. The results of these data are 
combined as a palaeotemperature curve on Fig. 3 and compared 
with Lamb’s curve for central England”. 

The curve has been scaled in terms of temperature as we know 
the temperature at which the stalagmite was growing when 
collected and the temperature change for the last cold period in 
New Zealand. This cold period occurred during the first decade 
of this century and was recorded by direct instrumental obser- 
vations. As the above estimate agrees well with the known 
temperature dependence of the fractionation factor of calcite, it 
suggests that little or no change in the groundwater composition 
has taken place and the isotope fluctuations in the stalagmite 
studied seem to be mainly due to temperature changes. 

These very preliminary results nrainly investigate the poten- 
tial of stalagmites to study short-term temperature variations. 
Clearly, many stalagmites should be taken from different caves 
in different parts of New Zealand. However, the temperature 
curve for New Zealand is apparently broadly similar to England 
and such climatic fluctuations as the Mediaeval Warm Period 
and Little Ice Age are not just a local European phenomenon. 

It seems from the temperature curve that the cooling in New 
Zealand has been delayed and is generally more rapid than in 
central England. This may be caused by dating errors. The 
temperature is known better than the actual date of the New 
Zealand curve whereas the date is known accurately from 
historical records but the temperature may be in error for the 
English curve. However, the past 100 yr of the curve agree well 
with New Zealand meteorological records’® and not the English 
temperature curve during the same period. Whereas the 
temperature of England since the 1940s has fallen significantly’ 
the mean New Zealand temperature is still climbing"”. 

An interesting feature of the curve is that in recent times 
samples representing times as short as 10 yr were measured. 
Because the hole drilled in the stalagmite is circular in section 
more calcite is obtained from the central years of the time span 
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Fig. 2. '*O/'*O profile through the stalagmite expressed in % 
deviation from the international isotope standard PDB (Pee Dee 
Belemnite). The temperature scale on the left has been estimated 
using the modern day mean temperature for the region from which 
the stalagmite came and the known temperature fractionation of 
the calcite water system. The error bars represent one standard 
deviation of each particular set of measurements. The solid curve is 
the 50-yr running mean. 
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Fig.3 The 50-yr running mean curve (a) from Fig. 2 is compared 
with that from central England ($b) given by Lamb, ref. 9. 


with progressively less as the extremes are approached. A 
limiting factor to the time resolution of the technique is that 
winter precipitation is more depleted in O than summer 
precipitation. If there is more winter growth than summer or 
vice versa the point will be displaced upwards or downwards 
respectively. This effect only becomes significant when a small 
number of years is sampled. The problem could be overcome by 
drilling out many samples along a growth line and mixing them. 
However, this study shows that the technique is capable of a time 
resolution of only a few years and is apparently limited only by 
the winter/summer sampling problem. As can be seen from the 
New Zealand temperature curve, the very rapid temperature 
drop in the fourteenth century may well have had a catastrophic 
effect on the Polynesian agriculture, based as it was on the 
tropical food plants (taro and kumera) in all except the very 
north of the North Island. It is probably no coincidence that the 
Polynesian exploration of the South Pacific came to an end at 
this time. As has been discussed in an earlier paper’* a cooling 
might be expected to lead to steeper latitudinal temperature 
gradients and hence to a more violent climate. The loss of 
travellers by the increase in frequency of more violent storms 
would effectively discourage further exploration. 

We thank the New Zealand Institute of Nuclear Science for 
use of their mass spectrometer and for financial support to 
C.H.H. 
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Effect of rapid precipitation of 
dissolved Mn in river 
water on estuarine Mn distributions 


ALTHOUGH the general characteristics of estuarine chemical 
behaviour can be deduced from distributional data’, there is an 
urgent need for greater understanding of the mechanisms and 
kinetics of the processes involved to assist the development of 
precise geochemical cycling models and to allow accurate pre- 
dictions of the consequences of waste disposal into estuaries and 
inland waters. Manganese is of particular importance in this 
respect because, as well as exhibiting pronounced reactivity 
within estuaries’, the highly absorptive properties of parti- 
culate and colloidal manganese oxide phases may contribute 
significantly to the estuarine behaviour of many other trace 
metals”. We show here how measurements of the effects of 
suspended particles and salinity on the rate of precipitation of 
dissolved manganese can lead to an explanation of the temporal 
and geographical variability in the distribution of dissolved 
manganese in an estuarine system. 

During investigations of the distribution of manganese in the 
Tamar Estuary, South-west England, we have occasionally 
encountered a minimum in dissolved manganese (which can fall 
below 1 wgl~') in the freshwater immediately above the salt 
wedge. Such minima invariably coincide with high concen- 
trations of suspended particulates produced by intrusion of the 
estuarine turbidity maximum into the freshwater. Upstream of 
the limit of this intrusion, dissolved manganese concentrations 
are usually within the range 20-60 ug 1”. These results indicate 
a rapid removal of dissolved manganese by the suspended 
particles. A study of this process has demonstrated zero-order 
reaction kinetics with respect to dissolved manganese in fresh- 
water and has provided evidence of the mechanisms involved. 

All experiments were carried out on samples of natural water 
obtained from the river and incubated in the dark at constant 
temperature. Dissolved manganese concentrations (passing a 
0.45 yum pore-sized membrane filter) were determined using the 
flameless atomic absorption procedure of McArthur® and the 
weight of suspended particulate material (dried at 110°C) was 
measured gravimetrically. Experimental manipulation of 
suspended particulate concentration was achieved by mixing 
proportions of natural river water, collected either from within 
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Fig. 1 Loss of manganese from solution in Tamar River water 

containing 0% (©); 10% (@); 50% (©); and 100% (Wi) of the 

original particulate load during incubation at 5°C. The water 

originally contained 47 pgi-’ of dissolved manganese and 
60 p.p.m. (w/v) suspended solids. 


0028-0836/79/0279-—-031 8501.00 


Nature Vol. 279 24 May 1979 


or from upstream of the zone of maximum turbidity, with water 
which has been filtered through a 0.45 um membrane filter. 

A rapid loss of dissolved manganese in natural river waters 
was obtained during these experiments which was kinetically of 
zero-order with respect to the concentration of dissolved 
manganese (see Fig. 1). In contrast, removal of dissolved 
manganese from estuarine waters approximated to first-order 
with respect to dissolved manganese and was considerably 
slower. The rate of removal decreased with increasing salinity. 
The zero-order rate law applied to samples of river water 
whether or not the particulate material originated from within 
the estuarine turbidity maximum, for particulate concentrations 
in the range 0.5-500 p.p.m., and at temperatures within the 
range 5-20 °C. Increasing temperature always accelerated the 
reaction. No detectable loss of manganese was apparent in 
samples from which the particulate materials were removed by 
filtration and the rate of removal increased with increasing 
particulate load. However, it was generally evident that lower 
particulate concentrations exerted a disproportionately large 
effect, particularly at higher temperatures. Furthermore, the 
rate of manganese removal varied significantly between 
experiments carried out at different times but with equivalent 
concentrations of particulate material. Using the Arrhenius 
equation to calculate the apparent activation energy of the 
removal process has consistently yielded low values, usually 
within the range 5-15 kcal mol`’. The combined effects of 
temperature and the concentration of particulate material on 
the zero-order removal rate for a typical experiment are shown 
in Fig. 2. 

Morgan’s’ extensive investigations would indicate that, for an 
oxidative reaction within an initially homogeneous solution 
corresponding in composition to the river waters under investi- 
gation, the reaction should, at first, proceed with first-order 
kinetics with respect to divalent manganese, but would be 
extremely slow. The oxidative reaction is, however, subject to 
pronounced autocatalysis generated by manganese oxide reac- 
tion products’*. Other naturally-occurring particulate or 
colloidal surfaces, for example, silica’, feldspar’®, hydrated 
aluminium and iron oxides’, seem to catalyse the oxidation 
although their catalysis may well be due to, or enhanced by, the 
presence of manganese oxide surface ‘impurities’. Furthermore, 
manganese oxides, particularly if freshly precipitated, are highly 
efficient and to some extent specifically adsorptive and/or 
coprecipitative scavengers of certain metal ions, including 
divalent manganese'':'*. Taking these properties into account, 
Crerar and Barnes’* and Hem’*’ have proposed that coupled 
specific adsorption—catalysed oxidation reactions occurring at 
the surface of pre-existing manganese oxide solids, with 
consequent regeneration of the reaction sites, can explain the 
continuous accretion of hydrogenous manganese oxide solid 
phases. 

The kinetic results reported here are in accordance with such a 
mechanism. By analysing both dissolved and particulate 
manganese during a kinetic experiment, we have found that the 
reaction products are quantitatively retained by the particulate 
phase, although the kinetic results show that the catalytically 
effective property of the particles is conserved during the reac- 
tion. This agrees with the self-regenerating properties inherent 
in the mechanism noted above, and indicates that pre-existing 
manganese or mixed manganese-iron oxide phases occurring as 
superficial coatings on the particles act as self-maintaining 
catalytic sites for continued uptake of dissolved manganese. The 
indifference of reaction rate to the dissolved manganese 
concentration, that is zero-order kinetics, implies sorptive 
occupation of all available reaction sites by the reactant 
throughout the course of the reaction. This is possible if the rate 
of attainment of sorptive equilibrium for divalent manganese on 
the catalytic phase is considerably faster than the overall reac- 
tion rate. Experimental sorption studies’ indicate that this is so. 
The slower, first-order reaction characteristic of estuarine 
waters can be attributed to a significant competition for occupa- 
tion of the catalytic sites exerted by the major seawater cations. 
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Fig. 2 Rate of zero-order loss (ugl'd™') of dissolved 
manganese from solution in Tamar River water as a function of 
temperature and particulate load. 


Temporal variations in the rate of manganese removal per mass 
of suspended particles are probably caused by an inherent 
natural variability in the surface characteristics of the parti- 
culates. The non-linearity of the relationship with respect to 
particulate concentrations at any one time is probably induced 
by increased aggregation of particles at higher concentrations of 
particulate material. 

Although occurring within freshwater medium, the very rapid 
transfer of dissolved manganese to the particulate phase is an 
estuarine-induced phenomenon, in that the necessarily high 
concentrations of particles in the water column are generated 
and maintained by estuarine physical processes'*. In the Tamar 
Estuary, cyclic sping-tide to neap-tide variability in the average 
amount of particulates comprising the turbidity maximum has 
been found to impart a corresponding variability in the rate and 
extent of removal of dissolved manganese in the freshwater 
immediately above the salt wedge. Furthermore, during neap- 
tide to spring-tide periods of increasing tidal amplitude, with 
pronounced net mobilisation of sediment, the removal of dis- 
solved manganese may be more than counterbalanced by the 
infusion of sediment pore water containing relatively high 
concentrations of divalent manganese. Consequently the 
concentration of dissolved manganese in the freshwater entering 
the estuarine mixing sequence undergoes cyclic oscillation. This 
provides an alternative and/or complementary explanation for 
the common occurrence of a dissolved manganese maximum 
within estuarine water” ™ 7", These maxima are usually attri- 
buted to desorption of manganese from riverine particles or to 
advective and diffusive influxes from the estuarine sediment 
although such explanations do not always seem to be quan- 
titatively adequate’. 

This work forms part of the Estuarine Ecology Programme of 
the Institute for Marine Environmental Research, a component 
of the Natural Environment Research Council, and was partly 
supported by the Department of the Environment on contract 
no. DGR 480/48. 
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Amino acids in interstitial 
waters of marine sediments 


DISEQUILIBRIA within the mixture of organic matter, mineral 
particles and seawater in near-surface sediments result in 
extensive reaction, often biologically mediated. Variations in 
interstitial water composition are very sensitive indicators of the 
chemical and biological reactions in this zone of transition and 
the interaction between the water column and the permanent 
deposit'*. Although most studies have been confined to 
inorganic ions, the few measurements of pore water DOC in 
marine sediments’ show large gradients in dissolved organic 
matter concentration within sediments and across the 
sediment—water interface. We describe here our study of dis- 
solved amino acids in interstitial waters, which were used to 
trace some of the biogeochemical processes affecting organic 
matter in marine sediments. We have analysed the dissolved 
free amino acids in 15 interstitial water samples from four 
cores obtained in Buzzards Bay, Massachusetts; the Gulf 
of Maine; and the North-west Atlantic continental rise. 
These pore waters have very high amino acid concentrations, 
of the order of 1 mg 1™. In addition, the distribution of indivi- 
dual amino acids differs substantially from that reported for 
seawater’*, particularly in the large relative abundance of 
glutamic acid and B-aminoglutaric acid. B-aminoglutaric acid 
(HOOCCH,CH(NH;)CH,COOH) is an isomer of glutamic acid 
which, to our knowledge, has not been previously reported in 
the marine environment. 

Sampling was carried out using a 20 cm diameter sphincter 
corer’ in Buzzards Bay and a 0.25 m? box corer (Sandia—Hessler 
Type MK ITI) in the Gulf of Maine and the North-west Atlantic. 
The Buzzards Bay (station P) sediment sampled was located in 
17m of water and was anoxic below the bioturbated upper 
1-3 cm. Station 3 and station 8 in the Gulf of Maine were located 
at 250m depth in the Wilkinson Basin and at 390 m in the 
Georges Basin, respectively. A small amount of H-S was present 
in the deepest (24-28 cm) section at station 3, but none was 
detected in the 10 cm core from station 8. Station 10 was located 
on the continental rise east of the Gulf of Maine at a depth of 
4,200 m. The sediment sampled was a strongly oxidising, foram- 
rich ooze. Cores were sectioned immediately and the sediment 
subsamples refrigerated until squeezing was completed (within 
24h). Pore water was extracted from 100 to 200 g sediment 
using a hydraulically-powered stainless steel squeezer with two 
internal precombusted Reeve Angel™ glass fibre filters and 
then refiltered through Gelman Type A™ glass fibre filters 
(nominal particle diameter retained 0.3-1 um). The filtered 
water and samples of whole sediment from corresponding core 
sections were frozen for onshore analysis. 

After returning to Woods Hole, 10-20 ml pore water aliquots 
were applied to a 15 cm? Bio-Rad™ AG 5OW-X8 resin cation 
exchange column (H* form) for desalting. The column was 
eluted with 25 ml! water and then 1.5 M NH,OH until the eluate 
began to become basic. The first 60 ml of the basic eluate 
containing the amino acids were collected, evaporated to dry- 
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Fig. 1 a, Electron-impact ionisation mass spectrum of 8-aminoglutaric 

acid from station 3, 0-2. cm core section interstitial water; SE-52 glass 

capillary GC column interfaced with a Finnigan GC-MS 3200, ionisation 

voltage 70 eV. b, Chemical-ionisation mass spectrum of 8-aminoglutaric 

acid; SE-52 glass capillary GC column interfaced with a Finnigan GC-MS 
1015 SL, CH, reactant gas, ionisation voltage 130 eV. 


ness, and the residue derivatised to form the N-heptafluorobu- 
tyryl n-butyl esters’? for gas chromatographic (GC) analysis. 
Blanks of the entire analytical procedure, including rinses of the 
squeezer and filters, give negligible concentrations of amino 
acids. 

Gas chromatographic analyses were carried out on a 32 mx 
0.3mm id. SE-54 glass capillary column. The column was 
installed in a HP 5840 gas chromatograph with splitless injection 
at acolumn temperature of 40 °C and an injector temperature of 
225°C. After four minutes, the temperature was increased at 
30° min”! to 70°C, and then at 3° min™' to 240°C. The carrier 
gas flow rate was 2-3 ml He min‘ and the FID temperature was 
250 °C. Derivatives of cysteine, histidine, and tryptophan were 
not detected in these conditions, and asparagine and glutamine 
were measured as aspartic and glutamic acids, respectively. 
Selected samples were subjected to gas chromatography—mass 
spectrometry (GC-MS) (Finnigan GC-MS 3200 or Finnigan 
GC-MS 1015 SL). Compounds were identified by comparison 
to GC retention times and mass spectra of amino acid standards 
(Sigma) obtained in the same conditions and with the same 
instruments used for samples. 

8-Aminoglutaric acid (which may occur to some extent as the 
glutamine-isomer amide) is a major amino acid in our pore 
water samples, making up 2-50% of the dissolved free amino 
acids. The chemical ionisation (CI-CH,) and electron- 
impact ionisation (EI) mass spectra of the interstitial water 
amino acid (as the N-heptafluorobutyryl n-butyl ester) 
which we have identified as Q$-aminoglutaric acid are 
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given in Fig. 1. The molecular ion at m/e 455 (confirmed 
by the presence of M+1= 456, M+29= 484, and M +41 = 
496 in the CI-CH, spectrum) indicates that the compound 
is an isomer of glutamic acid. The greater intensity of 
m/e 353 (=M — 102) relative to m/e 354 is characteristic of a 
B-amino acid rather than an a-amino acid'’. The m/e 326 ion 


(probable structure CsHpQOCCH =NHCOC;F;) may arise 
subsequent to a rearrangement of the m/e 353 ion 


/C,H,OOCCH, —C=CHe 
| ‘NHCOCSF; | 


The base peak at m/e 113 probably results from cleavage 8 to 
the amide N with loss of hydrogen: 


OOS +CH,COOC,Hs, 
NHCOC,F, 


The EI and CI-CH, mass spectra and glass capillary GC re- 
tention time of authentic B-aminoglutaric’’ acid are the same as 
those of the unknown compound in our samples. Those of the 
next most likely isomers of glutamic acid, a-methylaspartic and 
8-methylaspartic acids, are markedly different. 

Dissolved free amino acid concentrations in interstitial water 
are given in Table 1. Total concentrations in the samples 
analysed, ranging from 0.82 to 5.6 mg1`', are two orders of 
magnitude greater than those found in nearshore waters, 5- 
30 gl”! (ref. 7) or in open ocean seawater, 0-4 ug 1 (ref. 8). 
Concentrations generally reach a maximum within the upper 
6cm and then decrease with depth. Glutamic and B-amino- 
glutaric acids make up more than 90% of the dissolved free 
amino acids in station P interstitial waters, and from 76 to 90% 
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Fig. 2 R (B-aminoglutaric acid/ glutamic acid ratio): variation with depth 
in sediment and with overlying water column depth. @, Station P (17 m); O, 
station 3 (250 m}: A, station 8 (390 m); A, station 10 (4,205 mì. 


of the total at station 3. Station 8 pore waters have significantly 
greater concentrations of other amino acids, especially alanine, 
glycine and serine, relative to glutamic and B-aminoglutaric 
acids which make up 40-75% of the total. Station 10 has a more 
uniform distribution of the protein amino acids and lower 
relative abundances of glutamic and B-aminoglutaric acids (18 
35%). 

Surface sediments from stations 3, 8, and 10 were hydrolysed 
in 6M HCI and the amino acids were analysed as described 
above. Concentrations range from 1.3 to 5.6 mg per g dry weight 
(Table 1), decreasing with overlying water column depth. The 
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Table 1 Amino acid concentrations in interstitial waters* and sedimentstt 
Ala Gly  Val§ Th Ser Leu Ile Pro Asp Phe Glu Gli Lys Tyř Total 
Interstitial water 
Station P 
0-2 em 36 19 ERS = 23 13 — =a 37 a 820 720 — se 1.7 
24-28 cm 24 $7 a a ee aie om -a 70 en 620 680 a — 1.4 
Station 3 
0-2 em 66 140 28 18 48 17 13 23 110 iS 1,100 400 one 14 2.0 
4-6 em 89 42 39 28 40 33 19 10 RI 20 1,800 860 oo mem 3.1 
8-12 em 52 71 102 #1 67 wwe ne ~ 83 — 1,200 670 ant a 2.4 
16-20 om 28 28 14 32 49 ee ne ene 4g mn 630 410 ne = 1.2 
24-28 cm 16 13 — me 23 m — m 29 — 420 320 aoe vee 0.82 
Station & 
0-2 cm 360 4,500 360 85 119 120 82 110 260 75 1,600 480 a 1 §.2 
2-4 om 190) 340 46 96 340 38 34 34 150 23 1,700 760 mnt 40) 3.8 
4-6 om 400 990 73 4 110 81 57 30 94 33 1,300 560 ee 34 3.8 
6-10 cm 58 116 27 25 93 21 vee — 44 — 660 440 ~— “ne 1.5 
Station 10 
0-2 om 490 480 320 190 210 240 220 50 420 60 940) 130 one 18 3.7 
2~4 em 900 170 170 206 116 210 160 16 190 66 610 90 one 19 2.9 
4—6 em 1,500 780 360 290 210 480 360 57 330 170 880 110 on 97 5.6 
6-10 cem 130 310 67 35 49 4 55 17 74 3] 390 60 ——- 16 1.3 
Sediment hydrolysate 
Station 3 
0-2 em 0.63 0.83 0.49 0.42 0.43 0.32 0.20 0.26 0.89 0.22 0,54 sn 0.23 0.06 5.6 
Station 8 
0-2 em 0.19 0.20 G.18 O.145 0.16 0.12 0.973 0.069 0.24 0.069 0.12 ae 0.039 0.017 1.6 
Station 10 
0-2 cm 0.14 0.18 6.077 HiG 0.11 0.078 0.043 0.056 0.16 0.047 0,098 — ae ~— 1.3 


* Interstitial water dissolved free amino acid concentrations in pg 1+, with depth-interval totals in mg 17’. 


+ Sediment hydrolysate concentrations in mg per g dry weight. 


+ Amino acid abbreviations are standard, except 8Glu = B-aminoglutaric acid. 


§ Peak sometimes had shoulder or partially resolved component which may be 8 -alanine. 
| Peak sometimes had shoulder or partially resolved component, probably due to small amounts of lysine. 
4 <10 ugl for interstitial water and <0.01 mg per g dry weight for sediment hydrolysate. Some minor components, including hydroxyproline, y-aminobutyric acid, 


ornithine and a-aminoadipic acid, were omitted from this table. 


amino acid compositions of the sediment hydrolysates 
are similar to those found by others for organic-rich near- 
shore sediments'*"'*. 8-Aminoglutaric acid is present only in 
trace amounts (<0.4% of the total hydrolysable amino acids), 
and glutamic acid makes up <10% of the total. Thus, if pore 
water amino acids are supplied from detrital proteins in sedi- 
ments, for example by bacterial proteolysis, either the process is 
selective for particular residues or proteins of very unusual 
composition, or the freed amino acids are further metabolised to 
produce the observed distribution. 

The large relative abundance of glutamic acid in interstitial 
water may result from the following transamination which many 
organisms, including bacteria, carry out as a first step in the 
metabolism of some amino acids'*"”: 


a-ketoglutarate + a -amino acid 4 glutamate + œ -keto acid 


Another potential source for dissolved free amino acids in 
interstitial water is excretion or loss of cellular fluids by higher 
benthic organisms. The magnitude and even the direction of the 
net flux of amino acids to and from benthic organisms such as 
polychaetes is the subject of some controversy'*'’, and there is 
little information on the composition of these fluxes. Thus the 
significance of this source of amino acids cannot yet be evalu- 
ated, 

The large relative abundance of B-aminoglutaric acid in pore 
waters is surprising, because we have been unable to find any 
reference to it as a natural product in the literature. In the 15 
samples we have analysed so far, the B-aminoglutaric acid 
concentration is correlated (r = 0.81) with the concentration of 
glutamic acid. In contrast, glycine, another abundant amino acid 
in some of our samples, shows no significant correlation. 
However, the levels of 8-aminoglutaric acid do not depend 
solely on those of glutamic acid, as can be seen from Fig. 2, which 
plots the B-aminoglutaric/ glutamic acid ratio (R) in pore water 
against depth in core. R increases with depth in all four cores. 
Furthermore, R is non-zero in surface sediments, and this 
surface ratio decreases with increasing water depth from station 
P through stations 3 and 8 to station 10. 


The concentration correlation between glutamic acid and 
8-aminoglutaric acid in pore water and the increase of R with 
depth in sediment suggests that B-aminoglutaric acid is being 
formed from glutamic acid. The fact that substantial amounts of 
8-aminoglutaric acid are present in surface sediments indicates 
that the reaction proceeds very rapidly and is probably biolo- 
gically mediated. However, we have found no indication that 
such an a > 8 isomerisation is carried out by bacteria or other 
organisms except during lysine fermentation by certain Clos- 
tridia’’. On the other hand, the inputs of B-aminoglutaric acid 
and glutamic acid may be by separate, but related processes. The 
increase in R with depth in core might then be explained by 
preferential metabolism or reduced inputs of glutamic acid 
rather than its conversion to 8-aminoglutaric acid. In either case 
the decrease in the surface R from the shallow to the deep-water 
sediments is probably related to some characteristic(s) of the 
sedimentary environments, for example, redox potential and the 
related nature of the benthic community metabolising organic 
matter. We are currently analysing additional samples from a 
wider range of sediment types to improve our understanding of 
the relationship between pore water amino acid concentration 
and composition and sedimentary environment. 

This research was supported by Contract N00014-74-C0262 
NR 083-004 from the Office of Naval Research and the Paul M. 
Fye Fellowship awarded through the WHOI Education Pro- 
gram to S.M.H. We thank Drs Nelson Frew and Philip 
Gschwend for obtaining mass spectra and Drs Cindy Lee, 
Robert Gagosian, Oliver Zafiriou, Fred Grassle and Werner 
Deuser for reviewing the manuscript. Authentic B-amino- 
glutaric acid was provided by Drs Alton Meister and Daniel 
Purich. 


SUSAN M. HENRICHS 
JOHN W. FARRINGTON 


Department of Chemistry, 
Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts 02543 


322 


Received 18 December 1978; accepted 21 March 1979. 


1. Berner, R. A. in The Benthic Boundary Layer (ed. MeCave, I. N.) 33-55 (Plenum, New 
York, 1976). 
2. Manheim, F. T. in Chemical Oceanography, Vol. 6 (eds Riley, J. P. & Chester, R.) 115-186 
(Academic, New York, 1976). 
3. Starikova, N. D. Oceanology 10, 796-807 (1970). 
å. Krom, M. D. & Sholkovitz, E. R. Geochim. cosmochim. Acta 41, 1565~1573 (1977). 
5. Nissenbaum, A., Baedecker, M. J. & Kaplan, IL R. in Advances in Organic Geochemistry 
1971 (eds von Gaertner, H. & Wehner, H.) 427-446 (Pergamon, London, 1972). 
6. Karl, D. M., LaRock, P. A., Morse, J. W. & Sturges, W. Deep-Sea Res. 23, 81-88 (1976). 
T Lee, C. L. & Bada J. L. Limnol. Oceanogr. 22, 502-510 (1977). 
8. Crawford, C. C., Hobbie, J. E. & Webb, K. L. Ecology §5, 551-563 (1974). 
9. Burke, J. Limnol. Oceanogr. 13, 714-718 (1968). 
10. Jéhnson, J, Eyem, I. & Sjöquist, J. Analyt, Biochem. $1, 204-219 (1973). 
tl. Lawless, J. G. & Chadha, M. S. Analyt. Biochem, 44, 473-485 (1971). 
12. Feuer, H. & Swartz, W, A. J. Am. chem. Soc. 77, 5427-5428 (1955). 
13. Morris, R. J. Geochim. casmochim. Acta 39, 381-388 (1975). 
14. Brown, F. S., Baedecker, M. J., Nissenbaum, A. & Kaplan, L R. Geochim. cosmochim. Acta 
36, 1185-1203 (1972), 
15, Whelan, J. K. J. Chromatogr. 111, 337-346 (1975), 
16. Metzler, D. E. Biochemistry: The Chemical Reactions of Living Cells (Academic, New York, 
1977}. 
17. Doelie, H. W. Bacterial Metabolism (Academic, New York, 1975). 
18, Johannes, R. E., Coward, S. J. & Webb, K. L. Comp. Biochem. Physiol. 29, 283-288 (1969). 
19. Stephens, G. C. Biol, Buil. 149, 397~407 (1975). 








Reduced thermogenesis in obesity 


IT is often claimed that there are obese patients who find it 
difficult to maintain a normal body weight because they have 
such low energy requirements that even normal intakes of 
energy result in weight gain and obesity. Studies of both chil- 
dren’ and adults” show that there can be a twofold difference in 
energy intake between individuals despite apparently similar 
patterns of physical activity. An individual] variability in the 
capacity to dissipate heat by metabolic changes has therefore 
been suggested” but no physiological basis for the differences in 
thermogenesis has yet been established. In genetically obese 
ob/ob mouse there are two components involved in the deposi- 
tion of excess body fat: hyperphagia and increased metabolic 
efficiency*’’. Metabolic efficiency is the major factor responsible 
for obesity when the animals are kept at 20 °C so these animals 
provide a model study of the link between metabolic rate and 
obesity. Pre-obese and obese ob/ob animals have an abnor- 
mality of thermoregulatory thermogenesis with a reduced 
thermogenic response to cooling®. A defect in non-shivering 
thermogenesis can be confirmed by monitoring the thermogenic 
response to maximum doses of noradrenaline: the ob/ob mouse 
has only half the response of its lean littermate. The abnormal 
thermoregulatory thermogenesis quantitatively accounts for 
most of the metabolic efficiency of the obese animals as pair 
feeding at thermoneutrality rather than at 23°C reduces the 
excess fat deposited by 65% ’. We report here that obese adults 
with a family history of obesity have a reduced metabolic 
response to noradrenaline infusion compared with thin adults. 
As the reduced non-shivering thermogenesis is also found in 
subjects with familial obesity who remain at normal weight by 
persistent dieting, the defect in non-shivering thermogenesis 
appears to be constitutional and not a secondary consequence of 
obesity. 

Thermogenic responses were tested in six obese women, aged 
47+ 4.5 yr (mean+s.e.m.), who claimed to gain weight readily 
and who had a strong family history of obesity. A group of seven 
lean women of equivalent age (49.5+2 yr), with no family 
history of obesity, served as controls. All seven claimed that they 
were able to eat freely and had no problems with weight gain. A 
third group of ‘post-obese’ women (aged 44.2 + 5.4 yr) was also 
studied once they had slimmed from an obese state after 1-2 yr 
on a severely restricted diet. They had maintained a stable 
weight by careful dieting for at least 3 months before the test. 
The subjects in all three groups were euthyroid and normoten- 
sive. 

The metabolic capacity for thermogenesis was tested by 
infusing noradrenaline intravenously in a dose related to the 
ideal body weight (IBW). Tests were conducted at the same time 
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of year with all subjects in a weight-stable condition. Subjects 
were fasted overnight for 12h and were tested in identical 
clothing in thermoneutral conditions (27.2~27.6°C) after 
allowing 1 h for heat equilibration. 

The resting metabolic rate (RMR) was measured at 1-min 
intervals for 30 min after the subject had rested supine for 
30 min. Noradrenaline (Levophed, Winthrop) was then infused 
intravenously (0.1 pg per kg IBW per min) through a brachial 
vein for 45 min. The intravenous dose of noradrenaline was 
chosen to produce in the other arm a venous plasma 
noradrenaline corresponding to that found in moderately severe 
exercise. An indwelling Abbott 19-gauge venous cannula, kept 
patent with 3.8% sodium citrate (BPC) and inserted in the 
non-infused arm, was used to remove blood samples for assay. 
The RMR was measured continuously during the infusion and 
for 45 min after the infusion had stopped. 

Immediately on starting the infusion of noradrenaline, the 
RMR increased and remained at near plateau levels for the 
duration of the infusion (Fig. 1). The rise in the RMR in the lean 
group was striking, amounting to an increase of 21.2%. In both 
the obese and post-obese subjects, however, the rise in RMR 
was only half that seen in the lean subjects, that is, 9.6% (Table 
1). This difference in thermogenesis was seen despite the fact 
that similar rises in plasma noradrenaline were achieved in the 
three groups. Although the RMR in the lean group during the 
infusion was still less than that in the obese patients, similar 
metabolic rates were found during infusion in the lean and 
post-obese groups. The high pre-infusion RMR of the obese 
group was consistent with similar measurements made on other 
days and was therefore not due to stress but was related to their 
increased lean body mass. The plasma adrenaline levels 
remained unchanged during the basal period and were similar in 
all three groups. There was also no increase in plasma adrenaline 
during the infusion, again indicating that stress played no part in 
the thermogenic differences. 

During the infusion there was no significant difference 
between the groups in the rise of either the free fatty acids (FFA) 
or glucose (Table 1). However, the obese group showed a 
greater rise in the plasma glycerol and a marked increase in the 
insulin/ glucose ratio, indicative of insulin resistance. As changes 
in plasma glycerol are considered a better index of changes in 
lipolysis than FFA responses, these results suggest that the 
lipolytic response to noradrenaline was greater in the obese. The 
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Fig. 1 Absolute increase in RMR of women during and after a 
45 min intravenous infusion of noradrenaline. @, Lean: ©, obese; 
A, previously obese, now lean. RMR was measured by the 
ventilated hood technique using a Servo paramagnetic oxygen 
analyser and IR carbon dioxide analysis™®. RMR measured by this 
technique agrees with direct calorimetry with a difference of 
0.09%”. Values are means +s.e.m. Fully informed consent for the 
procedures was obtained and ethical approval was given by the 
unit’s ethical committee. 
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Table 1 Basal and peak hormone and substrate concentrations during noradrenaline infusion 





Resting metabolic Insulin to glucose 
Mean% Noradrenaline Free fatty acid Glycerol rate ratio 
of (ng mI’) (p mol 17?) (pmol 1~*) (kJ min`’) 
ideal At peakt 
Weight body Absolute Absolute Absolute Absolute insulin 
Subjects (kg) weight” Basal rise Basal rise Basal rise Basal rise Basal response 
Lean 49.5 0.298 1.015 622 796 57.4 89.6 3.326 0.705 2.05 2.90 
(7) + sal | + + + +t + + + + + + 
2.0 0.052 0.222 31 79 3.9 14.6 0.102 0.104 0.18 0.39 
Obese 84.1 0.281 1.225 712 962 78.5* 152.7** 4.309*** 0.415* 3.20* 4.30* 
(6) + +53.3 + + + + + t + + + Ł 
5.6 0.057 0.178 100 56 7.9 16.8 0.207 0.042 0.48 0.37 
Post-obese 65,3 0.230 0.812 579 947 80.3 135.8 3.849* 0.371" 2.15 2.76 
(6) + +15.6 + + + + + + + + + + 
eel 0.055 0.149 81 97 11.0 2L7 0.174 0.065 0.37 0.48 





Number of subjects given in parenthesis. Values are means +s.e.m. Insulin to glucose ratio = insulin IU 1~'/glucose mmol 17’. Significance values 


represent comparison of obese or post-obese with lean. 
* = P< 0.05; ** = P< 0.02; ***P<0.01. 


t Glucose rises during infusion and falls once infusion is stopped. However, insulin release is initially inhibited by the noradrenaline infusion but 
rises once the infusion is stopped—hence the ratio is measured again at the peak of the insulin response about 15 min after the infusion is stopped. 
Noradrenaline is measured by radioenzymatic assay'", FFA by titration’, glucose using a Beckman Autoanalyser, glycerol by an enzymatic assay 
system (Boehringer Mannheim no. 125032) and insulin by radioimmunoassay (Amersham kit no. 1M78). 


defective heat production in the obese therefore cannot be 
explained by a subnormal rate of lipolysis, The equivalent FFA 
concentrations in all three groups also suggest that substrate 
availability for energy metabolism was not a factor in the 
different rates of thermogenesis. Issekutz et al.” have shown that 
the oxidation of FFA depends on the plasma concentration and 
that the relationship between plasma concentration and the rate 
of oxidation was the same in lean and obese subjects. A ther- 
mogenic system directly responsive to catecholamines therefore 
seems to be involved. The noradrenaline concentrations at the 
site of thermogenesis cannot be ascertained from this study but 
the markedly increased and equivalent venous noradrenaline 
levels in the three groups during the infusion and the similar 
metabolic response to noradrenaline found in this study 
compared with that observed previously in cold-adapted man’? 
infused with noradrenaline at 150% of the rate used in our 
study, suggest that we were close to if not at the limits of the 
non-shivering thermogenic capacity of all three groups. 

The difference between the lean and obese groups in the 
thermogenic action of noradrenaline is strikingly similar to that 
seen in genetically obese rodents with their defects in ther- 
moregulatory thermogenesis.° In adult rats it is now evident that 
the process of non-shivering thermogenesis is dependent on the 
continued capacity of brown fat in the thoracic, cervical and 
subscapular areas to generate heat by mechanisms responsive to 
noradrenaline''. The metabolic activity of brown fat when 
stimulated is far in excess of that expected on a weight basis. 
Abnormalities of mitochondrial function have recently been 
reported in the brown fat of ob/ob mice'’, but these abnor- 
malities may be secondary to changes in the hypothalamus’* as 
the thermoregulatory system of these animals is controlled so 
that body temperature is maintained approximately 2 °C below 
their lean littermates throughout the diurnal temperature cycle 
and at environmental temperatures varying from 10 to 25°C 
(ref. 5). Below 10°C, however, the ob/ob mouse becomes very 
hypothermic. 

Our studies suggest that a similar mechanism may be involved 
in adult human subjects, as brown fat has been identified even in 
elderly men and women”. The defective thermogenic response 
of the obese women conforms with the reports of their enhanced 
susceptibility to body cooling’*:’* despite the additional insula- 
tion of subcutaneous fat. The defect in the women seems to be 
unrelated to energy intake, as two obese women who were 
deliberately fed 40 kcal per kg IBW per day for 7 days before 
testing responded to noradrenaline in a similar manner to that 


after 3 weeks on a diet providing 9.2 kcal per kg IBW per day. 
Although an adaptive increase in the metabolic response to 
noradrenaline in man has been reported, the effect was observed 
only after exposure to prolonged and severe cold’®. 

We suggest, therefore, that the thermogenic abnormality in 
the obese women is constitutive rather than the result either of 
developmental or other environmental factors. If a direct rela- 
tionship can be established between the thermogenic defect and 
metabolic efficiency in human subjects as well as in animals, then 
this test could prove to be a useful method for assessing the 
propensity to develop obesity in man. 
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Territorial behaviour 
of Pemphigus gall aphids 


ALTHOUGH insects are known to defend nests, breeding sites 
and females’, the defence of feeding sites is less well documen- 
ted. Other than the defence of egg clutches and nymphs by 
female treehoppers’ and the existence of a soldier caste in wooly 
aphids’, territoriality has not been reported in the large insect 
order Homoptera which includes aphids, scale insects, hoppers, 
cicadas and whiteflies. As the evolution of territoriality is 
thought to be directly correlated with competition for resources 
in short supply’, territorial behaviour should only be exhibited 
when population densities approach the carrying capacity of the 
environment. Because parthenogenetic reproduction and the 
high population growth rates of aphids seem contradictory to the 
notion of limited resources, aphid territorial behaviour is not 
expected. I report here on the settling behaviour of the aphid, 
Pemphigus betae Doane, which forms galls of the leaf blade 
of narrowleaf cottonwood, Populus angustifolia. We have 
quantified the existence of a defended micro-territory, the 
production of a floater population of individuals displaced 
through competitive interactions, and the differential mortality 
of residents and floaters which favours the evolution of ter- 
ritorial behaviour. 

Field observations and experiments were carried out in the 
springs of 1976 and 1978 near Ogden, Utah. As leaf buds begin 
to break in early spring, colonising stem mothers of P. betae 
emerge from overwintering eggs and migrate from the base of 
the tree to developing leaves. First instar stem mothers are 
black, about 0.6mm long, and although wingless, are highly 
mobile. Within 4 or 5 days of arrival, most have settled and 
begun to methodically probe immature leaf tissues with their 
stylets to induce gall formation. Each stem mother is soon 
enclosed within a hollow gall where up to 300 progeny are 
produced parthenogenetically. Survival, number of progeny, 
and other measures of relative fitness are correlated with gall 
position on the leaf blade and mature leaf size. When two or 
more stem mothers occupy the same leaf, they arrange them- 
selves linearly along the midrib. Stem mothers occupying the 
base of large leaves achieve the greatest success, and these gall 
sites are highly preferred*”. 

When competitor densities exceed the number of superior gall 
sites available, territorial interactions occur during the brief 
colonisation phase before stem mothers become physically iso- 
lated by expanding leaf gall tissue. The outcome of these inter- 
actions is determined by kicking and shoving contests (Fig. 1) in 
which the largest stem mother usually wins or successfully 
defends a linear territory of about 3 mm at the base of the leaf 
blade. Body size was conservatively measured as the width of the 
semi-sclerotised prothorax. From microscope measurements of 
54 pairs of first-instar competing stem mothers, the average 
prothorax width of basal stem mothers was 6.3% greater than 
that of their distal competitors (two-tailed paired f test, t= 
3.298, P<0.005). In agreement with these findings, Whitham® 
demonstrated that the removal of the defending basal stem 
mother can result in the downward shift of the remaining stem 
mother to occupy the superior basal position. 





Fig. 1 Typical back-to-back fighting posture of two competing 
stem mothers. The largest stem mother usually wins the superior 
basal position. Drawing by Pam Lungé. 
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Fig. 2 Results of a 2-d contest in which the position of the 
subdominant distal stem mother is plotted as a function of the 
position of the dominant basal stem mother. Linear regression 
analysis (r = 0.934, n =88, P<0.001, y = 1.17x +0.28) demon- 
strates that during contests, the position of each stem mother is 
based on the position of its competitor. Because stem mothers 
linearly arrange themselves along the midrib of the leaf blade, a 
single measure obtained with a caliper (the distance from the centre 
of each stem mother to a point marked at the base of the leaf) 
accurately quantifies position. 


Contests can last 2 days and the basal stem mother can be 
displaced from her position. Figure 2 shows results from such a 
contest which began when a second stem mother arrived at an 
occupied leaf and displaced the resident to a suboptimal distal 
position. Positions were recorded every 10-15 min during day- 
light hours. During 44 of 88 recordings made, stem mothers 
were engaged in kicking and shoving contests in which no 
feeding or gall-forming activities occurred. The position of the 
subdominant distal stem mother on the leaf blade is plotted as a 
function of the position of the dominant basal stem mother. The 
high degree of correlation (r = 0,934, P< 0.001) indicates that 
stem mothers move like boxers in a ring, continually sparring to 
determine the winner. On the third day, only one stem mother 
remained. This example of an extended contest is unusually 
long for insects. Most observations of territorial contests have 
shown that the outcome is determined within a few minutes’. If 
contest time is evolutionarily determined, then contests lasting 
more than a few minutes suggest that great dividends or losses 
are at stake’®, 

Territorial interactions can produce a floater population of 
stem mothers searching for places to settle. Two adjacent trees 
differing greatly in the densities of competing stem mothers were 
selected for removal experiments. On one arm of selected 
Y-shaped twigs on both trees, all arriving stem mothers were 
removed every day for a period of 7 days; the control arm of 
each twig was sampled only on day 7. It was expected that on the 
high density tree where competitive pressures for limiting gall 
sites should be greatest, individuals of inferior competitive 
abilities would accumulate on removal twigs due to competitive 
release. In this case, the sum of all stem mothers removed would 
be greater than the number of stem mothers on control twigs. In 
comparison, on the low density tree, competitive pressures 
should be much reduced, enabling stem mothers to settle quickly 
without further movement. Consequently, few or no differences 
were expected in the settling patterns of stem mothers on 
removal or control twigs. On each tree approximately 2,500 
leaves were examined. Figure 3 shows the pattern of stem 
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mother arrival on removal twigs. Of the 699 stem mothers 
attempting colonisation on the high density tree, 83% arrived 
over a 3-d period that peaked just after bud burst; on the low 
density tree, colonisation spanned the same time period but the 
peak was much reduced. Figure 34, shows that when competitor 
densities are high, colonising stem mothers rapidly respond to 
the removal of competitors. The total number of stem mothers 
removed during seven consecutive days of sampling (535 per 
1,000 leaves) was 69% greater than the number of stem mothers 
found on control leaves (316 per 1,000 leaves) (x° = 46.67, 
P<0.001). On the tree with a low competitor density, however, 
the number of stem mothers collected on removal twigs (72 per 
1,000 leaves) did not differ significantly from the number of stem 
mothers found on control leaves (61 per 1,000 leaves) 
(x? = 1.11, P> 0.29). The fact that there was a highly significant 
difference between treatment and control on the high density 
tree shows that stem mothers were moving in search of a place to 
settle and were reacting negatively to the presence of other stem 
mothers. On the other tree, however, densities of potential 
competitors were so low that competition for a limited number 
of gall sites was reduced, enabling all stem mothers to rapidly 
select leaves and immediately settle. Thus, with high population 
densities, many stem mothers are displaced through competitive 
interactions and a floater population is produced. These results 
are similar to those obtained in other systems as diverse as birds, 
mammals and fish, where subdominants or floaters moved into 
vacated spaces", 

Experiments indicate that the floater population suffers much 
greater mortality than the resident population. Before all stem 
mothers had permanently settled during colonisation, the posi- 
tions of 211 stem mothers distributed among 351 leaves of a 
small branch were recorded. A sticky barrier (Tanglefoot) was 
placed at the base of the branch to prevent further recruitment. 
After all stem mothers had permanently settled, their positions 
were again recorded. Forty stem mothers had abandoned the 
positions they had held during the first census and attempted gall 
formation on other leaves. Of these individuals, only 24% 
survived, while 72% of those that did not move from their 
original positions survived (y*=21.45, P<0.001). This 
experiment has been repeated with another Pemphigus species 
and the results were identical’. Such differential mortality could 
be an important factor in the evolution of territorial behaviour 
and may account for the observed extended contest of Fig. 2. 

The Eriosomatidae, or gall-making aphids of which Pemphi- 
gus is a member, exhibit a unique reproductive trait in which 
each stem mother is the sole progeny of a female sexuale’. As 
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Fig. 3 Results of a removal experiment designed to test the 
hypothesis that due to territorial interactions occurring during leaf 
selection, a floater population is produced. Y-shaped twigs on two 
trees which differed in the density of competing stem mothers were 
selected. One arm of each twig acted as the control and was 
sampled only at the end of the experiment. On the other arm stem 
mothers were removed each day. a, Shows the number of stem 
mothers removed each day from both trees: 6, compares the 
removal and control twigs for both trees (see text). 
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no other aphid group or known animal lays only one egg 
throughout their lifespan, this trait must have evolved under 
rather severe and/or unusual circumstances. I suggest that the 
advantage large body size confers in territorial interactions may 
have contributed to the evolution of this trait by favouring the 
reduction of clutch size and the placement of all resources into a 
single large egg. 

I thank J. Alcock, H. R. Pulliam, C. C. Smith and W. V. 
Zucker for comments on the manuscript and acknowledge the 
support of NSF grant no. DEB 7905848. 


THOMAS G. WHITHAM 
Harold S$. Colton Research Center, 
Museum of Northern Arizona, 
Flagstaff, Arizona 86001 
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Endomycorrhizal fungi and Rhizobium 
as biological fertilisers for 
Medicago sativa in normal cultivation 


LEGUMES can form two types of symbiotic association with 
microorganisms. One, with Rhizobium sp., is involved in the 
fixation of atmospheric nitrogen; the other, with fungi of the 
family Endogonaceae that form vesicular-arbuscular (VA) 
endomycorrhizas, is concerned with the uptake of phosphorus 
by the plants. Glasshouse experiments have demonstrated that 
legumes inoculated with both types of microorganism grow and 
nodulate better, and have higher nitrogenase activity and phos- 
phorus content than plants that are uninoculated or inoculated 
with either Rhizobium or mycorrhizal fungi separately'!?. Also, 
plants with both types of symbiosis may be important as pioneer 
colonisers of nutrient-deficient habitats’. At present, the 
possibility of field inoculation with mycorrhizas to improve 
yield, and the subsequent economy in the use of chemical 
fertilisers, are being considered’*. Positive responses to VA 
mycorrhizas are to be expected mainly in soils low in nutrients, 
particularly phosphate, and where indigenous endophytes are 
sparse or inefficient’*. Thus, the use of soil sterilisants to destroy 
indigenous endophytes has been assayed’, There are also 
reports on the effect of VA fungi inoculation in non-sterile 
soils'””*°. The effects of endomycorrhizas on legumes in relation 
to the improvement of hill'**° and marginal soils are now being 
studied’'. But as far as we know no data for leguminous crops 
growing on non-sterile arable soils in standard agricultural 
conditions in temperate regions have been published. We report 
here that inoculation of Rhizobium and Glomus improves the 
growth and nutrition of Medicago sativa in normal cultivation 
on an arable field. 

The experiment was carried out on an irrigated calcareous soil 
(pH, 7.8) in a fertile valley (‘vega’) in Granada province, Spain. 
Its texture was: 25.2% sand, 30.0% loam and 44.8% clay. The 
soil contained 1,302 p.p.m. total N, 415 p.p.m. total K, 
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Fig. 1 Effects of Glomus (G) and Rhizobium (R) on N, P and K 
uptake by Medicago sativa growing in an arable field soil under 
normal cultivation. Total N, P and K taken up by the plants is 
calculated from data of shoot dry weights and the percentage of 
element (mean of four replicates). Standard errors are shown. 


611 p.p.m. total P, 9.2 p.p.m. available phosphate” and 1.74% 
organic matter. This field has been intensively cultivated for 
centuries and two crops per year are harvested. When the 
present experiment was designed the field had been left fallow 
for six months. Endogonaceae spores were recovered by the 
technique of wet sieving and decanting”. The number of spores 
per 100g soil was: 14+1.4 yellow vacuolate** (Glomus 
mosseae’’), 2+0 laminate?” (Glomus macrocarpus*’) and 8+ 
0.7 unidentified. Spore numbers were, therefore, low but fall in 
the range of about 0.1-5 per g soil, recovered in most cases*°. 
The predominance of Glomus mosseae spores in this field would 
justify, from the ecological point of view, the choice of this 
species as inoculant, 

Medicago sativa L. cv. Aragón was the host plant for an 
endomycorrhizal fungus of the yellow-vacuolate spore type and 
for Rhizobium meliloti 203. Four seedbeds were prepared for 
plants for the field experiment. These were: uninoculated 
control (C), Rhizobium -inoculated (R), Glomus -inoculated (G) 
and Rhizobium + Glomus inoculated (R+G). The seedbeds 
were kept for 20d in a glasshouse at 19-25°C. At this time, 
seedlings had a slight VA infection; about 3-5% of their root 
system. The experimental field was divided into four plots: C, R, 
G and R+G, to each of which seedlings from the corresponding 
seedbed were transplanted. Each plot consisted of four repli- 
cates with each replicate containing five 1 m° microplots. These 
microplots received 25 groups of three plants. Care was taken in 
selecting uniform seedlings and allowing some soil from the 
seedbed to adhere to their roots. Seedlings of R and R+G 
treatments were reinoculated with Rhizobium at transplanting. 
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Table 1 Effects of Glomus and Rhizobium on the yield of Medicago 


sativa growing under normal cultivation in an arable field soil 


Inoculation treatments Shoot dry weight (g) 
Uninoculated controls 15.18+0.95 
Rhizobium 15.94+ 1.19 
Glomus 22.56+1.11 
Rhizobium + Glomus 32.09 + 1.77 


Mean of four replicates. 


Plants were irrigated by the farmers in their usual way, and no 
chemical fertilisers were applied during the experiment. At 
harvest, plants which grew during 12 weeks in the five micro- 
plots belonging to the same replicate were pooled, dry weights of 
shoots were recorded and analysed for P, N and K (ref. 27). 

Table 1 records plant growth. It is clear that Glomus 
inoculation improved the yield of alfalfa, whereas Rhizobium 
inoculated alone did not. Uninoculated control plants showed 
nodulation by indigenous rhizobia, however, in Glomus-inocu- 
lated plants the introduction of Rhizobium was effective and 
plant dry weight was increased by nearly 50% (R +G treatment 
compared with G treatment). The available P content in the test 
soil is low; this probably not only determined the response of the 
plants to Glomus inoculation but also that plants not given a 
Glomus inoculum did not respond to Rhizobium inoculation. 
Phosphorus is known to be an essential element for N, 
fixation®*’ and as it was a limiting factor in this experiment, 
plant growth and Rhizobium activity were not greater than for 
the uninoculated controls unless the plants were adequately 
mycorrhizal. Glomus inoculation improved total N, P and K 
uptake and the inoculation with Rhizobium was only effective 
when applied together with Glomus (Fig. 1). 

The main conclusion from these results is that the mycorrhizal 
fungi Glomus mosseae is an effective ‘biological fertiliser’ for 
Medicago sativa. Inoculation with Glomus not only affected 
plant growth and nutrition but also enhanced the activity of 
Rhizobium meliloti when it was applied as inoculant. The intro- 
duction of Rhizobium together with Glomus and the subsequent 
establishment of effective dual symbiotic association with alfalfa 
was successful, as yield was increased by 211% compared with 
control. This suggests that it may be possible to reduce the 
chemical fertiliser inputs to this arable crop. This study may have 
practical significance for neutral—alkaline soils like the one used 
in the present investigation. As this soil is under intensive 
cultivation it has received, and is receiving, large amounts of 
organic and inorganic additives; as a result, the total P is high but 
the available P is quite low, probably because the added P 
fertiliser has become fixed, mostly by the calcium in this high pH 
soil, or by some minerals of the clay fraction”®, which is relatively 
high in the test soil. The extensive use of fertilisers also accounts 
for the low number of Endogonaceae propagules”. 

We thank Dr D. S. Hayman for criticism and corrections, Dr B 
Mosse for providing mycorrhizal fungus, Dr J. L. Garcia-Chi- 
cano and Chemistry Department, Zaidin, for some chemical 
analyses. 
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Anomalous temperature dependence 
of the sodium conductance in rabbit 
nerve compared with frog nerve 


THE sodium channel in excitable tissues is an integral 
component of the membrane, and is intimately associated with 
the surrounding lipid’. Thus, the electrophysiological 
parameters of the sodium channel might be expected to exhibit a 
characteristic dependence on temperature, reflecting the 
marked temperature sensitivity of the physical properties of 
most lipids. We report here voltage-clamp experiments which 
show that cooling a rabbit node below the region of about 6 °C 
does in fact sharply decrease the maximal sodium conductance, 
and markedly prolongs sodium inactivation. It thus seems that 
the lipid (or lipid-protein) environment of the sodium channel in 
the rabbit node undergoes a drastic change below 6 °C. 

Single myelinated fibres from rabbit and frog (Rana pipiens) 
sciatic nerves were dissected and voltage-clamped’. The nerve 
chamber was initially allowed to stabilise at room temperature 
(25 °C). Pre-cooled liquid was then pumped through the brass 
block enclosing the nerve chamber, gradually cooling the whole 
preparation to about 0°C in 15 min. The temperature was 
measured throughout the experiment by a small thermocouple 
(50 wm diameter) located about 1 mm beneath the node in the 
pool containing the node. A single fixed depolarisation to 
—20 mV (rabbit) or to ~S mV (frog), preceded by a hyper- 
polarising prepulse to ~125 mV to remove sodium inactivation, 
was used to assay sodium conductance every 0.3-1°C as the 
temperature fell from 25 to 0 °C. At the end of the experiment, 
the temperature dependence of the internodal resistance was 
measured over the same temperature range and used to correct 
for consequent changes in current. Typically, the internodal 
resistance increased progressively, rising by a factor of about 1.3 
in both frog and rabbit nerve when the temperature fell by 10 °C. 
The net ionic current associated with the test pulse in a rabbit 
node consisted of an inward current superimposed on an 
outward leak current, potassium current being virtually absent 
in the mammalian node”. In frog nerve, tetraethyl-ammonium 
was added to block potassium current. After subtracting the leak 
component from the total ionic current, the values of 7, for both 
frog and rabbit nodes were determined by fitting the sodium 
current to the expression: 


Ing= Gie” =e yr 


with p = 2 for rabbit and p = 3 for frog. 

Figure 1 shows typical sodium current records from a frog and 
rabbit node of Ranvier at different temperatures. A 5 °C fallin 
temperature from 23°C slowed the kinetics of the sodium 
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Fig. 1 Sodium currents in a rabbit (a,c) and frog (b, d) node. 
Each pair of currents shows the response at a given temperature 
(23 or 6 °C) superimposed on one at a temperature 5 °C lower: a 
and b, 23--18° C; c and d, 6-1 °C. In the rabbit Ey, was +70 mV at 
25°C and +65 mV at 0°C; in the frog the corresponding values 
were +58 and +65 mV, respectively. The sodium current after leak 
subtraction and correction for temperature-dependent changes in 
the internodal resistance was calibrated by assuming a value of 
10 mf for the internodal resistance at 25 °C. Note that the time to 
peak is increased relatively more in c than in a. 


current in both frog and rabbit nerve by about the same extent 
and produced a similar decrease in the size of the current (Fig. 
la, b). However, a 5 °C fallin temperature from 6 °C produced a 
much bigger decrease in the peak current and a larger pro- 
longation of sodium inactivation in the rabbit than in the frog 
(Fig. 1c, d). These effects of cooling were reversible on re- 
warming. 

Figure 2 shows in greater detail the temperature dependence 
of the maximal sodium conductance, gx,, and the time constant 
of inactivation, 7,, for five rabbit and six frog nodes. The value of 
gn, was determined by extrapolating the decay phase of the 
sodium current back to the onset of the test pulse at each 
temperature. Figure 2 shows clearly that the curves for the 
temperature dependence of these parameters in frog and rabbit 
nodes have different shapes; in the frog the slope of the curve 
remains roughly constant over the whole temperature range*”, 
whereas in the rabbit there is a marked change in slope at about 
6 °C. Thus, the value of 7, for rabbit at -20 mV increased by a 
factor of about 1.73 for a 5 °C drop in temperature from above 
15°C (Qo about 3), whereas below a transition temperature 
region (about 6 °C) the same drop in temperature increased Th 
5.7-fold (Qo about 33). Similarly, the values for na, which 
depended only moderately on temperature above 6°C (Qio 
about 1.7), became much more sensitive to temperature below 
6°C, the Qio for the decrease being about 4.7. Because the 
rising phase of the sodium current was relatively fast, and 
because relatively few computer sampling points were taken 
during it, measurements of 7,, were too uncertain for us to 
determine whether or not a similar discontinuity occurred with 
this parameter. 

Several factors besides a reversible reduction of gx, could 
have caused the marked decrease of sodium current at low 
temperatures: for example, a reduction in Ey, or shifts of the 
hol E) and Py,(E) curves with temperature. In the present study, 
the average values of Ey, at 25 °C and 0 °C were both 65 mV for 
frog nodes, and 65 mV and 60 mV, respectively, for rabbit 
nodes. A decrease of as much as 10 mV on cooling would have 
decreased the sodium current associated with the test pulse (at 
~20 or —5 mV) 1.2-fold at most. Furthermore, although the 
hæl E) curves in both frog and rabbit were consistently shifted in 
the hyperpolarising direction (by 5-19 mV) when the tempera- 
ture was lowered from 25 °C to 0°C, this shift could not have 
contributed significantly to the observed decrease in sodium 
current because a large negative prepulse was used to remove 
any inactivation. Finally, any shift in the P,,, (E) curve was small 
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Fig. 2 Arrhenius plot of maximal sodium conductance gn, (a) 
and of time constant of inactivation 7, (b) for frog and rabbit nodes. 
The data obtained from five rabbit and six frog nodes were 
normalised in each experiment by finding a least squares fit to the 
data points between 18 and 12°C and scaling all experimental 
points for that node so that the conductance at the mid-points of 
the lines (the expected value at 15 °C) were 0.27 uS and 0.25 uS for 
the rabbit and the frog nodes, respectively, in panel a, and the 
corresponding times were 1.4 ms and 1.9 ms for the rabbit and the 
frog, respectively, in panel b. These values were chosen because 
they were the actual average values for gy, and ra obtained 
experimentally. Each point is the average of 2-9 observations for 
Ēna and 2~19 observations for rp. The error bars drawn through 
each point (+1 s.e.m.) are usually smaller than the symbols. The 
rate of fibre rundown was slow compared with the rate of cooling 
and was not corrected for. However, rewarming took about 5 times 
as long leading to a hysteresis in the gx, but not the 7, curves. Two 
rewarming experiments are included in the mammalian r, curve. 


or absent (<+10mV) and so could not have caused any 
substantial variation in current size with temperature since the 
test pulse of 60-75 mV was in the potential range in which the 
Pynal E) curve had already reached a plateau, at both 25 °C and 
0°C. 

The temperature-dependent transition reported here for the 
conductance of the sodium channel of mammalian myelinated 
nerve thus resembles the temperature-dependent transition 
already reported for the acetylcholine-activated channel 
conductance®’ and for other membrane proteins where activity, 
transport or mobility within the lipid have been assayed as a 
function of temperature’; it also resembles the transition found 
in frog nerve and muscle®. A change in membrane fluidity is 
thought to occur at these transition temperatures. It is possible 
that the same mechanism underlies the marked temperature 
dependence of the various functional parameters of sodium 
channel reported here for the rabbit node of Ranvier. Alter- 
natively, a conformational change in the channel protein might 
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have occurred. The fact that there seems to be little or no 
discontinuity in the electrical parameters of the frog node of 
Ranvier in the present study may reflect species differences in 
the lipid composition of the membrane, or differences in the 
sodium channels themselves. Interestingly, in the rabbit nerve 
the transition temperature region is about the same for 7, and 
Ēna, SUggesting that the molecular structures regulating fya and 
those controlling the gating process, are surrounded by a similar 
lipid environment’. The nature of the marked reduction of gy, at 
low temperature is unclear; it may result either from a tempera- 
ture-dependent block of the sodium channels or from a reduc- 
tion in the single channel conductance. These alternatives might 
be distinguished by noise analysis experiments. If the transition 
temperature reported here is related to a phase change in the 
lipid surrounding the channel, then it might be possible to alter 
this temperature using agents that modify membrane fluidity. 

We thank Dr J. V. Howarth for help in the construction and 
mounting of the thermocouple used in these experiments. We 
also thank Dr W. Schwartz who introduced us to the method of 
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Sclerosis Society. 
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In vitro activation of a 
human macrophage-like cell line 


SEVERAL permanent murine macrophage-like cell lines exhi- 
biting various macrophage-associated effector functions have 
been described’, but establishment of permanent human 
macrophage cell lines has been much more difficult*. Recently 
Sundström and Nilsson’ reported the establishment of a human 
histiocytic lymphoma cell line, U937, with macrophage charac- 
teristics. This line was further adapted to rapid growth in vitro by 
Lachman et al.. During studies of major histocompatibility 
complex antigens on a number of human lymphoid cell lines we 
failed to detect la-like antigens (HLA-DR) on U937. Because 
these alloantigens have been reported to occur on early myeloid 
cells’ and might therefore be regarded as differentiation 
antigens of stem cells, an attempt was made to produce differen- 
tiation and expression of new cell surface molecules on U937. 
Procedures similar to those used to produce differentiation of 
myeloid cell lines® and promote growth of macrophages in 
culture were tried. Although U937 cells failed to express Ia-like 
antigens they underwent remarkable morphological and 
functional changes. We report here that U937 can be activated 
by supernatants from human mixed lymphocyte cultures (MLC). 
Although this activation takes several forms, the findings repor- 
ted here show marked augmentation of antibody-dependent 
cellular cytotoxicity (ADCC) against erythroid and tumour 
target cells. 

Figure 1 presents photomicrographs of normal U937 (Fig. la) 
and activated U937 cells (Fig. 1b). Activation markedly alters 
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Fig. 1 Cytocentrifuge preparations of unactivated (a) and 
activated (b) U937 cells. Human macrophage-like line U937 was 
adapted to continuous growth in suspension culture independent of 
monolayer cells or their supernatants”. Generation time was 16- 
20 h. Unactivated cells (a) are grown in RPMI-1640 supplemented 
with 10% FCS. Activated cells (b) were cultured for 20 h in normal 
culture medium supplemented with 30% conditioned medium 
obtained in a one-way MLC on day 6 of culture. The CM used for 
the experiments presented in this paper used peripheral 
mononuclear cells from donor DS and an allogeneic B-cell line 
JoKo (irradiated) as stimulator. Wright stain, x672 magnification. 


the appearance of U937 cells: the cells become larger, the 
cytoplasm more vacuolated and the membrane more villous. In 
culture the activated cells are more adherent and have increased 
intensity of nonspecific esterase staining (not shown). 

One of the principal functions of macrophages is their ability 
to mediate ADCC'™. We therefore chose the ADCC assay to 
measure differences in activity of U937 macrophage-like cells. 
The ADCC data of five representative experiments are presen- 
ted in Table 1. Unactivated U937 cells exhibited varying levels 
of ADCC activity against chicken red cell targets modified with 
TNP (CRC-TNP), as represented in the minimal levels of 
activity in experiments 1, 2, 4 and Sa, with higher levels in 
experiment 3. The reason for the fluctuating baseline ADCC 
levels of normal unactivated U937 is not clear. This variability 
may be caused by cell-cycle dependence of activity or 
‘nonspecific’ activation by fetal calf serum (FCS) components. 
In contrast, U937 cultured with supernatants of human MLCs 
(conditioned medium, CM; see legend to Table 1), consistently 
showed increased activity in ADCC against CRC-TNP targets. 
This strong activity of activated U937 was not restricted to 
CRC-TNP targets; similar results were observed using sheep red 
cells modified with TNP (SRC-TNP) (Table 1, experiment 5b). 
Neither activated nor unactivated U937 were cytotoxic against 
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0 
Table 1 Antibody-dependent cellular cytotoxicity of activated U937 
cell line against erythroid target cells 
ee Ee Se ye ee 


ADCC/CRC-TNP 
% Specific lysis 





Activating* 

Expt supernatant 8:1 4:1 2:1 1:1 
None 8.5 5.4 2.5 1.3 
CM 57.1 47.1 33.8 18.7 

> None 4.1 1.7 0.8 —0.8 
ià CM 56.5 54.1 46.8 29.6 
3 None 21.4 11.9 8.5 
CM 54.2 42.2 31.9 

None 1.9 0.8 0.0 0.1 

4 CM 31.8 19.7 11.7 5.8 
JoKot 4.4 2.4 2.6 0.8 

DSt 6.6 4.2 1.9 0.8 

s None 1.3 0.9 0.5 0.5 
ez CM 41.1 33.2 24.5 15.2 

ADCC/SRC-TNP 

Sh None 5.1 1.3 1.6 —Q,5 
É CM 18.9 12.2 10.9 11.4 





The effect of U937 activation on ADCC against erythroid target cells. 
ADCC was tested in a 2-h *'Cr release assay against 3 x 10° chicken red 
cells (CRC) or sheep red cells (SRC) modified with 2,4,6-tri- 
nitrobenzene sulphonic acid (TNP) and coated with rabbit anti-TNP 
antibodies, a method previously described’. The *'Cr released in such an 
assay was due only to extracellular killing’. Assays were carried out in 
triplicate and s.e. did not exceed +5%. Spontaneous release of the 
targets in medium alone ranged between 0.5 and 2.0%. Since 
insignificant ADCC activity was shown by unactivated or activated 
U937 cells in the absence of anti-TNP antibodies, the results presented 
here show only the killing in the presence of anti-TNP antibodies. 

* Conditioned medium (CM) was obtained as described in Fig. 1. 

t CM from irradiated JoKo (B-cell line) cultured alone. 

t CM from peripheral mononuclear cells of individual DS cultured 
alone, 


CRC-TNP or SRC-TNP in the absence of sensitising antibodies 
(data not shown). 

To assess the extent to which product(s) of MLC supernatants 
were responsible for U937 activation, control experiments using 
supernatants of the responder cells or‘the irradiated stimulator 
cells of the MLC grown alone, were performed. Culturing U937 
with CM from cultures of the responder alone (experiment 
4—DS) or irradiated stimulator cells of the MLC (experiment 
4—JoKo) resulted in low ADCC activity similar to that by 
unactivated cells (experiment 4). 

The possibility that CM could enhance ADCC if present in the 
assay by a carry-over mechanism was also tested. CM added to 





Table 2 Phagocytosis of erythroid target cells by activated U937 





% Phagocytosis 


Activating — 

Supernatant Anti-TNP Exptl Expt2 Expt3 Expt 5a Expt 5b 
None 8.3 10.3 66 -0.8 -3.2 
None 12.8 12.2 25.7 0.6 3.4 


Ea 
CM = 7.9 10.5 7.7 -09 -08 
+ 17.9 29.1 26.1 10.2 39.9 





The effect of U937 activation on phagocytosis of erythroid target 
cells. Phagocytosis was determined by measuring *'Cr of the endocy- 
tosed erythrocytes (CRC-TNP and SRC-TNP) by U937, according to 
the method of Walker and Demus*. The phagocytosis experiments 
presented here correspond to the ADCC experiments with the same 
number as shown in Table 1. Therefore, experiments 1, 2, 3 and 5a were 
done with CRC-TNP, whereas SRC-TNP were used for experiments 5b. 
The E:T ratio chosen for the phagocytosis experiments was 8:1. 
Groups without anti-TNP antibodies added represent Fc-independent 
phagocytosis, whereas groups with anti-TNP antibodies reflect Fc- 
dependent phagocytosis (‘immune phagocytosis’). 
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unactivated U937 cells during the 2-h ADCC assay, however, 
did not alter their activity (data not shown). 

The activation of U937 is rapid. Enhanced ADCC against 
CRC-TNP was seen 6h after addition of CM and reached a 
twofold increase after 28 h (Fig. 2a). In another study stimula- 
tion was measured as early as 3 h, reaching a peak after 3-5 d. 
Cultures fed with normal medium gradually lost activity after 3 
weeks. 

As ADCC is Fc receptor (FcR) dependent it was of interest to 
test whether activation of U937 correlated with FcR expression 
by these cells. A steady increase in the number of FcR+ cells was 
indeed detected by rosetting with antibody-coated erythrocytes 
(EA rosettes) as shown in Fig. 2b. A doubling in the number of 
FcR+ cells occurred during the first 28 h. By using aggregated 
1251 IgG, as an independent measure of FcRs, a similar rising 
pattern was seen during activation. These data (not shown) 
clearly establish a direct relationship between the number of 
FcR+ cells in the activated U937 population and Fc-dependent 
phenomena such as ADCC. 

Phagocytosis by activated U937 was enhanced in several 
experiments (Table 2, experiments 2, 5a and 5b) while in others 
(experiments 1 and 3) it did not exceed phagocytic levels of the 
unactivated U937. In all cases a greater percentage of target 
cells was phagocytosed when antibodies were present (antibody- 
dependent) than when they were absent (antibody-indepen- 
dent). 

Although human peripheral blood monocytes have 
repeatedly been shown to mediate ADCC to several red cell 
targets’, their role in ADCC against tumour targets is contro- 
versial. Many studies suggest that antibody-coated tumour 
targets are killed by K cells‘*’', whereas others ascribe this 
effector function to both K cells and macrophages’*™. 
Unactivated U937 cells have no ADCC activity against neo- 
plastic cells. However, in vitro activation of the cell line as 
described in Fig. 1 resulted in significant and reproducible 
cytolysis of a variety of neoplastic cells (see Table 3). A wide 
spectrum of lymphoblastoid cell lines (LCL) and a myeloid line 
were lysed by activated U937 in a 4-6.5h assay at 
effector : target ratios varying from 12.5: 1 to 100: 1. Target cells 
of human (HSB, MOLT4, SB and K 562) and murine (EL4 and 
RL61) origin with different surface characteristics were found to 
be sensitive targets. 


40+ a 


ADCC vs CRBC-TNP 
specific lysis (%) 


EA rosettes (°%) 





Fig. 2 Time kinetics of U937 activation and its effect on ADCC 
and FcR expression. a, ADCC of unactivated and activated [C 
U937 was measured in a 2-h *'Cr release assay against CRC-TNP 
(see Table 1). U937 cell line was activated with 30% CM and 
samples were tested after 3, 6, 9, 12, 21 and 28 h of cultivation. 5, 
FcR+ cells in the activated U937 population C were measured by 
their ability to form rosettes with ox red cells (ORC) sensitised with 
rabbit 7S anti-ORC antibodies. FcRs were expressed in 30-40% of 
unactivated U937 cells (data not shown). 
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Table 3 Antibody-dependent cellular cytotoxicity of activated 0937 
against tumour target cells 





% Specific lysis 





Human targets* Murine targetst 


E:T 
Expt ratio HSB MOLT4 SB K562 EL4 RLői 
1 100:1 22.6 13.7 4.8 29.9 
50:1 19.0 18.4 5.3 26.0 
25:1 16.0 13.5 6.3 26.7 
2 50:1 8.0 7.0 6.5 26.7 
25:1 5.9 3.0 5.4 18.8 
12:1 4.8 4.0 2.6 11.1 
3 50:1 45.3 14.5 21.4 24.2 
25:1 46.2 10.5 17.2 26.8 
12:1 33.8 9.1 15.6 14.2 
4 50:1 52.9 7.5 40.5 
25r] 43.8 6.1 36.8 
12:1 37.8 2.2 25.8 





The effect of U937 activation on ADCC against nucleated tumour 
target cells. ADCC was tested in a 4-6.5 h °'Cr release assay against 
1x 10* target cells TNP-modified and coated with anti-TNP antibodies 
as described above (see Table 1). Controls of unactivated U937 and cell 
mixtures in the absence of anti-TNP antibodies were negative and were 
therefore omitted. Activation was performed as descirbed in Fig. 1. 

* HSB and MOLT 4 are leukaemic T-cell lines, SB is a B-cell line, and 
K562 is a myeloid leukaemia cell line. 

+ EL4 and RL@1 are T-cell lymphomas. All cell lines were carried as 
suspension cultures in vitro. 


This study describes for the first time, the activation of a 
human macrophage-like cell line in vitro. U937 cells activated by 
supernatants of human MLCs exhibit a dramatic increase in 
their ADCC activity towards a variety of erythroid and 
nucleated-neoplastic targets. The activation is rapid and the 
marked morphological changes which occur are accompanied by 
an increase of FeR-bearing U937 macrophage-like cells. These 
results are in accordance with those of Shaw et al. who have 
demonstrated ADCC activity by peripheral monocytes against 
nucleated target cells although McDonald et al.”° and Nelson et 
al.*' have reported activity mediated exclusively by K cells in 
their systems. The demonstration that a human macrophage- 
like cell line mediates ADCC against erythroid and neoplastic 
cells, and that this activity can be augmented, or in most cases 
induced in culture, will allow further investigation into the 
mechanism of activation and cytolysis by human macrophages. 
Biochemical studies of the activating molecule(s) are in pro- 
gress. 
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preparing the manuscript. This work was supported by NIH 
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Specific depletion 
of alloreactive 
cytotoxic lymphocyte precursors 


THE major barrier to replacement therapy in various clinical 
immunodeficiency states ts the likelihood that the transferred 
immunocompetent T lymphocytes would react against allo- 
antigens of the recipient and produce graft-versus-host (GVH) 
disease’. The logical resolution of this problem would be to 
delete or inactivate those clones of T cells which are specifically 
coded to react against the histocompatibility antigens of the 
recipient tissues. The remaining cell population could then fully 
reconstitute the recipient without danger of GVH reactions. 
Specific clonal deletion of this kind has been obtained in 
experimental animal situations by pre-circulation through a 
third-party host?’ or by induction of specific anti-idiotype 
immunity*. These studies show the validity of this approach but 
are technically complicated and have limited application. A 
simpler method of obtaining this result has been sought based on 
the following strategy. To reconstitute a strain A mouse by 
transfer of lymphocytes from an allogeneic strain B, the strain B 
lymphocytes are first incubated on a monolayer of cells of strain 
A. Those clones which recognise the strain A alloantigens 
should adhere to the monolayer; the non-adherent populations 
of cells should now be unable to react against alloantigens of 
strain A but should still respond to alloantigens of other haplo- 
types. Although this kind of technique has been widely effective 
in removing fully activated cytotoxic lymphocytes (T,)*”, its use 
to deplete alloreactive T., precursors has given variable 
results®*°"'®. Significant depletion of precursors has been 
reported primarily when the non-adherent cells have been 
assayed in vivo'*-'®, but this has been claimed to be due to 
change in the responder cells, not depletion, as the same popu- 
lation assayed by in vitro generation of T, shows no evidence of 
depletion'®. We present here a simple depletion method 
developed from our finding that when splenic lymphocytes are 
incubated for a few hours before being formed into a monolayer, 
they can effectively absorb alloreactive T, precursors even when 
assayed by the sensitive in vitro assays. 

Figure 1 shows the results of experiments in which BALB/c 
responder cells were absorbed on monolayers of spleen cells 
constructed by attachment to Petri dishes coated with poly-L- 
lysine (PLL); the non-adherent responder cells were then 


Table 1 The ability of pre-incubated B10 and BALB/c monolayers specifically 
to deplete B10.BR T, precursors reactive towards H-2® or H-2“ alloantigens 


Cytotoxic titre 

Pre-incubated H-2" H-24 

Responder monolayer Stimulator target target 
B10.BR — B10 20.0 8.4 

B10.BR ~ BALB/c <j 55.7 

B10.BR B10 B10 <i 16.8 

B10.BR B10 BALB/c <] 250.0 

B10.BR BALB/c B10 50.1 5.0 

B10.BR BALB/c BALB/c <I 3.3 





B10.BR responder cells were absorbed on monolayers of B10 or BALB/c 
preincubated spleen cells as described in Fig. 1. Non-adherent celis, or unfrac- 
tionated responders as controls, were stimulated by either B10 or BALB/c 
alloantigen. The cytotoxic titre for a given T, population was calculated as the 
reciprocal of the highest dilution of the T, population which gave 15% specific lysis 
of the target concerned. 
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cultured with X-irradiated stimulator cells and after 5 d assayed 
for the presence of T.. Absorption on monolayers of fresh 
C57BL/10 (B10) spleen cells failed to reduce the BALB/c T. 
response to stimulation with B10 alloantigen (Fig. la), in 
agreement with reports of similar failures®’®. In contrast, 
absorption on monolayers constructed with B10 spleen cells 
which had been preincubated at 37°C for 4h abolished the 
response to B10 alloantigens (Fig. 1b). The specificity of the 
absorption is shown by the ability of the same population of 
non-adherent BALB/c cells to mount a normal T, response to 
B10.BR alloantigens, and further by the failure to deplete the 
response to B10 or B10.BR alloantigens when the absorbing 
monolayer was composed of preincubated BALB/c spleen cells 
(Fig. 1c). The latter experiment also demonstrates a consistent 
finding that absorption on a monolayer of preincubated cells 
commonly increases the T, response to haplotypes other than 
that of the absorbing monolayer, but this is not attributable to 
carry-over of monolayer cells. In this experiment, and those 
described below, the numbers of non-adherent cells recovered 
after incubation on the absorbing monolayer were consistently 
97-102% of the number of responder cells applied, and by 
immunofluorescence tests with anti-H~2 antisera, cells of 
monolayer haplotype comprised only 3-6% of this population. 

Table 1 shows that the technique is applicable to other strains. 
B10.BR spleen cells were specifically depleted of T, precursors 


Specific lysis 


Ü 
Zo 





0.06 0.25 1.0 
Te Dilution 


0.06 0.25 10 


0.06 0.25 10 


Fig. 1 Effect of pre-incubation on the ability of splenic monolayers to 
deplete T, precursors. Monolayers for absorption were constructed by 
attaching ~2x10 spleen cells to polystyrene Petri dishes (50x13 mm, 
Sterilin no. 122) previously coated with poly-L-lysine (Sigma)®. The spleen 
cells, prepared as previously described’, were used immediately or after 4 h 
incubation in 75-cm? flasks (Falcon no. 3024) containing 30 m} Eagle's 
minimum essential medium plus non-essential amino acids, supplemented 
with 10% v/v fetal calf serum (FCS) and 7x 107'° M 2-mercaptoethanol 
(MEM.FCS) at 37 °C with 10% CO, in air (pre-incubated spleen cells), The 
monolayers were washed twice in phosphate-buffered saline, overlaid with 
2 ml of MEM.FCS and incubated for 5 min at room temperature before 
addition of responder cells (2< 107) in 2 mi MEM.FCS. The dishes were 
centrifuged at 100g for 5 min in a prewarmed MSE Mistral 2L centrifuge 
and incubated for 1h at 37°C with 10% CO, in air. The non-adherent 
responder cells were recovered from the dishes by brief agitation, washed 
once, and 210" resuspended in 9ml MEM.FCS and transferred to a 
25-cm? flask (Falcon no. 3013). Control cultures containing 2 x 10” unfrac- 
tionated responder cells in 9 ml MEM.FCS were similarly prepared. To each 
flask 2 x 10’ X-irradiated (1,000 R) B10 or B10.BR stimulator spleen cells 
were added in 1 mi MEM.FCS, All cultures were prepared in duplicate and 
incubated at 37 °C for 5 d with 10% CO, in air. Cytotoxicity was determined 
using a microassay previously described'*. Duplicate cultures were pooled, 
washed and resuspended in 0.6 ml RPMI 1640 supplemented with 10% v/v 
FCS. All T, populations were titrated against °'Cr-labelled tumour target 
cells of both stimulator haplotypes. The results obtained were expressed as 
% lysis s.d. of triplicate determinations. Per cent specific lysis represents 
the % lysis minus the spontaneous release of label by target cells incubated 
with medium alone. Absorption of BALB/c (H-2°) responders on: a, fresh 
B10 (H~2°) monolayers; b, preincubated B10 monolayers; c, preincubated 
BALB/c monolayers. Comparison of the cytotoxicity generated against the 
homologous tumour target cell, when non-adherent responder cells were 
stimulated with B10 (O7 O}, or B1O.BR (H-2*, Oo CI) as an 
unrelated haplotype, with unfractionated controls similarly stimulated (B10 
@®-——@, B10.BR W-E). To eliminate any effect of storage of the 
responder cell populations during the 4-h preincubation of monolayer cells, 
a separate, fresh responder population was prepared for those experiments 
in 6 and c; hence, the unabsorbed control values differ slightly in a from 
those in b and c. 
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against H—-2° or H-2” alloantigens by exposure to monolayers of 
preincubated BALB/c or B10 spleen cells, respectively. Similar 
results were obtained when CBA responder cells were used. The 
technique described thus seems applicable to several strain 
combinations. 

Two further sets of experiments, by eliminating alternative 
explanations, strongly supported the suggestion that the results 
obtained are attributable to binding of T, precursors to the 
absorbing monolayer. First, 10’ B10.BR cells which remained 
non-adherent after exposure to a monolayer of 4-h incubated 
B10 cells were added to an equal number of untreated, 
normal B10.BR spleen cells and cultured for 5d with X- 
irradiated B10 stimulator cells. For comparison, a mixture of 
10’ X-irradiated and 10’ normal B10.BR responder cells were 
cultured in the presence of X-irradiated B10 stimulator cells. 
Control cultures containing 10’ non-adherent and 10’ X- 
irradiated B10.BR responder cells were similarly stimulated. 
The results in Fig. 2 show that the non-adherent B10.BR cells 
did not significantly suppress (P > 0.3) the response of normal 
B10.BR spleen cells to stimulation by B10 alloantigens. These 
results argue against the reduction in T, generation achieved by 
pre-exposure to an absorbing monolayer being attributable to 
induction of a suppressor population, or to blockage of the 
response by B10 cells or cell debris carried over from the 
monolayer. 

Second, the reduction in T, generation is not due to depletion 
of a proliferative, helper population which has been claimed to 
be necessary for T, generation”. This was established by 
comparing “H-thymidine incorporation and T, generation of 
BALB/c cells which had been exposed to an absorbing 
monolayer of 4-h incubated B10 cells. The results in Table 2 
show that, as expected, the non-adherent BALB/c cells were 
unable to mount a cytotoxic response when stimulated by B10 
alloantigen but continued to show a normal T, response to 
B10.BR alloantigen. However, the proliferation of the non- 
adherent BALB/c cells in response to B10 stimulation has not 
been impaired; thus, the B10 monolayer has not depleted this 
responding, helper-type population. This result has been 
confirmed in four other experiments. The controls in this 
experiment show that the non-adherent cells show no significant 
proliferation in the absence of any added stimulus, implying that 
significant carry-over of B10 antigen or of B10 cells capable of 
proliferation (or stimulation) has not occurred. This agrees with 
the immunofluorescence tests cited above which showed only a 
very low release of monolayer cells. Further corroboration that 
our results are attributable to specific binding of the T. pre- 


Table 2 Absorption of BALB/c responder cells on pre-incubated B10 
monolayers fails to reduce the proliferative response of the non-adherent respon- 
der cells towards B10 alloantigens 


Proliferative Cytotoxic titre 


Preincubated response H-2° H-2* 

Responder monolayer Stimulator CH ¢.p.m.) target target 
BALB/c = B10 31,697 +2,786 16.7 2.0 
BALB/c _ BIO BR 43,967 + 2,756 1.0 20.0 
BALB/c B10 B10 34,987 + 2,625 <1 1.7 
BALB/c B19 B10.BR 49,4574 3,233 <1 21.3 
BALB/c B10 BALB/c 5,572 +416 

BALB/c B10 Nil 5,147 +330 

BALB/c — BALB/c 4,905 +487 

BALB/c = Nil 4,709 + 349 

Nil _ BALB/c 90431 


BALB/c responder cells were absorbed on monolayers of pre-incubated B10 
spleen cells as described in Fig. 1. 10’ Non-adherent cells, or 10’ unfractionated 
responders as controls, were stimulated by 10’ X-irradiated (1,000 R) B10, 
B10.BR or BALB/c stimulators, or none (nil), in 5 mi medium. To determine the 
proliferative response, duplicate 0.3-mi samples of each culture, after 3 d incuba- 
tion, were transferred to a microtitre tray (Sterilin no. M29ARTL). Following 
centrifugation at 100g for 5 min, approximately half the supernatant was dis- 
carded and 25 ul of medium containing 0.5 pCi of 7H-thymidine was added to each 
well. After incubation in a humidified box for 18 h with 10% CO, in air, cultures 
were transferred to microtubes and collected according to the method of Smart es 
al.*°. Results obtained were expressed as `H c.p.m., and represent the mean +s.d. 
of quadruplicate determinations. Cytotoxicity was determined as described in Fig. 
1 after 5 d incubation. 
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Fig. 2 Failure of B10.BR responder cells, non-adherent to pre-incubated 
B10 monolayers, to suppress the cytotoxic response of normal, unfrac- 
tionated B10.BR responder cells to B10 alloantigens. 10’ B10.BR respon- 
der cells which remained non-adherent after exposure to a monolayer of 4-h 
incubated B10 cells, were added to an equal number of untreated, normal 
Bi0.BR spleen cells (W -- W), and cultured for 5 d with X-irradiated B10 
stimulator cells. Controls containing 10’ X-irradiated (1,000 R) and an 
equal number of normal B10.BR responder cells (@-——~--@), and 10’ non- 
adherent and 10’ X-irradiated B10.BR responder cells, (3 - <- - L) were 
similarly stimulated. Cytotoxicity was determined by titration of the T, 
populations against *'Cr-labelled H-2” tumour target cells. 


cursors by the absorbing monolayer comes from preliminary 
experiments in which T, against the monolayer haplotype were 
generated by culturing the adherent cells. 

In conclusion, the method outlined here of absorption on a 
monolayer of preincubated lymphocytes gives extensive haplo- 
type-specific depletion of T, precursors when subjected to the 
sensitive assay of in vitro induction of cytotoxic lymphocytes and 
has so far been successful in tests using various responder- 
stimulator combinations of eight mouse strains. The success of 
this method, in contrast to the variable results achieved in earlier 
reports, is due to the use of preincubated lymphocytes, which 
seem to form a more efficient absorbing monolayer. This could 
be due to a change in antigen presentation”’, which increases the 
binding affinity of T, precursors, or to an increased binding of 
the absorbent monolayer cells to the PLL-plastic, preventing 
dislodgement of any complex of bound T, precursors and 
absorbing cell, or to a combination of both these factors. 

Our results suggest two areas for further investigation. First, 
to define the change(s) induced by the pre-incubation of spleen 
cells that leads to effective T, precursor binding, and second, to 
investigate whether GVH activity is affected by the removal of 
T, precursors. However, the ability to deplete, and possibly 
recover, a population of T cells with restricted haplotype 
alloreactivity should be of immediate value in other areas of 
immunology, for example, in clarifying the role of major histo- 
compatibility complex products in recognition by T cells”’, or in 
evaluating the alternative models which have been proposed for 
alloreactive T-cell triggering”. 

This work was supported by an Australian NH and MRC 
grant to W.B. H.Y.S. is supported by a Commonwealth Post- 
graduate Research Award. We thank Julie Ogilvie for technical 
assistance. 
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Reciprocal expansions of idiotypic 
and anti-idiotypic 
clones following antigen stimulation 


IT has been postulated by Jerne that a network of idiotypic and 
anti-idiotypic interactions between lymphocytes may constitute 
a principal form of immune regulation’”. This network would 
control and ‘remember’ the antigen-induced activation of a 
particular (idiotypic) clone through its idiotopic or paratopic 
interactions with regulatory clones. These latter clones would in 
turn be regulated in the same fashion, creating what Jerne has 
called a ‘web of V-domains’ (ref. 2). Current experimental 
evidence strongly supports the concept of idiotype-directed 
regulation and also documents phenotypic complexity within 
the anti-idiotype response; for example, anti-idiotypic cells 
(and/or their products) may help or suppress the idiotypic 
response**. However, this apparent complexity does not 
diminish the importance of Jerne’s basic premise that reciprocal 
activation between idiotypic and anti-idiotypic clones could 
establish an equilibrium system capable of regulating the 
immune response’, We present here evidence for oscillatory 
behaviour in the population dynamics of a single, antigen- 
stimulated clone and for the reciprocal behaviour of the specific 
anti-idiotypic (idiotype binding) clones. 

Our studies used the T-15/phosphorylcholine system in 
BALB/c mice. These mice, immunised with a vaccine of strain 
R36a Streptococcus pneumoniae (Pn), produce an essentially 
monoclonal, T-independent antibody response. The idiotype 
(T-15) of this anti-Pn antibody is shared with the myeloma 
protein secreted by the BALB/c plasmacytoma, TEPC-15. 
Both are specific for the hapten phosphorylcholine (PC)'*. The 
kinetics and magnitude of the response of the T-15-bearing cells 
in the spleen was determined in two ways: (1) by the binding of 
radioactive ['*C]PC and (2) by counting anti-Pn antibody 
plaque-forming cells (PFC) in agarose using R36a poly- 
saccharide-coated sheep red blood cells (RBC) as indicator 
cells'*. Both assays gave similar results; only the PFC numbers 
will be presented here. Serum antibody to Pn was measured by 
passive haemagglutination of antigen-coated sheep RBC. 
Changes in those clones recognising the T-15 idiotype (that is, 
the anti-idiotypic clones) were determined by the binding of the 
radiolabelled '*°I-myeloma protein, TEPC-15, on spleen cells. 
As a control, we used: (1) '*°I-MOPC-315 myeloma protein 
which has the same isotype (IgA) as TEPC-15 but which has 
both different idiotype and binding specificity; and, (2) I- 
McPC-603, an IgA myeloma protein that binds PC but does not 
bear the T-15 idiotype’. 

The time course of the idiotypic (T-15) and anti-idiotypic 
(T-15 binding) clonal responses after stimulation by Pn was 
visualised by the sequential immunisation of groups (3-4) of 
BALB/c mice (age- and sex-matched). Daily, for 14 d, a group 
of mice was immunised by an intraperitoneal injection of 20 pg 
of Pn vaccine. Thus, each group represented a unique stage of 
the anti-Pn response. On the 15th day, all immunised mice and a 
group of unimmunised mice were killed, and their spleens 
removed and disrupted into single cell suspensions. These cells 
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were washed three times in media and finall: 
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mice at different stages of the anti-Pn respo 
simultaneously and using the same reagents, 
than three to four mice per interval could be! 
to ensure the reproducibility of the data, 
experiment four times, obtaining similar f 
As shown in Fig. 1, the accumulation of 
in the spleen after a single injection of the antigen 
cyclical pattern: a broad peak on day $ (+700 PFC per 10° 
splenocytes) was followed by a second, sharper peak on day 12 
(= 200 PFC per 10° splenocytes). Specific binding of the hapten 
(PC) to the spleen cells coincided with the.curve of the PFC, 
usually reaching a maximum 1 d before the PFC peak (data not 
shown). However, serum anti-Pn antibody titres. did not reflect 
the cyclical pattern of splenic PFC; tines we e hig hest around 
day 8 and then declined steadily. ~~ ae 
The specific binding of 25) .TEPC-15 by spleen cells from the 
immunised mice also underwent cyclical changes that seemed to 
be out of phase with the PFC curve (Fig. 1 us, the relative 
binding of T-15 (per cent of the control) rose to a maximum 
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Fig. 1 Groups of three to five BALB/c t nice were injedted intraperi- 
toneally with 20 ug of Pn vaccine at 2-14 d before removal of their spleens. 
Aliquots containing 10° viable splenic lymphocytes were assayed for anti-Pn 
PFC (A) and specific binding of '*51-TEPC-15 myeloma protein (@). Serum, 
collected at the time of splenectomy, was assayed for anti-Pn-antibody by 
passive haemagglutination of antigen-coated sheep RBC (CJ). Each symbol 
represents the mean of four experiments (12-15 mice). The vertical bars 
indicate the range of those experiments. For determination of }“1-TEPC-15 
binding, ascitic fluid from BALB/c mice bearing the plasmacytomas TEPC- 
15, MOPC-315 or McPC-603 was recovered and purified by (NH,),SO, 
precipitation and gel (Sephadex G-200) filtration. Each purified protein was 
tested for its capacity to haemagglutinate Pn- or TNP-coated sheep RBC. 
lodination was with radiciodinated Bolton-Hunter reagent (NEN), 5 mg 
protein per mCi I, lodinated proteins were equivalent to non-labelled 
proteins in their ability to haemagglutinate. To determine the optimal 
concentration of radioligand, spleen cells from BALB é injected with 
TEPC-15 protein’? and then allowed to rest for 2. š were incubated 
with 10-fold dilutions of 1-TEPC-15 or I1-MOP -01-100 pg pro- 
tein). Saturation occurred at =] pg for both proteins. Inhibition of binding 
(68-75%) occurred in the presence of 100 »g.cold homologous ligand but 
not with the heterologous ligand or bovine serum albumin. T 
binding, duplicate tubes containing 10° cells in 0.1 mi of ice-cold Hank's 
balanced salt solution containing 2% FCS were incubat ied at 4 °C for 10-12 h 
with =1 yg (0.05 ml) of labelled TEPC-15, MOPC-315 ‘MePC-603. The 
cells were then washed three times in cold Hank’s containing 10% FCS and 
the radioactivity of the cell pellet was determined as cpr. Variation within 
duplicates was routinely less than 15%. Specifie TEPC-15 coer amen 
as: (opm. bound I-TEPC-15)~(c.p.m. bound a fi a on. 
McPC-603). In any single experiment, specific TEPC- 
computed by the subtraction of only one of the control pri 
cpm. of bound MOPC-315 or McPC-603 remains cons 
throughout the 14-d experimental period, both serve 
specificity controls. The specific TEPC-15 binding îs thes 
cent of binding by spleen cells from the control group o 
{control = 100%}, 
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Table 1 °1-TEPC-15 binding in the presence of excess McPC-603* 


Time (days) after immunisation with Pn 
6 


334 
0 3 10 12 
tent tC CC CCC LCC 
T-15 + McPC-603 100 lil 125 86 164 147 127 79 
Average T-15 bound 100 190 150 74 110 115 160 90 
(120-260) (50-100) (90-160) (75-145) (150-195) (60-125) 


(120-180) 


* Groups containing three age- and sex-matched BALB/c mice were immunised as described in the text. On day 0 mice were killed and from each group a suspension of 
pooled spleen cells was made in ice-cold RPMI-1640 media with HEPES buffer (pH 7.3). The cells were washed three times in fresh media and resuspended to a 
concentration of 107 viable lymphocytes per ml. Aliquots of 0.1 mi of the appropriate cell suspension were then added to duplicate tubes containing 3 pg of 5]-TEPC-15 
and 100 ag of McPC-603. Cells were incubated overnight at 4 °C and then washed three times in Hank’s balanced salt solution containing 10% fetal calf serum (FCS) (pH 
7.2). The recovered cell pellets were then counted as described. Binding is expressed as per cent of the day 0 binding value. T-15 binding was measured as described in the 
text. Binding is expressed as per cent of the day 0 control and the range of four experiments is indicated in parentheses. 


(two- to threefold) on day 3, declined steadily until day 6, and 
then increased to a second maximum by days 10-11, which 
immediately preceded the second PFC peak (day 12). T-15 
binding fell on day 12, then increased again to the third maxi- 
mum value on days 13~14. 

The probe for T-15 binding cells—the radioiodinated TEPC- 
15 myeloma protein—could bind in at least three ways: by the Fc 
fragment, by the PC-specific binding site and by the T-15 
idiotope. Thus, the relative changes in T-15 binding on spleno- 
cytes following Pn immunisation could result from members of 
Fc receptor-bearing cells or from residual antigen. The MOPC- 
315 and the McPC-603 myeloma proteins acted as controls for 
these variables; in particular, the McPC-603 protein has the PC 
binding paratope and IgA isotype but lacks the T-15 idiotype”. 
The binding of the control probes, MOPC-315 and McPC-603, 
remained relatively constant (+5% of the day 0 value) over the 
14-d period following immunisation with Pn. The biphasic 
pattern of T-15 binding was retained even when cells were 
incubated with '°I-TEPC-15 in a large excess of McPC-603 
protein (Table 1). Thus, it is likely that the T-15 probe pre- 
dominantly measured anti-idiotypic cells. 

Our data on PFC oscillation agree with previous results 
showing a cyclical pattern of Escherichia coli lipopolysac- 
charide-specific PFC in mice’? and PFC against human 
immunoglobulin in rabbits’®. In the latter study, PFC peaks 
were observed on days 6 and 12 after immunisation and, as in 
our experiments, this oscillation was not reflected in the serum 
antibody levels. 

Earlier work from Nisonoff’s laboratory has demonstrated the 
sequential activation of antigen-reactive clones during the 
immune response’’. To ensure that the T-15 idiotype 
dominated both anti-Pn PFC peaks, we carried out a plaque- 
inhibition assay using a rabbit anti-T-15 antiserum (rendered 
specific by absorptions with: (1) pooled murine IgM; (2) MOPC- 
315; and (3) C57BL/6 spleen cells). The addition of this serum 
at a dilution of 1:500 inhibited both the day 6 and day 12 
BALB/c anti-Pn PFC response by 280%. The C57BL/6 anti- 
Pn response was inhibited by =9% and the BALB/c anti-TNP 
response was unaffected. 

The increase of T-15 binding by splenic lymphocytes (day 3) 
suggests an expansion of the anti-idiotypic clones, presumably 
through cell proliferation. Nonetheless, alternative explanations 
for the increased binding, such as shedding and passive uptake of 
T-15 receptors or a trapping of circulating, receptor-bearing 
lymphocytes in the spleen, cannot be excluded a priori. The 
expansion of the anti-idiotypic clones seems to be cyclical. 
However, the decrease in T-15 binding observed between the 
peaks may be partly due to occupation of the receptors by 
anti-Pn antibody. Because the serum anti-Pn titres do not 
oscillate, it is more likely that this would result from antibody 
production in situ. Within the micro-environment of the spleen, 
local concentrations of idiotypic antibody might be sufficient to 
occupy a significant number of receptors on idiotype-binding 
cells. That the second peak of T-15 binding (day 10) does reflect 
an expansion of the anti-idiotypic clone rather than a mere 
unmasking of the receptors for the idiotype is supported by 
Cosenza’s finding of anti-T-15 PFC during the immune response 
to Pn’. These PFC appeared on days 7-8 after immunisation, 
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following the decline of anti-Pn PFC. We find that at this time 
the T-15 binding begins to increase and continues to do so until 
days 10-11; presumably, the binding assay detects cells other 
than PFC. 

Our data demonstrate the periodic expansion of an antigen- 
activated idiotypic clone associated with a reciprocal expansion 
and diminution of cell-associated, anti-idiotypic (idiotype bind- 
ing) activity. The pattern is consistent with the hypothesis of a 
regulatory network based on an idiotype~anti-idiotype 
equilibrium. It is tempting to speculate that the out-of-phase 
expansions of antibody-forming cells and cell-associated anti- 
idiotypic activity result from the interaction of the idiotypic 
clone with its anti-idiotypic regulators. 

We thank Dr J. Novotny for discussions and Ms C. Berman for 
technical assistance and acknowledge the gift of strain R36a S. 
pneumoniae by Dr H. Kohler. G.K. is the recipient of a Rocke- 
feller Foundation Fellowship. The research was supported in 
part by American Cancer Society grant IM-35 and by USPHS 
grant CA 14922 from the NCI. 
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A possible mechanism for 
insulin resistance and 
hyperglycaemia in NZO mice 


THE New Zealand obese (NZO) mouse is characterised by 
obesity, hyperinsulinaemia, insulin resistance and mild glucose 
intolerance'™®. It has been thought of as a model of the adult- 
type human diabetes mellitus, but neither the genetics of the 
NZO syndrome nor its basic cause have been elucidated. The 
metabolic disturbances found in these mice, for example 
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Table 1 Effect of NZO serum on insulin binding to normal mouse liver 
membranes 





NZO serum 
Control rt 
serum 1:2 1:4 1:8 1:16 1:32 
1257 insulin 
specifically bound 21.5 
(% of total) 


23.9 85 11.6 131 17.0 





Approximately 100 ug of mouse liver membrane (10-week-old NIH 
white mice) was exposed to 50-jl dilutions of NZO serum in pooled 
control serum for 1 h at 24 °C. The membranes were then pelleted in a 
Beckman Microfuge and washed twice by resuspension in 0.1 M sodium 
phosphate buffer at 4°C. '*I-insulin (50 pg; ~13,000 c.p.m.) in 100 yl 
of 0.1% bovine albumin-0.1 M sodium phosphate buffer, pH 7.4, was 
added to the washed membranes, with or without excess unlabelled 
insulin (10 yg) and the mixtures incubated for 90 min at 15°C. 
Membranes were pelleted, washed and counted for '*°I-insulin 
radioactivity in a gamma counter. Radioactivity bound in the presence 
of excess unlabelled insulin (nonspecific binding) was subtracted to give 
specific binding. Results are the means of two experiments each per- 
formed in triplicate. 
increased rates of lipogenesis’’* and defects in insulin 
secretion™'*'*, could well be secondary to chronic hyper- 
insulinaemia and hyperglycaemia. Because the NZO strain 
appeared to share a common ancestry with the NZB model of 
systemic autoimmune disease'*''* we felt that the metabolic 
syndrome in the NZO mouse might have an immune basis. It 
was originally suggested that the insulin resistance of NZO mice 
might be due to an antagonist to the action of insulin’. We now 
report that NZO serum contains a globulin, probably an 
autoantibody, which inhibits insulin binding and indirectly 
immunoprecipitates the solubilised insulin receptor. 

Initial studies were performed with pooled NZO sera from 
mice of both sexes older than 12 months. We then developed our 
own inbred colony from mice derived from the original stock of 
Bielschowsky and Bielschowsky'. The mice had free access to 
food and water and became obviously obese by 8-10 weeks of 
age. Orbital sinus blood samples were obtained between 9 and 
10 a.m. from 5~-20-week-old animals in the post-absorptive 
State. 

The effect of NZO serum on insulin binding was studied by 
preincubating a source of insulin receptors (NZO, BALB/c or 
NIH mouse liver membranes, human placental membranes, or 
cultured IM-9 lymphocytes) with NZO serum serially diluted in 
control mouse serum (NZW, BALB/c, NIH or CBA mice), 
followed by washing and measurement of specific ‘**I-insulin 
binding. The preparation of receptors'*'’, and biologically 
active '**J-insulin’’, and the binding technique’®, have been 
described previously. Preincubation of normal mouse liver 





Table 2 Insulin binding to normal mouse liver membranes pre- 
incubated with serum from two NZO mice, before and after treatment of 
each serum with anti-mouse « antiserum 





'?51-insulin specifically bound 
(% of total) 


Untreated Treated 
Control serum 12.3 12.1 
NZO-3 2.5 6.0 
NZO-4 5.9 10.3 





Serum (75 ul) from male NZO mouse no. 3, female NZO mouse no. 4 
and a normal NIH mouse pool was incubated with 75 ul of rabbit 
anti-mouse « antiserum (Miles, 64-366 lot 11) or with 75 pl of non- 
immune rabbit serum for 18 h at 4 °C. Immune complexes in the samples 
treated with anti-« serum formed visible precipitates after centri- 
fugation in a Beckman Microfuge. The supernatants were aspirated, 
diluted a further 1:2 in normal mouse serum (final dilution 1:4) and 
then tested for an inhibitory effect on '*"I-insulin binding, according to 
the protocol described in Table 1. Results are the means of two 
experiments each performed in triplicate. 
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membranes with dilutions of NZO serum resulted in inhibition 
of subsequent '*°I-insulin binding (Table 1). For unknown 
reasons, undiluted serum either had no effect or actually 
increased binding slightly. Inhibition was specific for '**I-insulin 
and was not seen for '**I-growth hormone. However, preli- 
minary experiments have shown a smaller effect of NZO serum 
on binding to NZO membranes, which may be due to antigenic 
modulation by previous exposure to antibody as the affinity of 
the receptor in NZO membranes is impaired (data not shown). 
Maximum inhibition of binding was 20-80% of control and was 
seen at dilutions between 1:4 and 1:32. Inhibition was never 
observed at serum dilutions greater than 1:64. Re-exposure of 
membranes to fresh serum did not cause a further decrease in 
binding (data not shown). Similar results were obtained in 
heterologous systems using either human placental membranes 
or cultured human IM-9 lymphocytes as receptor sources. 
Treatment of NZO sera with anti-mouse « antiserum partially 
removed the inhibitory activity (Table 2), suggesting that the 
inhibitory factor was an immunoglobulin. 

An immunoprecipitation assay for receptor antibodies was 
performed by incubating serum with Triton-solubilised mouse 
liver or human placental membranes pre-labelled with '**]- 
insulin, followed by addition of a second (precipitating) anti- 
body*’*'. Solubilised mouse liver receptors were immunopre- 
cipitated by NZO serum in a dose-dependent manner, after 
addition of anti-mouse globulin antiserum (Table 3). Pre- 
cipitation of '**I-insulin radioactivity in excess of control was not 
observed with NZO sera in the absence of receptor, thereby 
excluding the possibility of antibodies to insulin itself. 





Table 3 Immunoprecipitation of '?*I-insulin-labelled receptors by 
NZO serum and anti-mouse globulin antiserum 





NZO serum 
Control 
serum 1:10° 1:10? 1:20 1:10 
c.p.m. (% of total) 1.2 1.2 1.7 3.5 5.9 





Normal mouse liver membranes (~50 mg m!~') were solubilised by 
mixing them with 1% Triton (v/v)-0.1.M sodium phosphate buffer, 
pH 7.4, for 1h at 24°C. The mixture was then centrifuged at 200,000¢ 
for 1h. 20 ul (~80 pg of protein) of the clear supernatant containing 
solubilised insulin receptors was incubated for 1 h at 24 °C with a trace 
amount of '**I-insulin (50 pg; ~13,000 c.p.m.) in a total volume of 
180 ul of 0.1 M sodium phosphate buffer. Pooled NZO serum (20 pl) 
serially diluted in control NZW serum, or control serum alone, was then 
added and incubations continued for a further hour at 24°C. The 
mixtures were cooled to 4°C and 50 wl of rabbit anti-mouse globulins 
(Behring Diagnostics lot A2929C) was added for a further 4h at 4 °C. 
Immune complexes, which formed a visible suspension, were pre- 
cipitated by centrifugation in a Beckman microfuge, washed once with 
0.1% Triton buffer and counted in a gamma counter. When the receptor 
was omitted from the initial Triton buffer~'**]-insulin mixture, radio- 
activity subsequently present in the immune precipitate was equivalent 
to that in the control, thus excluding the presence of antibodies to 

I-insulin itself. Results are the means of two experiments each 
performed in triplicate. 


Immunoprecipitation was more sensitive than the binding 
inhibition assay, activity being detected up to serum dilutions of 
1:100 with titres (serum dilutions causing half-maximum 
immunoprecipitation) ranging from 1:10 to 1:40. We attemp- 
ted to determine the class of antibody involved by using a variety 
of second antisera to mouse immunoglobulins A, G and M. 
Antiserum to mouse IgA was ineffective. Weak immunopre- 
cipitation was obtained in the majority of sera tested by using 
either anti-mouse 7S globulins or anti-mouse IgM. We are 
investigating the possibility that the receptor antibody in NZO 
sera may not be well recognised by commercially available 
antisera, or may be a low molecular weight IgM. 

A number of lines of evidence favour an immune basis for the 
metabolic abnormalities in NZO mice. First, the mice are dis- 
tantly related to the autoimmune NZB strain'?'*. Second, the 
Bielschowskys’ demonstrated improvement of obesity, hyper- 
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Finally, t mice of a relatively high incidence of 
spontaneo en-induced tumours’? would be 
consistent w ing immune disorder. 


The relat antibody to age, sex and metabolic 


ed to define the pathological role of the 
C termine whether the NZO model is the 
counterpart of the recently described human syndrome of 
insulin-resistant, diabetes associated with antibodies to the 
insulin receptor’? 7 
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i jue ion of functional LH 
granulosa cells 
cultured ina ‘hemically defined medium 








THE rat ovarian gr: auian cell is an excellent model for studying 
the mechanisms and control of hormone-dependent cell 
differentiation. During graafian follicle development, the 
granulosa cells sequentially develop specific membrane receptor 
sites for follicle-stimulating hormone (FSH)’? and luteinising 
hormone (LH ivo studies on the mechanism of granulosa 











cell differentiation have established that FSH induces the- 
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Fig. 1 FSH induction of hCG binding sites in rat granulosa cells cultured in 
a chemically defined medium. @, Without FSH (in the presence or absence of 
serum); ©, with FSH and 10% hypophysectomised female rat serum; W, 
with FSH in the absence of serum. Immature female rats (Sprague-Dawley, 
23-25 d old) were hypophysectomised and implanted with a 10-mm silastic 
capsule containing diethylstilboestrol (DES) to stimulate granulosa cell 
proliferation. Five days after hypophysectomy, the ovaries were removed 
and the granulosa cells collected and cultured as previously described’. The 
culture medium consisted of McCoy’s 5a medium (modified; GIBCO) 
supplemented with 2mM L-glutamine, 100Umi"' penicillin and 
100 ug mi~’ streptomycin sulphate. The following agents were added where 
indicated; purified oFSH (Papkoff G4-150C; FSH potency = 50 x NIH- 
FSH-SI U per mg; LH potency<0.01 NIH-LH-S! U per mg); andros- 
tenedione (1077M; substrate for aromatisation) and 10% animal serum from 
immature hypophysectomised female rats. The granulosa cells were cultured 
for 2 days in a 95% air~5% CO, incubator (37 °C). After the incubation, the 
granulosa cells were scraped from the dish with a rubber policeman, washed 
twice with 5-ml portions of Dulbecco’s phosphate buffer with 0.1% bovine 
serum albumin (BSA) and the final pellet resuspended in the same buffer. 
Cell number was determined using a haemocytometer. Highly purified hCG 
(CR-119; 11,600 IU per mg) was iodinated by the procedure of Greenwood 
et al.'°. The specific activity (80,000-130,000 c.p.m. per ng) and maximal 
binding capacity (40-45%), were determined by radioligand receptor assay 
using rat testicular membranes*'. Samples (50 pl) of granulosa cells (1 x 10° 
cells) were incubated for 16 h (23 °C) with 100 wl of '°1-hCG (~1 x 107'°M) 
with and without unlabelled hCG (1001U Pregnyl)'*. The absence of 
androstenedione from media did not modify the FSH effect, indicating 
that FSH alone induced the LH/hCG receptors. Data points indicate mean 
+s.e. of six separate experiments with five dishes per determination per 
experiment. 


appearance of the LH receptor sites in the granulosa cell*”, The 
FSH-induced increase in LH receptors is essential for preparing 
the graafian follicle for the pre-ovulatory surge of LH which 
initiates ovulation and subsequent luteinisation of the granulosa 
cells. Studies of cultured granulosa cells have led to the sugges- 
tion that the FSH induction of LH receptors is not a direct 
process but requires an interaction between the granulosa cell 
and other ovarian cell types, a concept consistent with the 
known importance of cell-cell interaction in cell differen- 
tiation®. This hypothesis stemmed from the observation that LH 
receptors can be induced by FSH in granulosa cells in vivo and in 
organ cultures of intact ovarian follicles, but not in isolated 
granulosa cells cultured as monolayers in medium containing 
serum”. We show here that the inability of previous workers’ 

to induce LH receptors in isolated granulosa cells may have been 
due to the use of serum in their tissue culture medium. We 
demonstrate that specific, high-affinity LH/hCG receptors can 
be induced by FSH in isolated granulosa cells cultured in a 
chemically defined medium, but not in isolated granulosa cells 
cultured with serum. In addition, we show that these receptors 
are capable of mediating important steroidogenic responses. 
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As shown in Fig. 1, the hCG-binding capacity of freshly 
collected granulosa cells was very low (0.32 + 0.014 fmol per 10° 
cells; 192 +8 sites per cell: mean +s.e. of six separate experi- 
ments). Culturing granulosa cells for 2 days in medium contain- 
ing purified ovine FSH and 10% serum from hypophysec- 
tomised female rats (or serum from horse, pig or fetal calf), did 
not increase the '**I-hCG-binding capacity as compared with 
untreated control cultures or freshly isolated granulosa cells 
(Fig. 1). In contrast, culturing granulosa cells in serum-free 
medium containing FSH resulted in a dramatic increase in 
‘°1-hCG binding as compared with control cells (Fig. 1). A small 
increase in binding was observed at day 1, after which the 
binding capacity increased 10-fold, to reach 3.61+0.60 fmol 
per 10° granulosa cells (2,095 +325 sites per cell) by day 2. 

Figure 2a shows that the hCG receptors induced by FSH are 
hormone specific. Increasing concentrations of unlabelled hCG, 
but not prolactin, competed with ‘**I-hCG for binding sites in a 
dose-dependent manner. Moreover, unlabelled FSH inhibited 
binding only at doses 1,000 times higher than those of hCG, an 
inhibition that can be explained by contamination of the FSH 
preparation with LH. Scatchard analysis of the binding data 
(Fig. 2b) suggested the presence of two classes of }**I-hCG- 
binding sites. This is consistent with our previous studies using 
granulosa cells from adult rats’*. The calculated Ka (1.4.x 
10°''M) of the high-affinity binding site (Fig. 2b) is of the same 
order as that determined in previous studies with rat granulosa 
cells’’*, Furthermore, FSH treatment for 2 days in vivo 
increased '**I-hCG binding in the granulosa cell to a level 
comparable with that found in the present in vitro study (unpub- 
lished result). 

To determine if the LH/hCG receptors induced by FSH were 
functionally active, we investigated the effects of purified LH 
and FSH on the biosynthesis of progesterone and oestrogen 
(Table 1). In this experiment, the granulosa cells were cultured 
for 2 days in a chemically defined medium with and without LH 
or FSH, washed, and then recultured for another 2 days in the 
presence and absence of the purified gonadotropins. During the 
0-2 and 2-4 day culture period, FSH caused a marked stimula- 
tion of oestrogen and progesterone production, whereas LH had 
little effect, indicating that the granulosa cells are responsive to 
FSH, but not to LH, However, after 2 days of FSH priming LH 
caused a highly significant (P>0.001) increase in both 
oestrogen and progesterone production compared with the 
control (FSH; control) cultures. This result shows that the 
LH/hCG receptors induced by FSH are functionally active. The 
present finding that purified LH stimulates oestrogen formation 
is important as it demonstrates for the first time that LH, like 
FSH, can stimulate aromatase enzyme activity in the granulosa 
cell, 





Table 1 Induction by FSH of the ability of purified LH to stimulate progesterone 
and oestrogen production by isolated rat granulosa cells in vitro 





Treatment Progesterone (ng ml”) Oestrogen (ng ml™') 

0-2 d; 2-4 d Day 0-2 Day 2-4 Day 0-2 Day 2-4 
Control ; Control 0.10+0.01* 6.22+0.01 < 0.04 < 0.04 
LH; LH 0.50+0.01 0.27+0.01 0.19+%0.01 0.07 +0.01 
FSH; FSH 21.67 + 1.92 8.35 +0.71 4.28 +0.22 4.09+0.22 
FSH; LH T 7.32 +0.47} maen 2.49 +0, 14¢ 
FSH; Control _ 1.73+0,13 _ 1.11+0.10 


ie A a Si hw ates te es Ti Ta ol 

Granulosa cells (1 x 10° viable cells) were cultured for 4 days in McCoy’s 5a 
medium with 10°’M androstenedione, either alone or with purified Papkoff ovine 
FSH (100ngmt"') or purified oLH (100ngml™!: Papkoff; G3-222B; LH 
potency = 2.75 NIH-LH-SI U per mg; FSH potency = 0.001 NIH-FSH-S! U per 
mg). After 2 days the media were collected, and the granulosa cells were washed 
twice with 2-ml portions of McCoy’s Sa medium. The cells were then recultured for 
2 days in 1 ml of fresh medium containing 1077M androstenedione and hormones 
where indicated. Progesterone and oestrogen in the media were measured by 
radioimmunoassay". 

* Mean+s.e.; n= 8. 

t Same values designated in the FSH (day 0~2). 

t Significantly different from control group (FSH; control) (P<0.001) as 
determined by analysis of variance. 
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The present results demonstrate that purified FSH can induce 
the appearance of specific, high-affinity LH/hCG receptors in 
isolated granulosa cells and that the LH/hCG receptors are 
capable of mediating two important biological responses, 
namely, oestrogen and progesterone biosynthesis. This direct 
action of FSH in the granulosa cell can explain the increased 
responsiveness of the developing pre-ovulatory follicle to LH 
during the follicular phase of the reproductive cycle. The fact 
that the characteristics of the LH/hCG receptors (Kg and 
number of binding sites) induced in the granulosa cell by FSH in 
vitro are similar to those induced by FSH in vivo, suggested that 
the present in vitro observations reflect a normal physiological 
event. Our finding that FSH induces the appearance of LH/hCG 
receptors in isolated granulosa cells cultured in a chemically 
defined medium (without serum) strongly suggests that this basic 
action of FSH does not require the participation of other ovarian 
cells, as recently proposed by Nimrod et al.”. 
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Fig.2 Specificity and binding characteristics of LH/hCG receptors induced 
by FSH in vitro. a, Specificity of '*°I-hCG binding to granulosa cells after 2 
days of culture with oFSH (100 ng mi~') in chemically defined medium 
(without serum). Granulosa cells (1 x 10° cells) (prepared as described in 
legend to Fig. 1) were incubated in 300 yl (phosphate buffered saline~0.1% 
BSA) buffer for 16h (23°C) with 20,000 c.p.m. of '7*I-hCG and the 
indicated amounts of unlabelled hCG (CR-119), purified human FSH 
(NIH-FSH-HSI) or ovine prolactin (NIH-P-SI2). Data points represent the 
mean of four determinations. 6, Scatchard analysis of binding data from 
displacement curve shown in a. Ka Dissociation constant = 1.4 x 107°} M: 
number of binding sites = 3,157 sites per cell. 


Our failure to induce LH/hCG receptors with FSH in granu- 
losa cells cultured in medium containing serum is consistent with 
previously published data’*’*. Moreover, our results are 
consistent with those of an earlier study’* which reported an 
FSH stimulation of LH binding in cultured porcine granulosa 
cells, although the data from these cells were variable and 
complicated by the loss of pre-existing LH receptors during the 
incubation. The nature of the inhibitory effect of serum is 
unknown; however, it may result from the presence of factors in 
serum which have been reported to inhibit FSH binding to 
receptors". 

Experiments with animal cells in culture have usually used 
serum because the maintenance and growth of functionally 
differentiated cell cultures require certain factors found in 
serum'®. However, the addition of serum to culture media has 
made it difficult, sometimes impossible, to interpret the action of 
specific regulatory substances. We conclude that the in vitro 
culture system described here offers an important model for 
investigating and defining the control mechanisms of hormone- 
dependent differentiation of a normal mammalian cell in a 
chemically defined medium. 
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Glucocorticoids inhibit expression 
of Fc receptors on the 
human granulocytic cell line HL-60 


GLUCOCORTICOIDS decrease levels of circulating peripheral 
lymphocytes and immunoglobulins, inhibit mitogen- and 
antigen-induced blastogenesis of cultured lymphocytes and 
decrease bactericidal activity of granulocytes and other phago- 
cytic cells'*. Fe receptors on granulocytes are thought to play a 
vital part in adherence of antibody-coated particles to the 
surfaces of these cells, a step which initiates phagocytosis’. 
Factors which regulate the expression of the Fc receptor could 
therefore influence phagocytic capability, and it has been 
suggested that glucocorticoids might act in such a way”. We 
report here that glucocorticoids inhibit expression of the Fc 
receptor on the human promyelocytic cell line HL-60 (ref. 8). 
This inhibition is not accompanied by increased cell death, 
reduced proliferation or a general reduction in protein synthesis. 

For assay of Fc receptors, IgG1 was purified from the serum of 
a patient with multiple myeloma. The precipitate obtained by 
45% saturation with ammonium sulphate was dissolved in acetic 
acid~ethylene diamine buffer (0.1M, pH 7.0) and desalted by 
passing through a column (1 20cm) of Biogel P-100 (Bio- 
Rad). The excluded peak from the column was placed on a 
column (1x 15cem) of Sephadex QAE-50 (Pharmacia) and 
eluted with acetic acid-ethylene diamine buffer. The IgG1 
obtained was pure by immunoelectrophoresis, and contained 
only traces of other proteins by gradient gel and cellulose acetate 
electrophoresis. The protein was iodinated with I (Amer- 
sham, 11-17 Cipg™') by the solid phase lactoperoxidase 
method?’. Protein concentration was determined by absor- 
bance at 280 nm (Aig = 11.4). Specific activities were between 
20 and 57 Cimmol™. 

This labelled IgG1 was used to determine the number and 
affinity of Fc binding sites by the modification of the competitive 
binding assay of Unkeless and Eisen’' described in the legends 
to Figs 1 and 2. The assay showed high specificity for the Fc 
fragment of IgG1. In competition experiments with 0.5-5 nM 
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Fig. 1 Time course with HL-60 cells of the effect of 200nM 
dexamethasone on Fc receptor sites per cell (@), leucine incorporation (0) 
and viable cell counts (©). HL-60 cells* were cultured in RPMI 1640 
(GIBCO) with 10% fetal calf serum, penicillin (50 units mi~') and gentamy- 
cin (50 pg mi“) at 37°C in humidified room air containing 5% CO, 
Dexamethasone dissolved in medium at 0.1 mM was added at time zero to 
three flasks containing 50 mi cell suspension (2* 10° cells per ml). An 
equivalent amount of medium was added to three control flasks. At 15 min 
and 24, 48 and 72 h, 4 x 10° cells were removed and washed twice with 15 mi 
Dulbecco’s phosphate-buffered saline (GIBCO) containing 1 mgml”' 
bovine serum albumin (2 x recrystallised, Calbiochem) (PBS-BSA) at room 
temperature. The cells were incubated for 30min in 15 ml PBS-BSA 
(2-8 x 10° cells per mi) at 37 °C with 60 c.p.m. shaking to dissociate endo- 
genous immunoglobulins in fetal calf serum from the Fe receptors. They 
were then resuspended in PBS-BSA at 5x10’ cells per ml, and 20 ul 
aliquots were incubated in duplicate with 20,1 of '**I-labelled IgG 
(40 nM), with and without unlabelled IgG1 (1 pM) in albuminised 1.5-ml 
conical polypropylene Eppendorf centrifuge tubes (Brinkman) for 30 min at 
37 °C with 60 c.p.m. shaking. At the end of the incubation the cell suspension 
was pipetted over 350 yl fetal calf serum at 0°C in 400-uy! Microfuge tubes 
(Brinkman) and centrifuged for 30 s at 10,000g. The supernatant was rapidly 
aspirated and the tips of the tubes containing the cell pellet counted in a 
gamma counter at an efficiency of 70% for 1251, The difference between the 
c.p.m. bound in the presence (an almost negligible amount, as shown in Fig. 
2) and absence of 1 pM competing unlabelled IgG1 (that is, the c.p.m. 
corresponding to saturably bound IgG1) was calculated as molecules per 
cell. Since at 40 nM IgG1 nearly saturates the Fc receptor sites (see Fig. 2) 
this value gives a close estimate of the total number of Fc receptor sites per 
cell. Leucine incorporation was measured by removing 100-l aliquots from 
each of the flasks and incubating for 4 h at 37 °C under 5% CO, in humidified 
room air in microtitre plates (Costar) with 100 yl of a solution (3 pCi mi™*) 
of 7H-leucine (NEN, 297 Ci mol™') in GIBCO minimum essential medium. 
Cells were collected on glass fibre filters using a multiple automated sample 
harvester, and after drying were counted in a toluene-based scintillation fluid 
at an efficiency of 50% for °H. Viable cell counts were determined as the 
product of the fraction viable by Trypan blue exclusion and the cell count 
determined with a Coulter counter. Viabilities of control and 
dexamethasone-treated cells were not significantly different, and always 
remained above 95%. Each point represents the mean for determinations on 
three control flasks and three fiasks with dexamethasone. For the controls, 
the number of Fc receptor sites remained essentially constant at about 
16,000 sites per cell over the whole time period; the rates of leucine 
incorporation increased slightly, and the viable cell counts increased from 
200 to 650 cells per yl. 


125) labelled IgG1 the Fc fragment, prepared by papain hydro- 
lysis and affinity chromatography, at 10 nM reduced binding of 
labelled IgG1 by 50% and at 100 nM by 90%, as effectively as 
unlabelled IgG1. The Fab fragment, similarly prepared, did not 
compete at all. Human IgG3 competed as well as IgG1, whereas 
IgG2 and IgG4 competed weakly and IgA did not compete. 
Protein A (Pharmacia) at 100 nM reduced binding by 50%. It 
failed to reduce binding further at concentrations as high as 
50 uM, suggesting among other possibilities that there may be 
more than one class of Fe receptor on HL-60 cells. 

Figure 1 illustrates the time course of effects of 200nM 
dexamethasone on HL-60 cells. Within 24h there was a 
significant decrease in the number of Fc receptor sites, which by 
48-72 h had fallen to ~65% of the controls without steroid. In 
other experiments the levels reached varied from 75 to 40%. 
They remained low for at least 8 d in the continued presence of 
dexamethasone, but returned to normal within 48 h of removal 
of the steroid. Over the 72-h period there was no decrease in 
overall leucine incorporation, so there was no general reduction 
of protein synthesis. Similarly, cell proliferation was not 
decreased. 
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The reduction in the number of Fc receptor sites was not 
associated with a change in the affinity of the receptor for IgG1. 
Control cells and cells treated with 1 uM dexamethasone for 
72 h bound IgG1 with the same dissociation constant of 10 nM 
(Fig. 2). 

Prednisolone and cortisol at 1 M after 48h reduced Fe 
receptor sites from 14,400 to about 8,000 per cell. Oestradiol 
and progesterone at 1 uM had no effect. Dexamethasone gave a 
half-maximal response at 10nM, comparable to effects of 
dexamethasone on other cellular processes'*. This concen- 
tration is consistent with a process mediated by binding to 
glucocorticoid receptors in these cells, since it corresponds with 
the dissociation constant we have determind separately for 
binding of dexamethasone to glucocorticoid receptors in HL-60 
cells at 37°C. These cells contain numbers of glucocorticoid 
receptor sites similar to myeloblasts from patients with acute 
myelogenous leukaemia’*. After Fc receptors are reduced to 
about 50% by treatment with trypsin, their reappearance is 
almost completely blocked by glucocorticoids. In the absence of 
steroid they return to normal after 48 h. 

In two previous studies*'*, effects of glucocorticoids on Fc 
receptors in human monocytes were investigated. The only 
effect detected, a decrease in IgG binding, required steroid 
concentrations of 0.1-1 mM, far above pharmacological 
concentrations, and the effect was not specific for glucocorti- 
coids'*. The duration of exposure to steroids, 90-120 min, was 
much less than we find necessary to produce significant effects. 
Furthermore, the immune adherence techniques used would 
probably not detect effects of the kind we describe. Methods 
involving rosette formation with antibody-coated red cells or 
binding of fluorescence-labelled immune complexes can detect 
cells with more than some undetermined threshold level of Fc 
receptors (probably 10,000-20,000 sites per cell), but do not 
permit accurate quantitation of binding. 

Our finding that glucocorticoids reduce the number of Fe 
receptors on HL-60 cells is important in at least two ways. First, 
it establishes in a pure cell line an effect that is manifested on a 
discrete membrane structure and that, in contrast to what is 
often observed’’, is not accompanied by general inhibition of 
protein synthesis. Second, it may provide a molecular explana- 
tion for the suppressive effects of glucocorticoids on the phago- 
cytosis and destruction of autologous tissue that characterise 
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0.2 


Bound IgG/Free IgG 





Molecules of IgG bound per cell 


Fig.2 Scatchard plot of binding of IgG1 to Fc receptors of HL-60 cells after 
incubation with 1 pM dexamethasone. Y, Controls without dexamethasone. 
A, Cells incubated with 1 pM dexamethasone. Cells were incubated with or 
without dexamethasone for 96 h and washed in PBS-BSA as described for 
Fig. 1. They were then resuspended at 1.6 x 10° cells per ml in PBS-BSA. 
Aliquots were incubated as described for Fig. 1 with *l-labelled IgG1 at 12 
concentrations from 100 pM to 1 uM. After the incubation the tubes were 
centrifuged at 10,000g for 10 s and 20 wl supernatant removed and counted 
to determine the final concentration of free labelled IgG1. The tubes were 
then cooled to 3°C, 1.2 ml of PBS-BSA at 0 °C was added and the cells were 
resuspended. After 5 min the tubes were centrifuged at 12,000g for 4 min, 
the supernatant aspirated and the tips counted as described for Fig. 1 to 
determined bound *I-labelled IgG1. The data are plotted by the method of 
Scatchard’. Nonsaturably bound IgG1 was not subtracted for these results. 
Bound IgG and free IgG on the ordinate are given in units of c.p.m. per 20 yl 
of cell suspension; the values on the ordinate therefore represent the bound 
igGI as a fraction of the free [gG1 at equilibrium. 
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some immune responses mediated by Fc receptors. The obser- 
vation’*"” that patients with diseases such as autoimmune 
haemolytic anaemia and autoimmune thrombocytopenia 
frequently show clear improvement and decreased phagocytic 
activity in their granulocytes after treatment for 24-48 h with 
glucocorticoids could well be explained by a decrease in the 
number of Fe receptors. The time course is too rapid to be 
accounted for by known effects on human immunoglobulin 
levels’ but is similar to that needed for the reduction in Fc 
receptors that we describe here. The assay for Fc receptors may 
also prove useful for studying other factors which regulate this 
immunologically important structure. 
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Negative and positive inotropic 
action of vanadate 
on atrial and ventricular myocardium 


VANADATE (vanadium in the +5 oxidation state) occurs widely 
in animal tissues’, and has been suggested to be the first regu- 
latory agent of (Na°+K*)ATPase; it inhibits ATPase prep- 
arations from kidney and red blood cells at very low concen- 
trations’. Hackbarth er al. have shown that vanadate produces 
positive inotropic effects in isolated cat papillary muscles’, 
raising the question of whether this positive inotropic effect is 
accompanied by an inhibition of myocardial (Na* +K*)ATPase, 
and, if so, whether both effects occur at similar concentrations of 
vanadate. We report here that we have observed a striking 
difference in the inotropic actions of vanadate on isolated heart 
preparations. Although the force of contraction was reduced in 
atria, it was increased in ventricular myocardium. This dis- 
sociation correlated well with changes in transmembrane 
potential but not with inhibition of(Na* +K*)ATPase isolated 
from both atrial and ventricular myocardium. 

Left and right atria and papillary muscles from guinea pig and 
cat, and atrial and ventricular trabeculae of the cow, were 
mounted in glass chambers for measuring isometric contraction. 
The bathing solution (20 ml), containing (mmol I~!) NaCl 118, 
KCI 4.7, CaCl, 2.5, MgSO, 1.6, NaHCO, 24.9, NaH,PO, 1.2 
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1004 a a Table 1 Enzyme activities of bovine and guinea pig heart preparations 
and the inhibitory effect of orthovanadate on the Na’, K -ATPase 








Ventricle 

7.9 +2.4 
21.5 +3.2 

0.60+0.14 


Beef : Atria 
a Activity Mg“ -ATPase 5.4 +1.3 
(Na*+K*)ATPase 12.7 +2.3 


o IDso uM Na, VO, 0.59+0.14 


50 Guinea pig 
Activity Mg”* -ATPase 48.1 +12.8 30.9 +10.4 
(Na*+K* )ATPase 6.9 + 2.4 23.9 + 2.6 


2 ID so uM Na; VO; 0.75* 0.62+ 0.13 





Membrane ATPase preparations were derived using the method of 
Akera et al.’. Enzyme activities were determined with a coupled 
spectrophotometric assay”, in the presence of 50-100 ug enzyme pro- 
tein and (mmol 1 *) Na* 100, K* 10, Mg?°* Sand ATP 3, at 37 °C, pH 7.4, 
and were measured in pmol PO, per mg protein per h. The Mg’’- 
ATPase activity was measured in the presence of 1 mmol 1 ' ouabain. 
Each activity is the result of four separate preparations determined in 
triplicate and each IDs» value the result of four determinations (with 
exception*, where n =1) prepared from 48 guinea pigs. Values are 
means + s.e.m. 


% Effect 
(= 


repolarisation, respectively. The upstroke velocity of the action 
potential of both atria and papillary muscles remained nearly 
unchanged. Similar results were obtained from atrial and 
ventricular preparations of cat and bovine heart. The time 
course of the vanadate effect on transmembrane potentials 
correlated with that of the change in inotropy. 

The specific activities of the Mg**- or Na* + K*-activated 
ATPase for bovine atrial and ventricular tissues are shown in 
Table 1. Despite the difference in enzyme activities, concen- 
tration-response curves for the action of sodium orthovanadate 
gave similar IDsọ values for the inhibition of bovine atrial and 
ventricular Na’ + K*-activated ATPase. Guinea pig ventricular 

and atrial (Na* + K*)ATPase was inhibited to a similar extent, 
The curves were plotted according to the equation 


100 50mv 5 x109N 
v(x) = 1+10 "e EDs0) = 


100ms 100 ms 





1 10 100 1000 
(umol 1- ') [Naa VO] 


Fig. 1 Change in the force of contraction in papillary muscle (a ) 
and atria (b). EDs» values (pmol | '+s.e.m.) were calculated by 
fitting the logit function to the experimental data using the least- 
square method: papillary muscle, guinea pig (O) 110.3 + 1.9, cat (*) 
124.1 +2.6; left atria, guinea pig (O) 4.73+0.10, cat (A) 28.1 
0.47; right atria, guinea pig (@) 3.29 +0.06, cat (A) 14.8 +0.28. 


. 6 
where s =slope and x = log concentration . 


and glucose 11.1, was equilibrated with 95% Oz and 5% CO, 
(pH 7.4) at 31°C. Increasing doses of Na, VO, (Fluka) were 
added to the bathing solution cumulatively every 15 min. The 
preparations were driven electrically by platinum electrode 
stimulation at 1 Hz (guinea pig) or 0.5 Hz (cat, cow). Pulse 
duration was 1 ms (intensity 20% above threshold, preload of 
atria 10°°N, that of papillary muscles and trabeculae 7 x 
10° N mm ”). Action potentials of the isometrically contracting 
atrial and ventricular tissues were recorded with glass micro- 
electrodes filled with 3 mol 1 * KCI (resistance 10-30 MQ) using 
a horizontal Perspex chamber, perfused with increasing 
concentrations of Na; VO.. 

Figure 1 shows the inotropic action of vanadate. In a concen- 
tration range of 25-500 umol l~ ', vanadate increased the force 
of contraction of papillary muscles. In contrast, it strongly 
decreased the force of contraction of stimulated left atria and 
spontaneously beating right atria. The effect appeared immedi- 
ately on perfusion and steady-state conditions were reached SOmV 5 x103N 
within 10 min. On washing with drug-free bathing solution, the | | 
force of contraction of the atria increased above control levels 
and regained initial values after about 15 min. At high concen- 50 ms 100 ms 
trations of vanadate (>1 mmoll`') and 1Hz stimulation 
frequency, a small increase in basal tension of guinea pig papil- 
lary muscles was observed, but without arrhythmic activity. 





Fig. 2 Action potentials from guinea pig papillary muscle (left 
upper trace) and from the left atrium (left lower trace) in control 
conditions (C) and under Na,VO, (14 min 500 pmol I‘ for papil- 


Figure 2 shows the corresponding action potentials. In guinea 
pig papillary muscles 500 moll’ vanadate broadened the 
action potential by about 15% at both 30 and 90% repolarisa- 
tion, whereas in left atria 50 wzmoll”' vanadate produced a 
shortening of the action potential by 60 and 70% at 30 and 90% 


lary muscle and 8 min 50 pmol |’ for the atrium). The related 

force of contraction in control and test conditions is shown in the 

right traces. The upstroke velocities of the action potentials were 

not significantly influenced by vanadate, being 150 Vs ' for the 
papillary muscle and 197 Vs ' for the atrium. 
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although the atrial enzyme activity was too low to allow more 
than one estimation in a preparation using 96 atria. 

The positive and negative inotropic actions of vanadate are 
accompanied by a similar inhibition of the (Na* + K*)ATPase of 
ventricular and atrial preparations, despite a higher activity of 
the (Na* + K")ATPase from ventricular myocardium. Negative 
inotropic changes occur at concentrations (1-100 pmol 17+) 
which induce a 55-95% inhibition of bovine cardiac (Na* + 
K")ATPase preparations and a 15-60% inhibition of rubidium 
uptake in red blood cells’, whereas positive inotropic changes 
(50-500 pmoll”') correspond to a 90-100% inhibition of 
(Na +K*)ATPase preparations and a 55~80% inhibition of 
rubidium uptake‘. It remains to be explained why high concen- 
trations of vanadate (>1 mmol! '), which strongly inhibit 
(Na* +K*)ATPase preparations, do not produce arrhythmias 
similar to those observed with high doses of cardiac glycosides. 

Positive and negative inotropic effects correlate well with a 
broadening and shortening of the action potential, respectively. 
Therefore, we conclude that differing inotropic effects of 
vanadate are mainly due to the alteration of the transmembrane 
potential, but not primarily to the inhibition of cardiac (Na* + 
K")ATPase. Another striking property of vanadate is its 
concentration-dependent stimulatory effect on the adenylate 
cyclase of rat fat cell membranes”. It is still possible that the 
positive inotropic action of vanadate on ventricular myocardium 
is caused by an increase in intracellular cyclic AMP. However, 
the negative inotropic effect of vanadate in atria which occurs at 
lower concentrations seems to be due to a shortening of the 
action potential. 
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Endogenous digitalis-like 
activity in the 
plasma of the toad Bufo marinus 


CARDIAC GLYCOSIDES derived from plants have a major role 
in the pharmacotherapy of cardiac disease, and, because they 
bind to and inhibit (Na* + K*)ATPase, are important in studies 
of ion transport mechanisms. In the animal kingdom, struc- 
turally related compounds with cardiotonic activity have been 
shown to exist in the poison glands of bufonid toads’, but this 
area has received little attention. Recently we developed a 
sensitive radioreceptor assay for the detection of endogenous 
‘digitalis-like’ agonists in animals’. This assay depends on the 
ability of a substance to compete with *H-ouabain for bindin gto 
(Na*+K*)ATPase on human red cells. Using this assay, 
together with assays for inhibition of K transport and (Na* + 
K*)ATPase activity, we found high concentrations of ‘digitalis- 
like’ activity in the skin of several species of Amphibia’. 
Although this activity is presumably present in skin as a protec- 
tive toxin, it is possible that it might, under some circumstances, 
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Fig. 1 Effect of ouabain (@) or serum (©) on the binding of 
H-ouabain to human RBC was assessed by a modification of the 
method of Gardner and Conlon’. Heparinised blood was washed 4 
times with 140 mM choline chloride at 4°C, the buffy coat was 
removed and RBC were resuspended at a haematocrit of 4% in an 
assay buffer of 140 mM NaCl, 30 mM HEPES and 10 mM glucose, 
pH 7.4, To 900 ul of this RBC suspension was added 100 yl of 
various dilutions of ouabain or serum and these mixtures were 
incubated at 37°C for 1h. Cells were then sedimented at 1,500 
r.p.m., followed by resuspension in 225 ul of the fresh assay buffer 
containing 5x 10~'°M “H-ouabain (8 Ci mmol’, NEN). After 
incubation at 37°C for 70min, bound and free ouabain were 
separated by washing 4 times in microfuge tubes with 140 mM 
choline chloride, followed by addition of 10% perchloric acid to 
the pellet and inversion of the tube into a scintillation vial contain- 
ing Aquafiuor (NEN). Each assay contained duplicate tubes in 
which *H-ouabain binding was carried out in the presence of 
10°*M unlabelled ouabain. This was taken to represent 
nonspecific binding, and was always less than 10% of total °H- 
ouabain bound. The per cent of *H-ouabain specifically bound to 
each group of cells was determined by subtracting the per cent 
bound to cells in the presence of 1074 M ouabain from the per cent 
actually bound in each experimental tube. This specific binding for 
each tube was divided by the specific binding to cells which were 
never exposed to serum or unlabelled ouabain, and this value was 
multiplied by 100, to give the value plotted on the vertical axis. The 
points which are plotted represent the mean of duplicates which 
varied less than 5%. The ouabain concentration on the abscissa 
represents the concentration in 1.0 ml of preincubation mix, 





also function as an endogenous inhibitor of (Na* + K*)ATPase. 
We now demonstrate, using both receptor and immunoassays, 
that high concentrations of digitalis-like activity are present in 
the plasma of the toad, Bufo marinus. As cellular (Na* + 
K*)ATPase would presumably be exposed to this endogenous 
digitalis-like activity, it may have an important, but as yet 
undetermined, function in this species. 

Pre-exposure of human red blood cells (RBC) to dilutions of 
Bufo marinus serum followed by washing and resuspension in 
fresh buffer, caused a dose-dependent inhibition of subsequent 
*H-ouabain binding to these cells. The dilution curve produced 
by serum was parallel to that produced by unlabelled ouabain 
(Fig. 1), 50% inhibition of *H-ouabain binding being caused by a 
1/20,000 dilution of serum and 95% inhibition being caused by 
a 1/1,000 dilution. Assuming that the activity has a binding 
affinity for human RBC (Na* + K*)ATPase that is similar to that 
of ouabain, the apparent serum concentration in five toads 
ranges from 2 to 5x 107° M. Rana pipiens, whose skin has little 
or no detectable activity (J. S. F. and Daly, in preparation), also 
had no serum activity detectable, even when tested at 1/10 
dilution (data not shown). The digitalis-like activity was 
unaffected by heating to 100°C for 15 min, but 95% of the 
activity was lost after dialysis for 48 h. 

To characterise the ouabain binding sites on the (Na* + 
K*)ATPase of bufonid RBC, we washed cells six times in 15 
volumes of buffer to remove circulating digitalis-like activity, 
and then performed a *H-ouabain binding assay as with human 
RBC. No specific *H-ouabain binding was detectable over a 
range of tracer concentrations from 5x 107'® to $x 1073M, 
whereas binding was easily detectable in the same number of 
human RBC (data not shown). 
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Serum from Bufo marinus cross-reacted strongly in a digitalis 
immunoassay. Serial dilutions produced displacement nearly 
parallel to that produced by digitalis itself (Fig. 2). In contrast, 
human serum produced no displacement. The data indicate that 
l pl of bufonid serum contains 0.05 ng of immunoreactive 
digitalis-like activity. 

Preincubation of bufonid serum with antibodies to either 
digitalis or ouabain blocks the receptor competition (Fig. 3). 
Thus the *H-ouabain binding-inhibitory activity seems to be 
caused by the same molecular species that cross-reacts with 
antibodies to digitalis and ouabain. This immunological evi- 
dence represents entirely independent confirmation that 
bufonid serum contains high concentrations of a digitalis-like 
activity. 

These data suggest that the concentration of serum digitalis- 
like immunoactivity is ~10°’M. When compared to the 
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Fig. 3 Effect of anti-digitalis and anti-ouabain antisera on the 


H-ouabain specifically bound (°,, control) 


3 


concentration as estimated by competition for receptor binding 
2-5 x 10~° M), it seems that the receptor binding activity of this 
molecule has been better conserved than has its cross reactivity 
with anti-digitalis and anti-ouabain antibodies. Direct structural 
studies will determine its precise relationship to the cardiac 
glycosides, and to known bufotoxins. 

Several questions remain unanswered by these studies. First, 
although digitalis-like activity is present by both receptor- 
competition and immunological criteria, it remains to be shown 
that this serum activity is capable of inhibiting the activity of 
(Na* +K*)ATPase. Studies suggest that the serum activity is a 
fully potent inhibitor of the human enzyme (J. S. F. unpublished 
results). Second, it is not certain by what means Bufo marinus 
can survive with a serum concentration equivalent to more than 
1,000 times the concentration of digitalis that produces toxicity 


ability of bufonid serum to inhibit “H-ouabain binding to human 
RBC. Bufo marinus serum (BMS) was diluted 1/1,000 in an assay 
buffer of 140 mM NaCl, 30 mM HEPES and 10 mM glucose, pH 
7.4. A 200 pl aliquot of this BMS was incubated with 50 pl of 
buffer, or with 50 yl of sheep anti-digitalis serum, rabbit anti- 
ouabain serum or normal human serum which had been diluted in 
assay buffer to yield the final dilution indicated on the figure. A 
control tube comprised assay buffer alone. These tubes were 
incubated at 37°C for 1h, followed by the addition of 750 pl of 
human RBC which had been washed 4 times in 140 mM choline 
chloride and then suspended in assay buffer, to give a final haema- 
tocrit of 5%. After an additional incubation for 1 h at 37 °C, cells 
were sedimented at 1,500 r.p.m., followed by resuspension in 
225 pl of fresh assay buffer containing 5 x 10°'° M *H-ouabain (8 
Ci mmol”', NEN). After a final incubation at 37°C (for 70 min, 
bound and free ouabain were separated by washing 4 times in 
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Fig. 2 Dilution curves for digitalis (@) and bufonid serum (O) ina 
radioimmunoassay for digitalis. The immunoassay was carried out 
using a kit supplied by Corning Medical. Reagents include rabbit 
anti-digoxin antibody which is covalently linked to glass particles 
and suspended in phosphate-buffered saline with 1% bovine serum 
albumin, and '**I-digoxin tracer, comprising '*°I-tyrosine linked 
to the digoxin molecule. The assay is carried out at room tempera- 
ture in a total volume of 500 wl. The indicated amounts of digitalis 
are added to the assay tubes in 100 yl of pooled human serum to 
develop the dilution curve for digitalis. The indicated volumes of 
bufonid or human serum (A) are similarly added to the assay tubes, 
with the difference between the indicated volume and 100 yl being 
added as 140mM NaCl. After incubation for 30 min at room 
temperature, glass beads were centrifuged at 1,600g for 10 min, 
supernatants decanted, and radioactivity in the pellets counted in a 
gamma counter. Points represent the mean of duplicates which 
varied less than 5%. Very similar results were obtained with serum 
from two other Bufo marinus toads. In this assay, digitoxin shows 
3% cross-reactivity, and ouabain, testosterone, progesterone and 
spironolactone show negligable cross-reactivity. 


microfuge tubes with 140 mM choline chloride, followed by addi- 
tion of 10% perchloric acid to the pellet and inversion of the tube 
into a scintillation vial containing Aquaflour NEN). Each assay 
contained duplicate tubes in which *H-ouabain binding was carried 
out in the presence of 10°* M unlabelled ouabain. This was taken 
to represent nonspecific binding, and was always less than 5% of 
total *H-ouabain bound. The data shown are representative of two 
other experiments not described. 


in man. Bufo marinus is known to be resistant to the effects of 
cardiac glycosides, requiring 100 times more ouabain to stop its 
heart in vivo, or to inhibit Na” transport across its bladder in vitro 
than does Rana pipiens*. This relative resistance to ouabain is 
consistent with our observation that tracer “H-ouabain binds 
poorly to bufonid cells. Recent experiments suggest that the 
bufonid enzyme binds ouabain with low affinity (J, S. F., unpub- 
lished results). 

Although Bufo is clearly relatively resistant to the action of 
digitalis, high concentrations of this substance, in the range 
which we estimate (by receptor assay) to be present in its serum, 
inhibit short circuit current across the bladder of this species in 
vitro. For this reason, it is possible that sufficient activity is 
bound to the enzyme at prevailing concentrations to tonically 
inhibit ATPase activity. Preliminary studies demonstrate that 
bladder from Bufo marinus contains easily detectable digitalis- 
like activity by receptor assay and immunoassay. Studies are in 
progress to determine what fraction of this extractable activity is 
actually bound to the bufonid (Na*°+K*)ATPase. This should 
be of interest because the toad bladder is often used as a model 
system for Na“ transport in the distal nephron of the mammalian 
kidney. Perhaps it accounts in part for the observation that short 
circuit current across the toad bladder in vitro increases during 
equilibration of the bladder in buffer. 

Thus we have demonstrated for the first time that a digitalis- 
like substance circulates naturally in the plasma of an animal. 
The effect of this circulating digitalis-like activity on the phy- 
siology of Bufo marinus is currently unclear, and the possibility 
that it tonically inhibits or regulates the (Na* +K*)ATPase in‘ 
this species needs further investigation. 

We thank Betsi Marsh for technical assistance and Dr Vincent 
Butler for antibodies to digitalis and ouabain. Toads were 
obtained from Connecticut Valley Biologic Supplies. 
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Circular hydrogen bonds 


CIRCULAR hydrogen bonds present a new, experimentally 
demonstrated principle showing how hydration water molecules 
and hydroxy! groups of macromolecules can cooperate to form a 
network-like pattern. Quantum chemical calculations show that 
chain-like H-bonds in the crystal lattice’ are energetically 
favoured above individual ones’. This is due to the cooperative 
effect, which leads to increased H-bonding activity of an OH- 
group if it is already accepting or donating an H-bond. These 
linear structures can close up to form circular arrangements 
comprising four and more OH-groups**. Such circles have 
actually been described for crystal structures of ice’ and of ice 
clathrates®, but in these cases the water molecules within the 
circles are related by crystallographic symmetry elements and 
are therefore not independent of each other. One should expect 
to find lattice-independent circular H-bonds in crystal structures 
of large O—H-rich molecules which co-crystallise with water of 
hydration, conditions which are satisfied by the cyclodextrin 
family. The smallest member, a-cyclodextrin (a-CD; cyclo- 
hexaamylose), consists of six a(1, 4)-linked glucose molecules 
and contains six primary and 12 secondary hydroxyl groups 
((CgH0Os)s, molecular weight 973). From aqueous solution, 
a-CD crystallises as hexahydrate, a-CD-6H,O, and this 
complex, with a total of 120 hydroxyl groups (4 x 18 from a-CD 
and 4 x 12 from the six H,O) in one unit cell has been studied by 
X-ray and neutron diffraction methods (ref. 9, and Klar, 
Hingerty and W.S., unpublished). Two other complexes, a 
second modification of the hexahydrate (K. Lindner and W.S., 
unpublished) and a-CD: methanol - *4H20 (ref. 10) have been 
investigated by X rays. As refinement in all cases is around 
R = 4% for data extending to 0.89 A resolution, hydrogen atom 
positions could be assigned. I discuss here results obtained from 
the X-ray/neutron study of a-CD-6H,0. 

Figure 1 shows a small, relevant section of the crystal structure 
of a-CD -6H,0 obtained from the X-ray/neutron study. Three 
circular H-bonded structures can be distinguished, one six- 
membered and two five-membered, all connected by water 
molecules W(1) and W/(4). Two chain-type, linear H-bond 
structures extend on the left and right hand sides, linked with the 
circles by W(2) and W(4). Both chain structures with asym- 
metrical lengths of seven and eight O—H groups are formed by 
unidirectional O—H---O bonds which indicate the cooperative 
effect. As similar chains occur in small as well as in large 
molecule crystal structures’, they can be considered as general 
structural elements. 

The three H-bonded circles shown in Fig. 1 all differ from 
each other. The six-membered circle I is formed by three 
interconnected water molecules W(1), W(2), W(4) and by three 
a-CD hydroxyl groups of which O(2)2 and O(3)3 belong to the 
same molecule and O(2)3 is from a symmetry-related a-CD. 
The six oxygen atoms form a distorted hexagon in an approxi- 
mate boat shape, with W(1) and O(3)3 in bow/stern positions. In 
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this circle, H-bond cooperation is again effective because all 
O-—H.---O bonds run in the same direction. Therefore, this kind 
of circle is called homodromic. 

The adjacent five-membered circles II and III comprise water 
molecules W(1) and W(4). Circle II contains three hydroxyl 
groups, of which two, O(2)6 and O(3)1, originate from one 
a-CD molecule, and O(6)2 is from a symmetry-related mole- 
cule. W(4) acts as a double H-bond donor and thus generates 
two ---O—H---O—H chains which collide at the double accep- 
tor O(3)1. Because this circle consists of two counter-running 
chains, it is called antidromic (circles with more randomly 
orientated chains would be called heterodromic). In circle III, in 
addition to water molecules W(1) and W(4), a third water, W(3), 
is enclosed and the two hydroxyl groups belong to two different 
a-CD molecules. This circle is also antidromic, as W(3) is a 
double donor and W(1) a double acceptor for H-bonds. The 
H---O(6)6 distance, 2.72 A is unusually long because this hy- 
drogen is also bonded to O(6)1B at 2.85 A and thus forms a 
bifurcated H-bond. Based on the sum of the van der Waals 
potential minimum radii, 1.50 A for H and 1.65 A for O, all 
H---O distances < 3.15 A can be called bonding interactions 
and the H---O(6)6, O(6)1B distances are well within this 
range’. 

It is remarkable that the three circles share the two water 
molecules W(1), W(4). The latter are not only used to fill empty 
gaps between the a-CD molecules but they are also fully 
integrated into the H-bonding scheme. We can assume that the 
circular H-bonds are made possible through the water molecules 
which, because of their quadruple functionality and their low pK 


` value (pK = 7) relative to the a-CD hydroxyl groups (pK ~ 12.3 


(refs 12,13)), can act as connectors and as shunts. The commonly 
observed tetrahedral arrangement of the H-bonded ligands is 
barely satisfied. Only W(2) and W(4) show approximate tetra- 
hedral configuration (with O---W---O angles in the range 94° to 
139°); the tetrahedron around W(1) is very distorted (angular 
range 66° to 142°) and the ligands around W(3) are in a 
planar-—trigonal arrangement. 

Quantum chemical studies on the three circles described here 
have shown that the total energy in each circle is about 2-4 kcal 
per circle smaller than the sum of the corresponding individual 
H-bonds (Lesyng and W.S., unpublished). The gain in energy on 
formation of circular H-bonds is thus similar to that calculated 
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Fig. 1 A section val the a-CD-6H,0O crystal structure showing 
circular and chain-like H-bonds. The latter are marked by arrows, 
the former by roman numerals I-III. Circular arrows indicate the 
direction of the O—H ->O hydrogen bonds. Circle I is 
homodromic and circles H, HI are antidromic. Water and a-CD 
hydroxyl oxygens are indicated by W and O, respectively; for 
further numbering see ref. 10. Ranges for O---O; H---O distances 
(A) and O—H---O angles i in H-bond circle I are 2.692~3.016 A; 
1.75-1.95 A; 169-176? in circle I, 2.747~3.021 A; 1.86-2.14 A; 
150-171°, in circle IH, 2.831-3.339 A; 1.71-2.72 A; 117-171°. 
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for chain-like H-bonds’, but the latter are more frequently 
encountered because the former are obviously restricted to large 
unit cells containing many hydroxyl groups and water molecules. 
Circular H-bonds might exist at the surfaces of large, hydro- 
philic molecules where, in combination with isolated and with 
chain-like H-bonds, they can link existing OH-groups or other 
hydrophilic residues using water molecules as connectors and 
shunts. It is likely that a pattern of circular and linear H-bonds 
can form, providing the basis for more extensive hydration 
shells. It is also tempting to regard the flickering cluster structure 
of bulk water'* and the clathrate shells around hydrophobic 
molecules? as a population of predominantly five- and six- 
membered circular H-bonds. 

WOLFRAM SAENGER 
Abteilung Chemie, 
Max-Planck-Institut fur experimentelle Medizin, 
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Calcium-dependent regulation 
of protein synthesis 
and degradation in muscle 


MUSCLE proteins undergo continuous intracellular turnover as 
do proteins in other cells'?. Furthermore, hormones, nutrients 
and work load can alter rates of protein synthesis and degrada- 
tion in muscle, resulting in growth or atrophy of these tissues’. 
In hereditary muscular dystrophies, where there is prominent 
wasting of the affected tissues, rates of both total protein 
synthesis and degradation are elevated*”'°. The immediate 
cause of this muscle atrophy is the imbalance resulting from an 
increase in protein degradation which exceeds a smaller 
enhancement in average protein synthesis. No simple explana- 
tion based on a defect in the response of dystrophic cells to 
known hormonal or nutritional factors has satisfactorily 
explained the elevation in the rates of both protein synthesis and 
degradation. We have now investigated the possible role of 
increased cellular Ca” as a mediator of such changes in protein 
metabolism based on other known structural and biochemical 
alterations in dystrophic muscles''’’. Lesion(s) involving 
membranes in muscle as well as other cells occur in hereditary 
dystrophies, including the main human form, Duchenne 
dystrophy'''*. One characteristic of the dystrophic plasma 
membrane seems to be an increased permeability to the high 
concentrations of Ca** normally present in extracellular 
fluid'':'?, In addition, studies have suggested a decreased ability 
of sarcoplasmic reticulum to sequester Ca?” in dystrophic 
muscles'*:'*, Thus, it is possible that increased Ca** might be 
responsible for the stimulation of both protein synthesis and 
degradation which occurs in these muscles. To test this idea, we 
have experimentally increased the uptake of external Ca?“ into 
rat muscles by using the divalent cation ionophore, A23187. 
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The ability of this ionophore to increase the transport of Ca** 
across membranes has resulted in its application as a widely used 
tool for the study of many Ca?*-dependent cellular processes’. 
The experiments reported here demonstrate that increased 
movement of Ca?* into muscle can produce effects which closely 
resemble dystrophic muscle and that the increased net catabol- 
ism can be reversed by certain factors. 

We have studied the effect of A23187 in paired, contralateral 
rat soleus muscles incubated in vitro in defined media. Previous 
studies have shown that such isolated muscle preparations 
remain viable and maintain linear rates of both protein synthesis 
and degradation for at least several hours'*’’. In these condi- 
tions, when tension is not maintained, rates of degradation 
exceed synthesis. For measurements of protein synthesis, 
incorporation of ‘*C-tyrosine into total protein was measured. 
This amino acid was chosen because it is not metabolised in 
muscle and does not itself alter the rates of protein synthesis or 
degradation’®. To determine absolute rates of synthesis from 
'*C-tyrosine incorporated into protein, it was assumed that the 
intracellular tyrosine-specific activity reflected the tRNA pre- 
cursor pool. This assumption is valid when high levels of tyrosine 
(0.5 mM) are added to the medium causing its specific activity to 
approach that of the intracellular pools’. When A23187 
(10 ug ml~') was added to the medium, rates of total protein 
synthesis were increased by 44% (Table 1). This concentration 
of A23187 produced maximal stimulation of both protein 
synthesis and degradation. Addition of A23187 to muscles 
incubated in calcium-free medium did not affect protein 
synthesis, indicating a mode of action involving movement of 
extracellular Ca’* into these cells. 

Protein degradation was measured in two ways. In one 
method, net protein degradation was first determined as the 
amount of total tyrosine released with time into the muscle pools 
and medium'*®. The absence of metabolism of this amino acid 
means that the production of free tyrosine must represent the 
difference between proteolysis and protein synthesis. Addition 
of A23187 increased tyrosine release by 114% (Table 1). As 
protein synthesis is elevated in such conditions (Table 1), this 
increase in released tyrosine actually represents an under- 
estimate of the absolute increase in the amount of protein 
degradation occurring. To determine rates of protein break- 
down, the rates of synthesis and net degradation can be sum- 
mated. This quantity increased by 71% on addition of the 
ionophore. An alternative method of measuring degradation 
involves the addition of cycloheximide to eliminate re-utilis- 
ation of amino acids'®. Although cycloheximide may reduce 
absolute rates of degradation, the regulatory effects of various 
physiological factors on proteolysis can still be measured™'®. In 
the presence of cycloheximide, A23187 stimulated tyrosine 
release by 43% (Table 1). 

We then carried out experiments to characterise the increased 
protein breakdown caused by the Ca** ionophore. As in our 
experiments on protein synthesis, A23187 had no effect on rates 
of proteolysis in the absence of extracellular Ca’* (Table 1), 
supporting a mechanism requiring movement of Ca’* into the 
muscle cells. Interestingly, removal of extracellular Ca’* by 
itself reduced degradation. To study the degradation which 
occurs with elevated intracellular Ca**, we tested the effect of 
leupeptin on proteolysis (Table 2). This non-toxic, highly 
specific protease inhibitor has been previously shown to retard 
muscle degeneration, proteolysis and myofibrillar dissassembly 
without affecting protein synthesis'””*’. Addition of leupeptin 
inhibited the elevated rates of degradation which occurred in the 
presence of A23187 by 32% (— cycloheximide) and 21% (+ 
cycloheximide). A similar degree of inhibition was also seen in 
the absence of ionophore, as described previously’. 

Several studies have reported that protein synthesis and/or 
degradation in isolated muscles or muscle cells may be 
influenced by electrical stimulation and even passive 
stretch??? 7. As such processes also affect the levels of free 
intracellular Ca**, we investigated the relationship of tension to 
our ionophore experiments. Muscles were either incubated in a 
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Table 1 Effect of A23187 on protein synthesis and degradation in the presence (a) and absence (6) of calcium 
seas ile ce Ne N EEE EAEE E K LE EEA E a Se et Sn 








Protein synthesis Net protein degradation Protein degradation (+ cycloheximide) 
Treatment (nmol Tyr incorporated per mg per h) (nmol Tyr released per mg per h) (nmol Tyr released per mg per h) 
a 
Control 0,186+0.015 0.121 + 0,008 0.182+0.015 
+A23187 0,267 + 0.006 +44 % * 0,.259+0,015 +114%* 0.260 x 0.004 +43%T 
b 
Control 0.173 + 0.009 0.084 + 0.004 me 
+A23187 0.18140.018 +5% (NS) 0.082 + 0.003 ~2% (NS) ~e 


a, Normal female rats (40-55 g) were killed by cervical dislocation and paired soleus muscles immediately removed with tendons intact and weighed. Each muscle was 
preincubated in the presence or absence of 10 pg ml”! A23187 (Lilly) for 1 h at 37 °C. The incubation medium (3.0 ml) also contained Krebs-Ringer bicarbonate solution 
saturated with 95% O2-5% COz and supplemented with 10 mM glucose, 5x plasma levels of the branched chain amino acids (valine, isoleucine and leucine), and 0.1 unit 
ml”! insulin'®, A23187 was dissolved in ethanol and the final concentration of ethanol in all incubations was adjusted to 0.5% v/v. This amount of ethanol did not affect 
protein synthesis or degradation. After 1 h, the muscles were blotted and transferred to fresh medium of the same composition but containing in addition “"C-tyrosine 
(0.06 aCi ml™?) and unlabelled tyrosine (0.5 mM), The muscles were incubated for 1h at 37°C and then placed in 10% trichloroacetic acid and protein synthesis was 
measured as described previously’. Determination of synthesis was carried out by correcting rates of '“C-tyrosine incorporation into acid-precipitable protein using the 
specific activity of the intracellular tyrosine pool!®, For measurement of net protein degradation muscles were incubated without tyrosine to allow accurate measurement of 
the release of free tyrosine into the muscle pools and medium. Omission of tyrosine has no effect on rates of muscle protein synthesis or degradation'®, After 1h of 
preincubation the tyrosine content of the muscle pools was in a steady state in the presence or absence of ionophore; therefore, net protein degradation measured during the 
second hour was proportional to tyrosine appearing in the medium during that period. Tyrosine was measured fluorometrically as previously described'®. Protein 
degradation was measured similarly except that cycloheximide (0.5 mM) was added to both the preincubation and incubation media. b, Muscles were treated as in a except 
that the Krebs-Ringer bicarbonate buffer was prepared without calcium but containing the calcium chelator EGTA (2mM). Results are expressed as the mean 


value +$.¢.m., n = 6. P values were calculated for the paired muscle differences using the Student t-test, NS, not significant. 


*P<0.005. t P< 0.003. 


flaccid state as in Tables 1 and 2 or were incubated with slight 
passive tension by pinning the tendons so the muscle was 
maintained at approximately 110% of rest length. When 
muscles were incubated under tension without ionophore, no 
effect on synthesis was detected (Table 3). Such results confirm 
earlier studies with the adult soleus which showed that active or 
passive tension did not increase synthesis in similar condi- 
tions’**. In contrast, fixing the length of the soleus in the 
presence of A23187 caused a further (23%) increase in protein 
synthesis above that caused by the ionophore alone (Table 3). 
Although passive tension alone had no effect on synthesis, as 
expected, the addition of A23187 to pinned muscles produced a 
large increase in synthesis (70%) equal to the sum of the above 
two effects (Table 3). 

The increase in synthesis produced with A23187 may result 
from higher average intracellular Ca** levels than those which 
occur on intermittent stimulation or stretch as described pre- 
viously”**. Stimulation may, however, produce higher transient 
Ca** increases, which would explain the greater peak tension 
produced with stimulation than A23187 in the soleus?®, Possi- 
bly, more frequent stimulation and/or stretch applied for longer 
periods further increases free Ca** and may account for several 
reports of increased protein synthesis caused by stimulation or 
stretch*****, In any case, the ability of A23187 to stimulate 
protein synthesis is seen when the muscles are flaccid, contrac- 
ting against no load, indicating that the Ca**-dependent 
increase in synthesis does not require the development of 
tension. The further enhancement of synthesis seen when ion- 
ophore was added to muscles incubated with slight stretch may 
result from higher Ca** levels produced by longer sarcomere 
lengths’? or possibly length-dependent effects on the 
sarcolemma. Related studies have shown that most of the 
Ca’*-dependent protein synthesis requires RNA synthesis (G. 
Silver and J.D.E., in preparation). 

In contrast to the potentiating effect of tension on Ca’*- 
dependent synthesis, the effect of tension on degradation was 
Opposite to that produced by A23187. Table 3 shows that 
maintaining muscle tension decreased rates of proteolysis in the 
presence of A23187. Furthermore, unlike the effect of tension 
on synthesis (which was only seen in the presence of ionophore), 
maintaining the muscle under slight stretch also produced a 
similar inhibition of degradation in the absence of A23187, as 
previously reported by Goldberg et al.*?*. Although the 
mechanisms by which muscle stretch or activity reduce pro- 
teolysis are unclear, the present results argue against a Ca**- 
mediated effect. Further support for this conclusion comes from 
the observation that, even over a wide range of ionophore 
concentration, inhibition of degradation was not detected in the 
absence of tension (data not shown). 

There are several possible mechanisms which can explain the 


Ca’*-dependent stimulation of proteolysis. Ca™ may modify 
the structure of muscle proteins, rendering them more suscep- 
tible to proteolysis, or it may stimulate the activity of cellular 
proteases. Activation of proteolysis could involve an increase in 
the number of muscle lysosomes, leakage of lysosomal enzymes, 
or increased uptake of proteins into this organelle. Alter- 
natively, mammalian cells are known to contain soluble neutral 
proteases’’**, and Ca**-dependent protease(s) from muscle 
seem to be capable of initiating myofibrillar degradation and 
hydrolysing other proteins*’~**, Direct activation of such non- 
lysosomal proteases seems an attractive explanation of the 
ionophore effect on degradation rates, although other indirect 
mechanisms cannot be excluded. 

The actual mechanisms involved in the Ca’*-dependent 
effects described here are unclear, but several factors indicate 
that they do not involve gross toxic effects on cells. First, 
elevation of protein synthesis in the presence of the ionophore 
indicates good viability, as this process is sensitive to small drops 
in ATP levels. Also, exposure of the muscles to A23187 for 2h 
produced no loss of subcellular structure or ability to produce 
maximum twitch tension on electrical stimulation (T. K., D. Erlij 
and J.D.E., in preparation). Finally, in previous studies with this 
muscle no alteration in resting potential was seen with the same 
concentrations of A23187 (10 ygml*') producing maximal 
effects in the present studies**. These results differ considerably 
from the results of certain workers using this ionophore in other 
systems. For example, studies with frog skeletal muscle have 
reported contraction accompanied by a decrease in resting 
potential and dramatic destruction of subcellular structure on 
exposure to A23187**. Such effects may be related to our 
observations of decreased protein synthesis seen in certain 
muscle preparations or upon longer exposure to ionosphere 
(data not shown). 





Table 2 Effect of leupeptin on protein degradation in the absence (a) and 
presence (bh) of A23187 











Protein degradation 
{(+cycloheximide) 
inmol Tyr released 


Net protein degradation 
(nmol Tyr released 


Treatment per mg per h) per mg per h) 
a 
Control 0.139+0.018 0,.208+ 0.011 
Leupeptin 0.073 + 0.007 -47% * 0.162 + 0.006 ~22%* 
b 
Control 0.181 +0.007 0.217 +0.009 
Leupeptin 0,123+0.013 32% t 0.171 + 0.007 —~21%t 
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Muscles were incubated as described in Table 1, Cycloheximide (0.5 mM) and 
leupeptin (50 uM) were added to both the preincubation and incubation medium 
as indicated. 

*P<0.01. 

+P <0.001, 

t P<0.005, 
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Table 3 Effect of tension on protein synthesis and degradation 
Protein degradation 
Protein synthesis (+cycloheximide) 
{nmol Tyr incorporated (nmol Tyr released 
Treatment per mg per h) per mg per h) 
a 
Control 0.299 + 0.034 0.275 +0.012 
Stretch 0.286+0.016 -—4% (NS) 0.200+0.011 ~27%t 
b 
A23187 0.240 + 0.007 0.417 +0.022 
Stretch + A23187 0.2952:0.017 +23%* 0.258+0.021 -~38%t 
C 
Stretch 0.243 + 0.024 _ 
Stretch + A23187 0.412+0.022 +70%T ~ 





Muscles were maintained under tension throughout the preincubation and 
incubation periods by fixing the length of the tissues in a stretched position (110% 
of rest length) with pinning through the tendons into small plastic supports. 
Other muscles were incubated in a flaccid state. lonophore (10 ug mi~?) was added 
as indicated and measurements were carried out as described in Table 1. 
Differences between mean values for identical conditions tested during different 
experiments (a, b, c) illustrates day to day variations and the advantage of paired 
muscle analysis. 

* P< 0.025. 

+P<0.01. 

¥ P < 0.003. 


In related studies we have found that combinations of 
different degrees of stretch and Ca** can produce effects consis- 
tent with muscle hypertrophy as well as atrophy (J.D.E., T.K. 
and K. Matsumoto, in preparation). However, the observations 
reported here closely resemble the hereditary muscular dystro- 
phies. Thus, Ca’* may be directly responsible for at least a 
substantial part of the increased protein turnover and net nega- 
tive nitrogen balance characteristic of muscular dystrophies. 
Tension seems to be particularly effective in decreasing Ca*”- 
induced net catabolism by increasing synthesis as well as 
decreasing degradation, and leupeptin seems able to decrease 
proteolysis in the ionophore-treated muscles. Thus, main- 
tenance of passive tension, and other agents like leupeptin and 
possibly calcium chelators may be of therapeutic value in the 
treatment of certain muscular dystrophies. 
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Cloning and endonuclease 
mapping of the hepatitis B viral genome 


THE virus that causes hepatitis B, or serum hepatitis, seems to 
infect only humans in nature, and experimental infection has 
been achieved in only a few additional mammals. The limited 
host range of the hepatitis B virus (HBV), and its failure so far to 
infect tissue culture cells have drastically restricted study of this 
virus and have hindered development of a vaccine for the serious 
disease that it causes. We report here the cloning of double- 
stranded HBV DNA in Escherichia coli K12, using the unique 
EcoRI cleavage site on the viral genome to introduce the entire 
HBV DNA molecule into an EcoRI cleavage site within the 
chloroamphenicol (Cm) resistance gene of the pACYC184 
plasmid vector’. 

The Dane particle?, a particulate form of viral antigen found 
in the blood of infected patients, seems to be the infectious form 
of HBV. DNA isolated from Dane particles has a molecular 
weight of 2.1 x 10° (corresponding to an approximate genome 
length of 3,200 base pairs), and is single-stranded for about 
15-45% of its length**. Using either the endogenous DNA 
polymerase of the Dane particle* or avian myeloblastosis virus 
RNA-dependent DNA polymerase (reverse transcriptase)’, the 
hepatitis B viral genome can be converted to a double-stranded 
circular form, which is cleaved by the Eco RI endonuclease into a 
unit length linear structure (A. Siddiqui, F. R. Sattler and W. S. 
Robinson, in preparation). We have introduced this EcoRI- 
cleaved viral DNA into the EcoRI site of the Cm-resistance 
gene of plasmid pACYC184. The previously reported“ hetero- 
geneity of Dane particle DNA has been investigated by analysis 
of multiple separately-cloned DNA molecules, and a restriction 
endonuclease cleavage map of the HBV genome has been 
constructed. 

The surface antigen of the hepatitis B virus (HBsAg) is known 
to be antigenically complex; four major subtypes (adw, ayw, adr, 
ayr) have been identified, and recent immunological evidence 
suggests that antigenic heterogeneity exists also within each of 
these subtypes’. Siddiqui et al. (in preparation) have observed 
that Dane particle DNA isolated from carriers infected with 
different hepatitis B viral subtypes show divergent Hincll and 
Haelll endonuclease cleavage patterns, and some degree of 
heterogeneity has been found even within the same subtype. In 
order to circumvent heterogeneity between different HBsAg 
subtypes or between different carriers of the same subtype, the 
DNA used in our initial cloning experiments was isolated from 
Dane particles of a single HBsAg carrier (subtype adw). This 
method also allowed us to investigate further the question of 
possible heterogeneity of hepatitis B viral DNA isolated from a 
single carrier. 

In order to decrease the frequency of recircularisation of the 
pACYC184 vector plasmid and to maximise formation of 
composite plasmids, EcoRI-cleaved pACYC184 DNA was 
treated with alkaline phosphatase’ before addition of EcoRI- 
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treated Dane particle DNA that had been made double- 
stranded using the endogenous DNA polymerase. The DNA 
species were ligated and introduced by transformation into a 
non-restricting (rmk) mutant E. coli C600 (ref. 8); bacteria 
were plated on nutrient agar plates containing tetracycline (Tc, 
10 wg ml") 40 min after the DNA uptake step of the trans- 
formation procedure to ensure that individual transformants 


12 3 4656 7 





Fig. 1 Cloning and restriction endonuclease analysis of recom- 
binants between Dane particle DNA and the pACYC184 plasmid 
vector. Dane particle DNA was isolated from the plasma of a 
chronic hepatitis B surface antigen (subtype adw) carrier 1083 and 
made fully double-stranded using the endogenous polymerase” A 
100 ng of this DNA was digested with 0.5 units of EcoRI 
endonuclease (New England Biolabs) for 30 min as previously 
described”. pACYC184 DNA 2yg isolated as described else- 
where’? was simultaneously digested with a twofold excess of 
endonuclease EcoRI and treated with 0.2 U of calf intestine 
alkaline phosphatase (Boehringer) to prevent recircularisation 
during the subsequent ligation’. The reaction was stopped by 
heating at 65 °C for 10 min, followed by phenol extraction. After 
precipitation by ethanol, the phosphatase-treated plasmid DNA 
was mixed with the EcoRI-cleaved fully double-stranded Dane 
particle DNA in a final volume of 50yl, and ligated using 0.14 U of 
bacteriophage T4 DNA ligase, (New England Biolabs) for 8h at 
12.5°C in standard conditions”. The reaction mixture was added 
directly to the CaCl,-treated E. coli C600 (rgmĶ) for trans- 
formation*. P3+EK1 containment conditions were used, as 
specified in the 22 December 1978 recombinant DNA guidelines 
of the US National Institutes of Health. Transformants were 
selected on Penassay base agar (antibiotic medium 2, Difco) 
containing Tc (10 pg ml‘). After 24h at 37°C, colonies were 
screened for insertions in the gene that codes for chloramphenicol 
resistance’ by streaking clones on plates containing Cm 
(25 ug ml‘). Plasmid DNA was isolated from those clones which 
were sensitive to Cm as described'*. Endonuclease digests of one 
representative plasmid designated pHBV1 were analysed by gel 
electrophoresis. Vertical agarose (0.7%, Seakem, M.C.I.) gels 
(20 cm long) were run at 35 mA (ref. 9). pACYC184 and pHBV1 
DNAs were treated with the indicated endonucleases and molecu- 
lar lengths were calculated using EcoRI-generated fragments of 
pRR12 as a size standard (see below) and are accurate within 
+ 10% (ref. 13). Lanes: (1) pACYC184 DNA, showing uncleaved 
superhelical dimers and higher multimers; (2) pHBV1 recom- 
binant DNA, showing uncleaved superhelical monomers and 
higher multimers; (3) HindIIl-cleaved pACY C184 DNA, showing 
a single linear fragment (3.97 kilobases); (4) HindIIl-cleaved 
pHBV1 recombinant DNA, showing linear fragment (7.91 kilo- 
bases), as HBV DNA is not cleaved by this enzyme; (5) EcoRI- 
cleaved pACYC184 DNA, showing single linear fragment (3.97 
kilobases); (6) EcoRI-cleaved pHBV1 showing two fragments 
(3.97 and 3.3 kilobases); (7) EcoRI-generated fragments of plas- 
mid pRR12 used as molecular length standards’. The lengths of 
the fragments shown are (from top to bottom) 20.39, 12.08, 11.40, 
10.88, 7.55, 6.04, 5.29, 4.83, 4.09, 2.70, 1.66, 1.53 and 1.13 
kilobases. 
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Fig. 2 Autoradiogram of pHBV1 DNA after endonuclease 
digestion and hybridisation with a nick-translated Dane particle 
DNA probe. The fractionation of endonuclease cleaved DNA was 
as described in Fig. 1, except that a 1.5% agarose gel was used. The 
DNA was transferred from the agarose slab gels onto nitrocellulose 
filters (Millipore) by the method of Southern'*. After the transfer, 
the filter was incubated for 16h in a 6 SSC solution containing 
prehybridisation buffer (0.02% each of, Ficoll, poly- 
vinylpyrrolidone and bovine serum albumin)'*. Dane particle 
DNA was labelled by nick translation”, The specific yoy a of 
the DNA probe was 5. 09x 10’ c.p.m. ug '. Initially, the 

labelled DNA (1.5 x 10° c.p.m.) was denatured | in a boiling water 
bath for 20 min in the presence of 1.3 mg ml ! sonicated salmon 
sperm DNA (total volume 1.2 ml), chilled briefly, then brought to a 
final volume of 5ml hybridisation buffer containing 50% 
formamide, 5xSSC, and 0.2% sodium lauryl sulphate. After 
removing the prehybridisation buffer, the filter (8 x 15 cm) was 
annealed with the HBV probe for 12 h at 42 °C in a sealed plastic 
bag. It was then washed twice for 1 h each time at 42 °C with 25 ml 
of the hybridisation buffer and repeated an additional two times 
with the same solution but 0.5 x SSC. The filter was finally rinsed 
with 100 ml 2 x SSC, air dried and exposed to an X-ray film in the 
presence of a Dupont C ronex intensifying screen at — 70 °C for 2h. 
Lanes: (1) EcoRI-cleaved **P-labelled Dane particle DNA made 
double-stranded with endogenous polymerase, to serve as a 
marker for the location of unit length HBV DNA; (2) EcoRI- 
cleaved pHBV1 DNA; (3) **P labelled nick-translated HBV DNA 
that has been cleaved with both EcoRI and Hincll, to serve as a 
marker for the sizes of the endonuclease generated fragments from 
the genome; (4) pHBV1 DNA cleaved with both EcoRI and 
Hincll. Lanes 1 and 3 were exposed to X-ray film before hybridis- 
ation was performed. The 94-base pair fragment resulting from the 
EcoRI cleavage of the Hincll ‘D` fragment (see Fig. 3) does not 
appear in the autoradiogram because it is not retained by this gel. 
The 220-base pair fragment resulting from this same cleavage of 
Hincll fragment D does not appear in lane 4 because it is 
incompletely retained on the filters during hybridisation in the 

conditions used. 
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Fig. 3 Map of HBV DNA component of the pHBV1 plasmid, 
showing cleavage sites for certain restriction endonucleases. The 
cloned HBV DNA was mapped by a previously described pro- 
cedure which involves ° P-end labelling and partial enzyme diges- 
tions’? (data not shown). The HBV DNA insert contains no 
cleavage sites for the HindIII, Sall, Smal, or Xhol 
endonucleases.The EcoRI cleavage site was arbitrarily chosen as 
the zero position for the map. 


would represent separate clones. Tc-resistant transformants 
were selected and screened for resistance to Cm. Over 90% of 
those clones resistant to Tc were sensitive to Cm, indicating 
interruption of the continuity of the Cm resistance gene; plas- 
mids from 25 of these were isolated and examined by agarose gel 
electrophoresis’ after EcoRI cleavage. Twenty of the cloned 
plasmids were found to contain a single DNA insert approxi- 
mately 3,300 base pairs in length (Fig. 1); the remaining five 
plasmids had undergone deletion of vector DNA in the vicinity 
of the EcoRI cleavage site. Using Bam HI endonuclease, which 
cleaves the pACYC184 and HBV DNA molecules asym- 
metrically, we found that both orientations of HBV DNA 
insertion were equally represented in these clones (data not 
shown). 

The identity of the DNA insertions within pACYC184 was 
verified by cleavage of a selected composite plasmid (pPHBV1) 
by several different site-specific endonucleases and by hybridis- 
ation of radioactively-iabelled HBV DNA to the endonuclease- 
cleaved recombinant plasmid (Fig. 2). In addition, to facilitate 
further studies of the structure of the HBV genome and the 
proteins that it encodes, an endonuclease cleavage map (Fig. 3) 
of the pHBV1 plasmid was constructed using the procedure of 
Smith and Birnsteil’®. The location of endonuclease cleavage 
sites within cloned pHBV1 DNA is in agreement with a pre- 
liminary map (Siddiqui et al., in preparation), constructed for 
HBV DNA isolated directly from Dane particles obtained from 
the same human carrier. This finding provides further 
verification of the nature of the DNA insert contained in the 
pHBV1 plasmid, and indicates also that the entire HBV genome 
is present and stably maintained in the recombinant plasmid. 
Experiments reported recently by Fritsch ef al.'' indicate 
that recombinants between HBV DNA and bacteriophage 
AgtWES.AB can also be propagated stably in E. coli K12. 
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Landers et al.* reported that the sum of fragments produced 
by Hae III endonuclease cleavage of Dane particle HBV DNA is 
greater than the molecular size of the entire virus, and concluded 
that the DNA molecules contained in different Dane molecules 
were not identical. In our studies of HBV DNA cloned in E. coli 
K12, we have observed that the sum of the sizes of the Haelll 
fragments in 20 separate clones equals exactly the molecular 
weight of the virus. The difference between the fragmentation 
patterns observed by us for Haelll-digested cloned HBV DNA, 
and the pattern reported by Landers et al.* using Dane particle 
DNA obtained from a different carrier resides partly in the two 
largest Haelll-generated fragments of the virus; Haelll 
cleavage of the DNA studied by Landers et al. yielded a doublet 
with components estimated to be 986 and 957 base pairs. 
Electrophoresis of the cloned DNA showed a single fragment 
having a mobility consistent with a size of 986 base pairs, as did 
fully-stranded Dane particle DNA isolated from that carrier. 
Electrophoresis of a mixture of HaelIII-cleaved pHBV1 DNA 
with identically digested DNAs from 19 other HBV- 
pACYC184 recombinant plasmids we have studied showed no 
double band at the relevant location in the gel. 

In addition, the cloned DNA does not show the 750-base pair 
Haelll-generated fragment found in Dane particle DNA by 
Landers et ai.*. Since this fragment appeared only in Dane 
particle DNA that was elongated with endogenous DNA poly- 
merase in the presence of deoxyribonucleoside triphosphates, 
its presence may have resulted from incomplete ‘fill in’ of the 
single-stranded portion of the HBV genome. 

The ability to clone the total genome of HBV in an E. coli K12 
strain now allows the amplification and propagation of hepatitis 
viral DNA species isolated from individual carriers and the 
production of substantial quantities of HBV DNA for further 
structural studies. Investigation of endonuclease cleavage 
patterns of cloned Dane particle DNA derived from different 
carriers showing the same viral subtype, and from individuals 
infected with different subtypes, should elucidate the extent of 
heterogeneity of the HBV genome in such carriers and should 
enable correlation of DNA primary structure with subtype 
specificity. 

In addition, the prospect of expression in bacterial cells of 
peptides encoded by the cloned HBV viral genome potentially 
provides a means of synthesising large amounts of viral surface 
antigen suitable for use in production of a vaccine for viral 
hepatitis. 

These investigations were supported by grants from the NIH, 
the NSF and the American Cancer Society (ACS) to W.S.R. and 
S.N.C. J..S. is a postdoctoral fellow of the ACS. 
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matters arising 


Improved amorphous 
semiconductors for 
solar cells 


OVSHINSKY AND MADAN! have 
described the interesting results of 
incorporating fluorine in glow discharge 
deposited amorphous silicon (in particular 
a very low density of states within the gap.) 
However, as one would expect on general 
grounds, fluorinated material has a 
significantly larger energy gap than hydro- 
genated material. It therefore offers an 
even less good match to the solar spec- 
trum, which would not improve the 
efficiency of solar cells made from it. 
Although the use of iodine rather than 
fluorine might be expected to be helpful in 
this respect it is still unlikely to reduce the 
energy gap to the near 1 eV value required 
for optimum spectral response. [The 
stability of the Si-] bond shown by the 
surface stabilisation of silicon by iodine’, 
led me to discuss the possible use of iodine 
in glow discharge deposited silicon with 
several workers at the International Con- 
ference on the Physics of Semiconductors 
at Edinburgh in September 1979. ] 

During our group’s early work on glow 
discharge deposition of amorphous 
materials (see refs 3, 4) it was observed 
that germanium and silicon—germanium 
alloys deposited by glow discharge from 
germane or germane-silane mixtures, 
even with rather small germanium 
content, show negligible photoconduc- 
tivity compared with pure silicon. This 
would now be interpreted in terms of the 
Ge-H bond being weak compared with 
the Si-H bond, with the result that dang- 
ling bonds on germanium atoms are not 
stably hydrogenated in amorphous 
germanium and its alloys, and with the 
further consequence that these materials 
have a large density of states in the gap. It 
would therefore not be possible to prepare 
solar cells from them even though their 
absorption edge could be well matched to 
the solar spectrum. Clearly this situation 
would alter if a stronger bonding element, 
such as a halogen, were used to satisfy 
germanium dangling bonds. (Even the 
Ge~I bond is far more stable than Ge-H). 
What is suggested, then, is that parti- 
cularly promising amorphous semicon- 
ductors for making efficient solar cells 
would be germanium and Ge-Si alloys 
incorporating halogen, the overall 
composition tailored to optimise the pho- 
toconductive response spectrum to solar 
radiation. 
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Note added in proof: The optimum energy 
gap for matching a cell to the AM1 solar 
spectrum is about 1.4 eV (see, for exam- 
ple, ref. 5). However, even at the Equator 
the Sun is not long at the zenith (implied 
by AM1), and the increasing atmospheric 
absorption at lower solar angles charac- 
teristic of most of the day (all of it at higher 
latitudes, outside the tropics) shifts the 
optimum energy gap to still lower values. 
It would only be with high tempera- 
ture operation (above ~300°C) that 
fluorinated amorphous silicon could be 
considered to provide a good spectral 
match. As the main aim in developing 
large area solar cells is to avoid concen- 
tration of radiation, the maximum 
temperature likely to be encountered with 
them is perhaps 65 °C. 


C. H. L. GOODMAN 
Standard Telecommunication 
Laboratories, 
London Road, 
Harlow, Essex, UK 
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OVSHINSKY AND MADAN REPLY— 
Goodman suggests that (1) the optimal 
energy gap for solar photovoltaic energy 
conversion is leV and (2) fluorinated 
amorphous silicon has a significantly 
larger energy gap than hydrogenated 
amorphous silicon, and thus concludes 
that amorphous germanium or Ge-~-Si 
alloys are preferential to amorphous sili- 
con for solar-cell applications. Both of the 
above premises are incorrect. 

It is well known’? that the optimal gap 
for solar photovoltaic energy conversion is 
about 1.6 eV, not 1 eV. For example, the 
maximum efficiency for Am-0 using a 
semiconductor with an energy gap of 
1.6 eV is about 25%, more than half again 
as large as the 16% maximum efficiency of 
a material with a 1.0eV gap’. Further- 
more, the energy gap of our new amor- 
phous $1:F:H alloy is determined by a 
Fowler plot and clearly stated in our 
letter* is 1.65 eV, which is essentially the 
optimal value. In fact, it is not significantly 
different from the energy gaps of 1.55- 
1.8eV obtained in silane-decomposed 
films**, nor is it much larger than the 
1.5 eV gap of nominally pure amorphous 
silicon’®, The reason for this is that the 


fluorine concentration of the new alloy is 
<5% and thus the vast majority of the 
chemical bonds that determine the energy 
gap of the material are ordinary Si-Si 
covalent bonds. 

The major purpose of our letter* was to 
point out that the new alloy has many 
features in addition to its band gap that 
makes it more desirable than silane- 
decomposed material for solar-cell appli- 
cations. 

Note added in proof: Goodman in his note 
in proof now suggests that higher air-mass 
conditions would greatly deteriorate the 
performance of amorphous Si: F:H solar 
cells on the basis of a 1.65-eV gap. The 
facts are as follows’. At AM-2, when the 
sunlight is at an angle of 60° to the Earth's 
surface (approximately the spectrum for 
average, slightly hazy weather conditions 
and smaller sun angles, as in temperate- 
zone climates), the maximum conversion 
efficiency of an ordinary solar cell is 
~26%. For a gap of 1.65 eV, the maxi- 
mum conversion efficiency is still 25%. 
This figure, in fact, is larger than the 
maximum conversion efficiency at any 
energy gap for AM-O conditions (because 
of the decrease in relative solar irradiance 
in the near infrared at AM-2). The main 
point is that the maximum conversion 
efficiency is only a weak function of energy 
gap in the 1.0-2.0 eV range (never drop- 
ping below 20% in this range at AM-2), so 
that the efficiencies of real devices are 
much more dependent on other 
parameters. 

S. R. OVSHINSKY 

A. MADAN 
Energy Conversion Devices, Inc., 
1675 West Maple Road, 
Troy, Michigan 48084 
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Asbestos-enhanced 
uptake of carcinogens 


THE results of Lakowicz and Hylden’s 
studies’ on asbestos-mediated uptake of 
benzo(a)pyrene (BP) by dipalmitoyl L-a- 
phosphatidylcholine (DPPC) vesicles are 
more indicative of in vivo transfer of BP 
from particulates to lung surfactant 
(mainly DPPC and other phospholipids’) 
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than transfer of BP from particulates to 
biological membranes (mainly phos- 
pholipids and globular proteins’). As a 
monomolecular layer of surfactant 
containing DPPC exists at the air—liquid 
interface in the lung, BP adsorbed onto 
inhaled particulates would be at least 
partially transferred to lung surfactant 
before transfer to cell membranes would 
be initiated. 

I suggest that the reported’ increased 
rate of transfer for BP adsorbed to parti- 
culate silica or amosite asbestos as 
compared with BP in a microcrystalline 
form is principally a result of the adsorp- 
tion of the mobile DPPC vesicles onto the 
particulate surface, rather than increased 
solubilisation of BP in an aqueous phase. 
It has been shown that DPPC readily 
adsorbs onto the surface of glass fibres and 
various types of asbestos, including 
amosite*. The adsorption is controlled by 
coulombic interactions between the ionic 
head group of the DPPC and the elec- 
trostatic charge of the particulates. The 
particulate surface charge also is 
significant in determining particulate- 
membrane interactions’. While the parti- 
culate surface charge controls DPPC 
adsorption, the particulate specific surface 
area and the form of the adsorbed BP 
(such as microcrystalline or monomeric’) 
determine the surface area covered with 
BP at the particulate—liquid interface and 
thus the availability of BP for transfer to 
adsorbed DPPC or cell membranes. The 
interfacial availability of BP would govern 
relative transfer rates for particulates, 
such as silica and amosite, which display 
essentially the same surface charge*. On 
the basis of these comments, I suggest that 
the preferential interfacial transfer of 
carcinogens to cell membranes and/or 
lung surfactant at the particulate surface 
may be an important factor in co- 
carcinogenesis. 


W. G. LIGHT 
Technology Development 
Department, 
Walden Division, Abcor, Inc., 
850 Main Street, 
Wilmington, Massachusetts 01887 


1, Lakowiez, J. R. & Hylden, J. L. Nature 278, 446-448 
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3. Singer, $. J. & Nicolson, G. L. Science 175, 720-731 
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LAKOWICZ ET AL. REPLY—we are 
aware that DPPC is a major component of 
lung surfactant; however, it is not known 
whether carcinogens which are adsorbed 
to particles are eluted during contact with 
surfactant or after subsequent contact 
with cells. For this reason we are investi- 
gating the effects of asbestos and silica on 
uptake of BP into natural membranes, 
namely rat liver microsomes and 3T3 
cells. Again we find that these particles 
enhance BP uptake and that asbestos is 
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more effective than silica. Thus, it is clear 
that the particle-enhanced uptake of BP is 
a more general phenomenon which could 
occur not only in lung surfactant but also 
in lung cells. 

The mechanism of the transfer process 
has not been elucidated. We suggested 
that the particle enhancement of uptake 
results from an increased rate of solu- 
bilisation of the BP in the aqueous 
medium, whereas Light proposes that the 
transfer of the BP is to vesicles which have 
become bound to the particulates. The 
basis for our argument comes from more 
detailed studies of the particle-enhanced 
uptake of another polynuclear aromatic 
hydrocarbon (PAH), 1,2-benzanthra- 
cene, into DPPC vesicles’. In that instance 
we measured virtually the same uptake 
kinetics over a wide range of particle to 
DPPC ratios. For this reason we propose 
that the enhanced uptake results from an 
increased rate of solubilisation of these 
PAH by virtue of their association with 
the particulate materials. We do not 
intend to indicate that the particles can 
increase the equilibrium solubility of the 
PAH. 


J. R. LAKOWICZ 
J. L. HYLDEN 
D. R. BEVAN 
Gray Freshwater Biological Institute 
and Department of Biochemistry, 
University of Minnesota 
P.O. Box 100, 
Navarre, Minnesota 55392 
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The evidence for 
species guilds is an artefact 


THE evidence cited by McNaughton’ that 
ecosystems are loosely linked sets of spe- 
cies guilds seems to be based on an 
unfortunate artefact. Although the 
independent occurrence of species in 
samples is appropriately tested using the 
point correlation coefficient (V), it is 
effectively precluded by the sampling 
method used. This leads to a non-zero 
expectation for the point correlation 
coefficient for species whose spatial dis- 
tributions are independent. 

The dependence introduced by the 
sampling method may be demonstrated 
analytically. If an area occupied by a 
number of species distributed indepen- 
dently in space is sampled and the 
resulting distributions of the ath and bth 
species (A and B) among samples are 
independent, then 


P{A N B} = P{A}P{B} (1) 


Where the events A and B are the occur- 
rence ina sample of A and B, respectively. 
However, if it is sampled in the manner 
described by McNaughton it can be shown 
that 
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P{AN B}= P{A}P{B}—(1+(k —-1) 
x (h + 1) a eee 


In this, f; is the proportionate cover of the 
ith species, g, = 1 — f, and, summing over 
all species except A and B, h=}.,f, and 
k=} fi/ g As g; <1 forall i, k > h, so that 
equation (2) implies 


PLAN B}< PIA}P{B} 
ijji hd + Bago Valo! (Rage) 


Hence, as long as A and B occur, together 
with at least one other species (that is 
0<P{AN B}<1), 


P{AN B}< P{A}P{B} 


This contradicts equation (1). It follows 
that if two species independently dis- 
tributed in space are sampled by this 
method and a point correlation can be 
calculated between them, its expected 
value is negative. 

Due to its dependence on k, this bias 
declines with increased numbers of spe- 
cies as long as the form of the species 
abundance curve remains consistent. To 
determine the extent to which this might 
account for the effects observed by 
McNaughton, the sampling method was 
simulated on a computer, the first indivi- 
dual of each sample being selected at 
random from the species complement, the 
second at random from all species except 
that of the first. The average interaction 
term 7 and connectance c were estimated 
for sets of 100 sample points in the 
manner used by McNaughton, calculating 
V only when both species were represen- 
ted by at least 10 individuals. 

The extent of the bias in V depends on 
the frequency distribution of species 
abundance. It was postulated that the 
ranked population frequencies of the 
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Fig.1 The relationship between average 
interaction strength and number of spe- 
cies generated by the use of the sampling 
method of McNaughton’ on species dis- 
tributed independently in communities 
with log-series species abundance curves 
(solid line) for comparison with that 
reported for African grasslands. 
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Fig. 2 The relationship between con- 
nectance and species number generated 
with the sampling method of McNaughton 
from communities with log-series species 
abundance curves for species distributed 
independently in space (solid line) for 
comparison with that reported for African 
grasslands. 


species sampled formed a geometric 
series, with common ratio exp (-1/qa). 
Random sampling from such a dis- 
tribution yields a log-series species abun- 
dance curve with diversity index’ a. Such 
curves have frequently been found to 
provide an adequate description of species 
abundance data, albeit largely for insects’, 
and have the advantage that they are 
effectively completely determined by 
sample size and species number. 


Mean values of species number (s), f 


and é were determined for various values 
of a. The relations of f and ĉ to s thus 
obtained are superimposed on the data of 
McNaughton in Figs 1 and 2. The curves 
seem to fit the data points adequately, 
leaving no residual systematic effect, 
affirming that the apparent decline in 
these parameters with increased species 
number is an artefact of the sampling 
method used. 


J. R. W. HARRIS 
Centre for Overseas Pest Research, 
College House, Wrights Lane, 
London W8, UK 


1. McNaughton, S, J. Nature 274, 251-253 (1978). 
2. Taylor, L. R., Kempton, R. A. & Woiwood, 1. P. J. Anim. 
Ecol. 45, 255-272 (1976). 


Stability and diversity 
in grassland communities 


IN his analysis of the stability properties of 
large, randomly constructed model 
ecosystems, May' contradicted the exis- 
ting ecological dogma—that increased 
community complexity produces 
increased stability—by showing that in 
Lotka~Volterra models, dynamic stability 
is diminished with increases in: (1) the 
number of species ($); (2) the average 
strength of the interactions among species 
(i); (3) the connectance of the system (c), 
that is, the proportion of non-zero values 
for i in the community interaction matrix. 
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He showed that the system is almost 
certainly stable if 


(Sc)? <1 (1) 


McNaughton’ uses data from a study of 
the interactions among plant species in 17 
grassland stands in the Serengeti National 
Park to test May’s results, and concludes 
that both average strength of interaction 
and connectance are negatively correlated 
with species richness, implying that 
the structure of these grassland com- 
munities is constrained in special ways to 
meet the requirements for local 
stability. If this were true, it would be 
an important conclusion’. Unfortunately, 
McNaughton’s results are an inevitable 
consequence of varying $, and hence say 
nothing about whether interactions in 
these communities are constrained by 
dynamic interactions between species. 
McNaughton measures the strength of 
interaction among the plant species by 
applying to nearest-neighbour datat the 
point correlation coefficient, V (giving 
limits of +1 if the two species always occur 
















Matters Arising 


Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
contribution should initially send his 
manuscript to the author of the ori- 
ginal paper and both parties should, 
wherever possible, agree on what is to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 300 words and the 
briefest of replies, to the effect that a 

point is taken, should be considered. 





together, ~1 if they never do, and a value 
of 0 if the species are distributed 
independently)’, and shows that V is 
negatively correlated with $. However, he 
seems to make no allowance for the fact 
that, as species richness increases, V is 
bound to decrease. Harris presents the 
argument in full. 

Finally, McNaughton’ draws attention 
to another theoretical possibility, sugges- 
ted by May’, which also enhances the 
probability of stability in ecological 
systems; namely, that communities are 
organised into blocks of species. 
McNaughton suggests that the size of 
these blocks (or guilds) can be estimated 
by Sc. Unfortunately, Sc says nothing 
about whether the connections between 
species are ‘blocked’ and cannot measure 
the size of these blocks, even if they exist. 
Blocking depends on the arrangement of 
the interactions between species, and not 
on how many there are. 

However, we agree with McNaughton 
that it is important to attempt to test stim- 
ulating ecological theories in the field, and 
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we hope that further analysis of data of 
this kind will now be attempted by others. 


J. H. LAWTON 
S. P. RALLISON 
Department of Biology, 
University of York, 
York, UK 
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MCNAUGHTON REPLIES—Lawton and 
Rallison’s statement that ‘as species 
richness increases, V is bound to 
decrease” is incorrectly applied to my 
Letter. As I reported negative values for 
V, the number of contacts would have 
increased, not decreased, had my initial 
report been correct. But it was wrong and 
Harris accurately identified the flaw. 

I am grateful to them for calling atten- 
tion to my error and hope that other 
ecologists using 2 x 2 contingency tests in 
this type of analysis will not make my 
mistake, whether using V or other stat- 
istics, such as y”. I should have calculated 
an expected V, based on the species’ rela- 
tive abundance, and then used the t-test 
based on the z-transformation to deter- 
mine whether the calculated V departed 
from the expected value. It is, therefore, 
of value to other ecologists who use 
nearest-neighbour analysis, or similar 
methods based on contingency testing, to 
have the expected values of the cells. 

Using the traditional notation of a, b, c, 
d, for the cells of the 2 x 2 table, expected 
values for all sampling events consisting of 
two consecutive draws with replacement 
are, if the individuals are randomly 
arranged, a=2ff,, b=f2+2f,h, c= 
f2+2f,h, and d=h’, where f, =n,/N, 
fv=n,/N, and h=1-f, fy 

This obviously results in an expected 
negative value of V that increases in 
magnitude as f, and f, increase. But it also 
allows a straightforward test of spatial 
associations comparing observed and 
expected values of V. If, on the other 
hand, nearest neighbours of the same 
species are classified as ‘pseudospecies’, 
one traditional method in nearest-neigh- 
bour analyses, f? and f?, are removed 
from the b and c cells and added to the d 
cell, resulting in expected positive values 
of V for randomly distributed individuals. 

Another alternative previously used in 
nearest-neighbour analyses of vegetation 
is to classify intraspecific nearest neigh- 
bours as ‘no contacts’, eliminating them 
from the analysis. But then each cell must 
be corrected by 1—f?—f? =m, which 
apparently has not been done, and a = 
2ff,/m, b=2f,h/m, c=2f,h/m, and 
d=h?/m. Finally, I redrew (selected the 
next nearest neighbour of another species) 
when nearest neighbours were members 
of the same species. To my chagrin, the 
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expected value of V with this approach 
also is negatively biased with 


a =2fehy + ffl I~ fe) +fUE/1-f) 
b =2fch + filh/1-f.)+ E -AN 


c= 2+ fh/1-f)+ E E-A) 


and 


d=h- ¥ [fi (h/1—f 


~ E IAN- 


where f; is n,/N for each of the s species 
other than x and y. When I reanalysed my 
data, using the t-test as described above, 
the negative correlations I reported dis- 
appeared completely, as Harris predicted. 

References 13-15, 18 and 19 in my 
initial Letter, as well as other sources’, can 
be consulted for abundant evidence justi- 
fying my assumption that the spatial 
arrangements of individuals in local areas 
may reveal the nature of intereactions 
among them. Naturally, experimentation 
would be the next step. 

I thank W. T. Starmer for taking me 
‘back to basics’; showing me two of the 
possible ways of treating intraspecific 
nearest neighbours and pointing me in the 
direction of others. 


S. J. MCNAUGHTON 
Biological Research Laboratories, 
Syracuse University, 
130 College Place, 
Syracuse, New York 13210 
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Mutagenic effect of 
aromatic epoxy resins 


ANDERSEN ET AL.’ state that ‘the 
demonstration of a mutagenic effect of 
aromatic epoxy resins (that is, those based 
on bisphenol acetone, BPA) indicates a 
genetic hazard, including a cancer risk, for 
humans exposed to these compounds’. We 
challenge the rationale for this rather 
definite conclusion. Epoxides as a class are 
reactive chemicals and in general are 
alkylating agents. However, in the 
extrapolation from direct alkylation of 
DNA to defining the risk of mammalian 
mutagenicity or carcinogenicity, other 
major factors must be considered, in 
particular the dose reaching target 
tissues/molecules and the importance 
of the detoxication or intoxication 
mechanisms which are only properly 
developed in the in vivo situation. 

Such considerations are being included 
in a series of mutagenic assays to test for 
possible mammalian genotoxicity’. But 
at present, in vivo studies must be consi- 
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dered as giving more definitive data than 
work carried out in vitro or in non-mam- 
malian systems. 

It is surprising, therefore, when a BPA- 
based epoxy resin which has been tested 
several times for carcinogenic potential 
with negative results is now considered to 
be a potential carcinogen based on the 
results of a microbial mutagenicity assay 
(although it does indicate that in vivo 
mutagenicity studies are required). 
Andersen et al.’ review some of the ani- 
mal data, but we would summarise the 
available cancer studies as follows: 

(1) Andersen et al. do not critically 
evaluate the paper by Kotin and Falk°®. 
The latter do not provide sufficient 
experimental details, in particular the 
route and frequency of exposure, to 
enable any conclusion to be drawn from 
their work, but it can be stated that there 
was definitely more than one exposure to 
the test material. 

(2) The results of Weil et al.’ are not 
correctly interpreted by Andersen et al. 
They carried out two skin painting 
experiments. In the first, probably 30 mice 
were used and one papilloma was noted. 
In a repeat study, probably using 40 mice, 
no skin tumours occurred. The mortality 
of these mice was quite normal; there are 
no grounds for stating that the study was 
inadequate as the mice were dead in less 
than 24 months—the mice used by this 
laboratory lived their normal life span as 
evidenced by Weil’s other data, and an 
average life span of about 18 months in 
mice is quite acceptable”. 

(3) Hine etal.’ carried out a skin painting 
study, not referred to by Andersen et al., 
in which a typical BPA-based expoxy 
resin was tested in both mice and rabbits 
without any skin tumours developing. 
Further, reference by Andersen et al. to 
the injection site sarcoma data only must 
be questioned as these tumours are not 
generally accepted as providing any 
reasonable indication of carcinogenic 
hazard (for example, gold and hypertonic 
saline were shown to be carcinogenic by 
this route’*!"), 

In conclusion, the preponderance of 
available evidence indicates that currently 
used BPA-based resins present no 
carcinogenic hazard to man. This assess- 
ment is not changed by the evidence of 
Andersen et al., although their findings 
should definitely stimulate further 
mutagenic studies. 


G. C. GRANVILLE 
Group Toxicology Division, 
Shell International Petroleum Co. Ltd, 
Shell Centre, 
London SE1, UK 
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ANDERSEN ET AL. REPLY-—Granville 
challenges our conclusions based on posi- 
tive Ames tests with aromatic epoxy resins 
(AER). He claims that our conclusions are 
too definite and argues that tests in 
mammals would much better predict the 
risk for mutagenic and carcinogenic 
activity in humans. Conventional animal 
tests use only about 200 animals and are, 
therefore, rather insensitive. Only strong 
carcinogens will be identified by such 
tests’. 

The animal tests that were made on 
AER in the 1950s and early 1960s are 
inconclusive. The tests which did not show 
tumours are faulty and insufficient. In 
several cases, exact information on the 
experimental details is lacking. Only 
about 100 mice and 50 rabbits were 
used**. The rabbit experiment was, 
according to the authors themselves, 
rather insensitive. Nevertheless, Granville 
claims that the experiments indicate that 
AER does not represent a cancer hazard, 
despite the experiment—albeit another 
one suffering from deficiences in the 
description of the test conditions—in 
which tumours were produced by the 
resins’. 

Thus our strong suspicions of dangerous 
effects of AER are in no way disproved by 
existing animal tests, nor will any new 
animal carcinogenicity test be able to give 
definite proof for non-carcinogenicity. It 
is Our Opinion that the doubt which might 
exist about the mutagenic or carcinogenic 
activity of a chemical substance should be 
used for the benefit of people who will 
come in contact with the substance. The 
only clear proof that AER is not 
dangerous to humans could come from 
experiments proving that AER cannot 
reach the relevant target molecules, 
namely DNA. As long as these experi- 
ments have not been made, AERs must be 
considered as mutagens and carcinogens. 


MARGRETHE ANDERSEN 
MONA-LISE BINDERUP 
PAULI KIEL 

HENRY LARSEN 

JETTE MAXILD 


Department of Microbiology, 

The Royal Danish School of Pharmacy, 
2 Universitetsparken, 

DK-2100 Copenhagen Ø, 

Denmark 
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Our technical services $ group gets calls all 
the time from researchers who have found that 
iodinating proteins can be tricky. We usually 
have the answers, because 
at NEN we iodinate proteins 
ourselves — with our own 
iodine-125. 

Of course, having trouble- 
free iodine-125 at the outset 
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Exciting endocrinology 


Pioneers in Neuroendocrinology, Vol. 
H. Edited by J. Meites, B. T. Donovan 
and S. M. McCann. (Plenum: New 
York and London, 1978.) £20.48. 


THis fascinating collection of micro- 


autobiographies will delight those who 
already know that scientists as a group 
are neither more nor less often inspired, 
neither more perfect nor more per- 
verse than others who make a living 
by their wits. It will also be received 
with joy by those who doubt the 
second of both these pairs of proposi- 
tions. There is enough in it to reinforce 
almost any prejudice and material for 
many an after-dinner story. 

Two quotations may whet the 
appetite and show the potential of the 
book in arguments for or against the 
‘Two Culture’ hypothesis. 


“Harmony in science respects the same 
type of stringent rules that can be found 
in Bach’s polyphony . . . It really does 
not matter, for the progress of science, 
whether you are personally exploiting 
one of your previous findings and work- 
ing on the next discovery, or whether the 
next step is taken by others who have 
picked up your idea. Some people feel 
this is stealing from you. In my opinion, 
it is the best compliment one scientist 
can pay another”. 

“My one application to Jefferson 
Medical College was rejected, to my 
parents’ chagrin but to my delight, 
and for the next two years I worked 
as a professional musician in the 
Philadelphia area”, 


Inevitably in a book of this type, the 
contrast of personal philosophies is as 
remarkable as the difference in literary 
styles, but most contributions are pene- 
tratingly self-critical and many are 
full of humour. 


“Du Vigneaud once told me that in 
the isolation of oxytocin, the most 
efficient purification step had been that 
of separating the pituitary from the 


cow”, , 
Also, at a time when the number 
of young people of exceptional 


ability who choose scientific research 
as a career seems to be falling, 
one value of such a collection of 
honest attempts ‘to tell it like it 1s’ 
may be to provide an insight into the 
challenges and rewards of this way of 
life, far more vivid than any descrip- 
tion from a careers officer. 
Contributions to this volume were 
of course only invited from those whose 
work has succeeded, in the sense of 
making important contributions to a 


relatively new branch of endocrinology. 
Another way in which its publication 
can be of general value is therefore by 
allowing some comparison of research 
careers and of the contributions made 
by different types of funding. 

As one would expect in our era, the 
overwhelming majority of the work has 
received state support. The total of 24 
contributors is not a large statistical 
sample, but it is noteworthy that 20 
worked with grants in a university 
environment, Of the remainder, two 
were on the staffs of privately endowed 
research institutes (though they, too, 
received much state funding), two 
carried out some of their work in gov- 
ernment research institutes, and one 
was supported principally by the US 
Veterans Administration. 

As it can be predicted with some 
confidence that during the next decade 
neuroendocrinology will make major 
contributions to drug treatment of 
disease, it is again of some interest 
that 14 of the contributors had their 
formal training in physiology and/or 
anatomy, four in zoology, two in 
psychology and only two in pharma- 
cology. Only five mention industrial 
support for some of their work. No 
less than 12 of the authors were trained 
as physicians before specialising in a 
basic science, a career pattern which 
has now become very rare in the UK. 

The editors evidently had no distaste 
for controversy and several spectacular 
old battles receive an airing, with 
much detail of intellectual arguments 
and strategy and at least one allegation 
of foul play. The history of science in 
the making is clearly fraught with the 
same problems as those encountered 
in histories of the more distant past. 
As usual, the details of such accounts 
are of greatest interest to the partici- 
pants and those responsible for funding 
them, but it seems worth drawing 
attention to one issue of general signi- 
ficance. 

Major scientific journals exercise 
great power, and the forces of competi- 
tion tend to ensure that their editors 
exercise this responsibly in maintain- 
ing the quality of work accepted. How- 
ever, an incident which is discussed at 
some length raises the question whether 
editors are equally conscious of the 
responsibility incurred in rejecting a 
paper. Many will agree that the regret- 


J. A. Parsons 


table practice of anonymous rejection 
by the use of a supply of forms is too 
common; justice and the public interest 
seem to require that dismissal of any 
carefully presented paper should be 
based on equally serious scientific 
assessment. Not only may ill-considered 
rejection delay general awareness of 
work later recognised as important, 
perhaps by several years if authors are 
diffident; as illustrated by the incident 
discussed, still worse may ensue if the 
rejection is based on comments of a 
single carelessly-chosen reviewer, who 
has thus received privileged com- 
munication of the results (most 
dangerous of all if he is a competitor). 
Justice is usually done in the end—but 
at what cost? 

Quite apart from the human interest, 
the book is worth reading for its excel- 
lent science. For example, there are 
some of the clearest discussions one 
could wish of the (unfinished) list of 
frustrations encountered in trying to 
isolate the Corticotrophin Releasing 
Factor. There are also valuable insights 
into the role of the hypophysial portal 
circulation, presented notably by 
Bogdanove and Halász. Incidentally, 
although its relevance is not directly 
discussed, this evidence for highly 
directional transfer rather than simple 
diffusion of hypothalamic factors 
should surely lead to an armistice in 
the old battle over functional signifi- 
cance of the portal vessels. (The argu- 
ment is here pursued unremittingly by 
Lord Zuckerman himself, while 
Harris’ perceptions are ably defended 
by Dr Donovan.) 

In short, the editors are much to be 
congratulated for their enterprise and 
for showing clearly how much further 
excitement neuroendocrinology is likely 
to provide in the coming years. Perhaps 
we can look forward to another volume 
when such important issues are resolved 
as the structures of CRF, GRF and 
MIF, the role of prolactin in the 
origin and development of mammary 
tumours (interestingly discussed by 
Meites), and the probable physiological 
role of centrally acting peptides affect- 
ing memory and behaviour (excellently 
reviewed by de Wied). J 


J. A. Parsons is Head of the Laboratory 


for Endocrine Physiology and Pharma- 
cology at the National Institute for 
Medical Research, London, UK. 
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Planetary 
atmospheres 


Theory of Planetary Atmospheres: An 
Introduction to their Physics and 
Chemistry. By J. W. Chamberlain. Pp. 
330. (Academic: New York, San Fran- 
cisco and London, 1978.) £19.15. 





Ir is a brave person who considers 
writing a textbook on planetary atmos- 
pheres at this time when there are so 
many space missions to the planets 
rapidly advancing our knowledge of 
these bodies. One procedure is to con- 
centrate on basic processes and then use 
the current planetary observations to 
illustrate the mechanisms involved. 
Basically, this is the approach adopted 
by Professor Chamberlain whose valu- 
able textbook is primarily concerned 
with the physical and chemical proper- 
ties of planetary atmospheres. The 
author has made good of our effluent 
society, which in the past few years has 
produced detailed investigations of 
photochemical processes related to the 
potential climatic impact of variations 
in the Earth’s ozone layers. This has 
allowed the discussions to be placed on 
a moderately firm foundation before 
their application to the planets. 

The book covers approximately 300 
pages of text supplemented by some 
useful appendices. Each of the seven 
chapters has a valuable list of refer- 
ences, that may be used to extract 
more detailed analyses of the work pre- 
sented. In addition, there are problems 
at the end of chapters that make the 
text useful as a teaching aid for the 
rapidly increasing number of courses 
in planetary studies at universities 
throughout the world. 

The introductory chapter discusses 
the basic physical concepts and pro- 
vides the reader with a good back- 
ground to the vertical structure of the 
Earth's atmosphere, together with an 
indication of the differences of struc- 
tures of the other planetary atmos- 
pheres. I thought that the comments on 
p40 regarding the initial interpretation 
of the Pioneer 10/11 results for 
the structure of the upper atmos- 
phere were unnecessary. The problem 
first identified when reducing these 
measurements has been resolved. 
Furthermore, the Voyager observa- 
tions had now added further important 
information that indicates interesting 
structure in the upper Jovian atmos- 
phere which now means that part of 
Figure 1.19 is out of date. I had hoped 
that Professor Chamberlain would not 
have introduced the term “dust” on p38 
when discussing the ultraviolet absorb- 
ing layer created from photochemical 
products thought to reside above the 
visible clouds. This is an unfortunate 
term, misused for too long. 


The introduction to atmospheric 
motions is well presented, although 
some aspects of the planetary examples 
are a little sketchy. In particular the 
reader still would have no idea why 
Jupiter (and Saturn too) have cloud 
bands from the discussions presented 
here. With many aspects of the Jovian 
dynamics still to be resolved, it would 
probably have been better to have 
shown how spacecraft measurements 
that could help resolve the controver- 
sial issues that currently exist. 

The next two chapters are concerned 
with the chemistry and dynamics of the 
Earth’s stratosphere and planetary as- 
tronomy where the basic concepts of 
radiative transfer are discussed. Pro- 
fessor Chamberlain is well known for 
his work in these areas, and the work 
is well presented. I still maintain, from 
a personal viewpoint, that the classical 
Chandrasekhar approach to radiative 
transfer is not the easiest way to intro- 
duce the subject to the reader. How- 


Guide for 
Darwin scholars 


Charles Darwin: A Companion. By R. 
B. Freeman. Pp. 309. (Dawson: Folke- 
stone, UK; Archon Books/Shoe String 
Press: Hamden, Connecticut, 1979.) 
£12.50; $27.50. 


RICHARD FREEMAN is rightly held in 
high regard for his meticulous labours 
on the bibliography of Charles Dar- 
win’s writings. His equally significant 
work Charles Darwin: A Companion 
is likely to prove indispensible to Dar- 
win scholars. Interest in Darwin con- 
tinues to grow, as continued exposure 
on the media attests and the steady 
flow of learned publications sustains. 
Recent discoveries are deftly and eco- 
nomically incorporated with notable 
conciseness. 

There is a clear need for an enumer- 
ation of securely determined facts 
about Darwin: about his family from 
the sixteenth century record in Lin- 
colnshire to his grandchildren; about 
the servants, dogs and horses as well as 
those of their close friends; about the 
names and ever baffling nicknames of 
their ramifying and closely intermar- 
rying relatives; and about the Hookers, 
Huxleys, Henslows and Wedgwoods. 

The Companion is an alphabetical 
list of names; wives are listed under 
their maiden name with a cross refer- 
ence to their husband. All cross- 
references are cunningly devised to 
encourage wandering as should always 
be the case in a good work of reference. 
Quotations from Darwin enliven the 
identity and relevance of each name 
so that the book becomes a truly 
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ever, the references at the end of the 
chapter contain papers with other 
approaches, so the reader can decide 
this matter for himself. 

The remaining chapters are con- 
cerned with ionospheres, airglows and 
aeronomy and the stability of plane- 
tary atmospheres. This indicates the 
breath of the discussions which with a 
good mathematical description form 
the basis of a useful book. I personally 
consider this volume a valuable addi- 
tion to the subject. I sincerely hope, 
therefore, that the publishers will have 
the wisdom to produce an inexpensive 
paperback version so that students at- 
tending courses in this rapidly growing 
subject will be able to purchase a copy 
of their own. 

Garry E. Hunt 


Garry E. Hunt is Head of the Laboratory 
for Planetary Atmospheres, Department 
of Physics and Astronomy, University 
College, London, UK. 


fascinating anthology of quotations as 
well as a detailed guide to the formid- 
able bibliography. The forty-one pages 
of material devoted to Charles Darwin 
required 25 sub-headings listed on page 
71. The sub-headings are set in an 
insufficiently bold type and it would 
have been helpful to the reader to 
carry the sub-heading at the top of the 
relevant page. Particularly worthy of 
note are the “few quotations to give 
indications of CD’s character” (pages 
7i~2) which include new discoveries 
amongst old friends. In his introduc- 
tion Freeman quotes Darwin’s letter to 
Huxley from Ilkley in November 1859 
(LLii281): “The difficulty is to know 
what to trust.” when making a compi- 
lation from various sources. Richard 
Freeman, an accurate compiler with a 
discerning eye for the unusual, is 
sadly let down by careless transcrip- 
tions in the printed texts. Both Francis 
Darwin and his sister Henrietta placed 
unjustified faith in the transcriptions 
they published. Hence, we read instead 
of Moscheles as teacher of pianoforte 
to their mother the name Maschelas, 
and Henrietta transcribes the name of 
Darwin’s amanuensis and companion 
Syms Covington as Conington (Emma 
Darwin ii 19). It was a more recent 
misreading by a dealer in manuscript 
letters which resulted in the entry on 
page 167 for Hoskins an untraceable 
botanist. The original of this letter to 
Henslow has since come to light and 
reveals that CD wrote Hooker, indeed 
a botanist and in 1845 an unsuccessful 
candidate for the Chair of Botany at 
Edinburgh. 

Sydney Smith 


Sydney Smith is Emeritus Fellow of St 


Catharine’s College, Cambridge, UK. 
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Theory of 
conditioning 


Classical Conditioning and Operant 
Conditioning: A Response Pattern 
Analysis. By W. W. Henton and I. H. 
Iversen. Pp. 355, (Springer: New York, 
Heidelberg and Berlin, 1978.) DM 54; 
$29.70. 


THE argument of this book is that the 


phenomena of conditioning can best 
be understood by observing behaviour 
in all possible detail, and describing 
the effects of contingencies between 
stimuli, rewards and responses on 
everything the subject is doing. The 
authors build up an impressive, if 
partisan, case for this “response 
pattern” theory and for the “multiple 
response” experimental technique 
which it implies. Along with these 
latter, however, they bring us a 
metatheoretical commitment to a hard- 
line Skinnerism, according to which 
even the editorial policy of the Journal 
of the Experimental Analysis of Be- 
havior is dangerously revisionist. Any 
attempt to use behaviour as an index 
of an underlying state, physiological 
or mental, is consistently condemned 
as ‘““‘phrenology’’. 

This package of experimental 
method, theory and ideology is applied 
to five problems: classical conditioning 
against an instrumental baseline (con- 
ditioned suppression and its variants); 
concurrent operant performances; mul- 
tiple schedules of reinforcement; 
collateral (adjunctive) behaviours; and 
concurrent classical conditioning. In 
each area the authors produce original 
experimental ideas and have provoca- 
tive remarks to make about currently 
dominant theories, and they repeatedly 
show that if the attempt is made to 
record all an animal’s behaviour, regu- 
larities of response sequencing can be 
found to underly effects of reinforce- 
ment schedules that have mainly been 
analysed at a more molar level in the 
past. 

Although Henton and Iversen break 
away from recording a single “arbitrary 
operant’’ response, they still use arbit- 
rary subjects (rat, pigeon, monkey) in 
wholly artificial, stereotyped learning 
situations. But it is a little unfair to 
criticise them for faults they share 
with most of operant psychology. More 
seriously, they entirely ignore the regu- 
latory aspect of instrumental respond- 
ing, which must constrain the subject 
towards that “‘averaging over minutes, 
hours or days” which the authors con- 
demn. In fact they never ask them- 
selves either what the behaviour they 
observe so microscopically, or the con- 
ditioning they are trying to explain, 
might be for. I cannot help feeling that 
this blindspot, which greatly weakens 


the authors’ argument, is partly due to 
their ideological position. 

Minor niggles include the lack of an 
author index (exacerbated by having 
separate bibliographies for each chap- 
ter), a high misprint rate, a slightly 
petulant tone savouring of “Reply to 
Reviewer B” in places, and occasional 
lapses from English idiom, which, 
though never a threat to understanding 
and also forgivable from Iversen, ought 
to have been caught by his publisher 
or co-author. There are two serious 
omissions from the point of view of the 
reader’s convenience. First, the authors 
miss the opportunity to establish a con- 
sistent way of presenting multiresponse 
data. No book containing detailed ac- 
counts of 31 experiments can make 
easy reading, but repeated changes in 


Sensory 
integration 


Handbook of Behavioral Neurobiology. 
Vol. 1: Sensory Integration. Edited by 
R. B. Masterton. Pp. 579. (Plenum: 
New York and London, 1978.) £24.88. 





In the words of the publisher The 


Handbook of Behavioral Neurobiology 
will provide “a critical systematic 
enquiry into those aspects of neuro- 
science having the most direct and im- 
mediate bearing on overt behaviour.” 
The targets for this first volume are 
“practising neuroscientists looking for 
a concise and authoritative treatment 
of developments outside their particular 
specialisation, and students who need 
an overview of the persistent and 
current problems surrounding the rela- 
tion of the perceptual systems to 
behaviour’. The eighteen authors were 
asked to “sacrifice comprehensiveness 
for illumination”. Without exception 
they have complied with editorial 
pressure and in so doing have produced 
a surprisingly well integrated book 
which should achieve its aims. 

The ten chapters dealing with the 
individual sensory systems form the 
core of the book. Not surprisingly the 
visual system claims more space than 
any of the others, but it is closely 
followed by the vestibular and 
auditory systems. Olfaction, in some 
ways the most interesting of the senses, 
brings up the rear with less than half 
the space earned by the gustatory and 
somatosensory systems. The reader, be 
he a practising neuroscientist or a 
student, will probably first turn to one 
of these chapters; and he will not be 
disappointed. Without exception the 
authors have provided illumination and 
not always at the expense of com- 
prehensiveness. 
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diagram conventions make things 
harder than they need be. Secondly, 
we could have done with summary 
tables, for each chapter or the book as 
a whole, giving the main procedures 
and results of all the experiments. As 
it is, there isn’t even a concluding 
chapter to review and summarise the 
argument. Nevertheless, the book de- 
serves a welcome, partly for giving an 
integrated account of an extended re- 
search programme, but mainly as an 
empirical challenge to some widespread 
current generalisations about condi- 
tioning. 

S. E. G. Lea 


S. E. G. Lea is Lecturer in Psychology 
at the University of Exeter, UK. 


It would be a pity, however, if the 
first three integrating chapters escaped 
attention. Erickson who writes chapter 
three prefaces it with a quotation from 
Poincaré: “Science is built up with 
facts as a house is with stones. But a 
collection of facts is no more a science 
than a heap of stones is a house”. 
These first three chapters provide the 
reader with plans for a house. Erickson 
himself argues that our knowledge of 
sensory processes will be constrained 
“if we resist seeing beyond the idio- 
syncracies of each system”. He then 
moves towards a general theory of 
sensory neural function. In the second 
chapter, Cunningham and Murphy 
explore the ontogeny of sensory systems 
and ask whether their developing 
structure and function are wholly 
genetically determined. Despite the 
weight of the present evidence they 
think not, and predict that future work 
using anatomical and physiological 
techniques which can detect the sub- 
tleties of sensory perception will show 
that the contribution of nurture to 
sensory development is the rule rather 
than the exception. 

Finally the editor’s opening chapter 
surveys the evolutionary history of the 
six sensory systems. For each he pro- 
vides a useful common plan for all 
vertebrates and then briefly discusses 
any striking variations. He concludes 
each section with a discussion of the 
notable changes which have probably 
occurred in the evolution of the human 
sensory system in question. 

These three chapters provide a good 
introduction to a useful book which 
sets a high standard for those which are 
to follow. 

J. R. Symons 





J. R. Symons is Professor of Psychology 
at the University of Aberdeen, UK. 
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Vertebrate 
ovary 


The Vertebrate Ovary: Comparative 
Biology and Evolution. Edited by R. E. 
Jones. Pp. 853. (Plenum: New York 
and London, 1978.) £43.78. 


PUBLICATION of another volume (over 
800 pages) on the ovary highlights the 
expansion of research in this aspect of 
reproductive biology. Consisting of 24 
reviews by leading scientists predomin- 
antly from the USA the work is mostly 
comparative in nature. This is exempli- 
fied at the beginning and end of the 
book by chapters on the origin and 
segregation of primordial germ cells, in 
which the anuran germ line receives 
special attention, and on the evolution 
of the vertebrate ovary. Morphological 
differentiation of the ovary is also con- 
sidered from a comparative viewpoint, 
but biochemical and genetic factors 
that influence gonadal differentiation 
are treated only briefly. 

The follicle is reviewed extensively: 
its genesis, morphology and endocrine 
function; the hormonal control of its 
growth and maturation; and the pro- 
duction of follicular fluid. The non- 
atretic follicle is seen as developing in 
a predominantly oestrogenic micro- 
environment that influences follicular 
growth; processes that result in atresia, 
and the repercussion of this pheno- 
menon on ovarian function, are exam- 
ined separately. 

Understandably, formation of 
oogonia, maturation of the oocyte and 
ovulation receive much attention. Most 
contributors dealing with mechanistic 
aspects of ovarian physiology sum- 
marise their ideas in the form of 
hypothesis. This is seen in the descrip- 
tion of ovulation, and of oocyte 
maturation in amphibians, in which the 
elaborate biochemical events induced 
by steroids that lead to the formation 
of the meiotic spindle are examined. 
Work on this latter aspect contrasts 
with experiments in mammals which 
have focused rather on the maturation- 
inducing action of luteinising hormone 
and on how the resumption of meiosis 
is prevented by granulosa cells and fol- 
licular fluid inhibitor. 

Compared with its close contem- 
porary, The Ovary (edited by Lord 
Zuckerman and B. J. Weir; second 
edition; Academic: London and New 
York; three volumes; total price £77.70), 
it is inevitable that this new book con- 
tains chapters on similar topics. How- 
ever, interpretations by different 
experts frequently result in essays that 
are complementary rather than merely 
repetitious. Valuable additions include 
reviews of ovarian vasculature, with a 
description of techniques of blood flow 
measurement and of the effect of 


humoral agents, ovarian innervation, 
and the fascinating fields of follicular 
selection and vertebrate fecundity. Dis- 
cussion of the fate of the ruptured 
follicle is less satisfactory, as reference 
to the evolutionary significance of the 
corpus. luteum and the comparative 
aspects of its structure and function are 
found dispersed among several reviews. 
The lack of chapters on ovarian path- 
ology and the influence of external 
factors on ovarian function is attributed 
to the restrictions of space, but for a 
book of this quality the reproduction of 
photomicrographs deserves a_ better 
standard. 

A selected sentence from a paper 
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by Bern (1972) reflects the editor’s 
bias: “we comparative biologists have 
an aim-—the aim to reconstruct from 
extant species a picture of the evolu- 
tion of the system in which we are 
interested”. The picture proves com- 
plex, frequently displaying diversity 
rather than conformity. Nonetheless 
the book should prove valuable for 
the research scientist, clinician and 
teacher; and the nature of unanswered 
questions should stimulate enquiry. 

R. B. Heap 


R. B. Heap is Head of the Department 
of Physiology at the ARC Institute of 
Animal Physiology, Babraham, Cam- 
bridge, UK. 





Climatic impact 
on organic 
evolution 


Climate and Evolution. By Ronald 
Pearson. Pp. 274. (Academic: London, 
New York and San Francisco, 1979.) 
£14. 


THis is an ambitious work that must 
be taken seriously by anyone in- 
terested in palaeoclimatology and bio- 
stratigraphy. Such a study, in order to 
fulfil its title, requires a multi-disciplin- 
ary approach to a vast literature and 
is more than an ordinary mortal could 
achieve. Pearson, however, is mortal 
enough, so it is worth seeing where he 
succeeds and where the book falls 
short. 

The book is organised so that chap- 
ters 1-5 are general and 6-11 historical. 
The introduction concerns evolution 
only and is brief but to the point. 
Chapters 2, “A brief history of his- 
torical chimatology’’, and 3, “More 
recent knowledge of climatic change”, 
review the principal hypotheses for 
climatic change but primarily for 
changes evident in Quaternary history. 
This is to some extent balanced by 
chapter 5, “Long term considerations”, 
with chapter 4, “Geomagnetic con- 
siderations’, thrown in for good 
measure. The result is a very brief 
resume of the mechanisms for climatic 
change abstracted from many leading 
authorities in these fields. The remain- 
ing chapters are chronological: (6) 
Palaeozoic; (7) Mesozoic; (8) Tertiary; 
(9) Quaternary; (10) Late Weichselian 
and Flandrian; and (11) Climate and 
{human] history. A consolidated list of 
more than 750 references and a fairly 
good index, complete the book. 

The author’s own viewpoint is evi- 
dent in the balance of the work. His 
own publications listed concern Quater- 
nary Coleoptera; and the whole discus- 


sion is Quaternary-orientated, so that 
earlier and possibly more radical clima- 
tic and evolutionary changes are in- 
creasingly obscured through the mists 
of time. Precambrian history is ac- 
corded token mention and the first 
metazoan (Ediacaran) fauna (surely of 
prime significance in such a study) re- 
ceives only a passing reference without 
definite mention. In the same chapter 
discussion of climatic change on the 
megascale is minimal. For example, the 
role of atmospheric CO, is hardly dis- 
cussed and the possibility of the first 
half of the Earth’s history being clima- 
tically hotter than later because of this 
and other factors, is not considered. 
Inevitably too, the consideration of 
Pre-Quaternary history depends on 
more stratigraphical knowledge than is 
easy to acquire for the purposes of 
such a work. 

An alternative approach might have 
been more satisfactory, namely, to re- 
view organic evolution and first identify 
the developments that need explanation 
and then to compare climatic and other 
mechanisms in each case against a 
critical assessment of the chronolo- 
gical precision of the data brought to 
bear. And here is a difficulty: inevit- 
ably the many chronometric age esti- 
mates quoted tend to be taken at their 
numerical face value, and it would 
require much research to do otherwise. 

In conclusion, this work, except for 
parts of the Quaternary record, does 
not provide a critical assessment of the 
climatic impact on organic evolution 
but it does a most valuable service 
in bringing together and abstracting a 
variety of relevant literature and the 
wide range of ideas necessary as a pre- 


liminary. Most specialists will find 
something here to challenge their 
thinking. 


W. B. Harland 





W. B. Harland is Reader in Tectonic 
Geology at the University of Cambridge, 
UK. 
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New books from CAMBRIDGE 


Marine Production 
Mechanisms 
Edited by M. J. DUNBAR 


Effective control and conservation of food resources in 
the oceans of the world can only be achieved if the basic 
mechanisms which control the abundance, distribution 
and production of marine organisms are fully 
understood. This volume describes basic productivity 
studies and studies of ecosystem structure and trophic 
relations, carried out and presented by experts in 
various parts of the world. It will be a valuable source of 
reference for all those engaged in marine research in 
countries with exploitable marine resources. 


lnicrnational Biological Programme 20 


O521 21937 N £25.00 net 


A Perspective of 
Environmental Pollution 
M. W. HOLDGATE 


The subject of environmental pollution has aroused a 
great deal of interest and concern in recent years. This 
book is an attempt to give a balanced view of the effects 
of environmental pollution and to consider the factors 
that need to be taken into account when reviewing 
pollution control. The author concludes that pollution 
need not be a threat to the future of mankind, but that its 
prevention will be increasingly important nationally and 
internationally as the world population increases. A 
valuable book for students and professionals alike. 


Oo2i 221973 £15.00 net 


Radicals 


D. C. NONHEBEL, J. M. TEDDER and 
J.C. WALTON 

The aim of this book ts to give students a concise 
introduction to the chemistry of radicals, an important, 
but somewhat neglected branch of organic chemistry. 
The fundamental concepts of radical chemistry are 
discussed together with the principal types of reaction 
involving radicals. Emphasis is given to the role of 
radicals in organics synthesis. This textbook will 
interest students, research workers in chemistry and 
biochemistry, food scientists and industrial chemists. 
Cambridge Texts in Chemisty and Brochemisiiy 

0521 22004 1 Hard covers £14.00 net 
0521 29332 4 Paperback €5.50 net 


* + 

The Post-Darwinian 

~A + 
Controversies 
JAMES R. MOORE 
Victorian controversies between science and religion 
have been the subject of many scholarly studies, but no 
book has hitherto appeared which offers such an original 
interpretation of Protestant responses to Darwin after 
1870, viewing them in a transatlantic perspective and as 
a constitutive part of the history of post-Darwinian 
evolutionary thought. The detailed and scholarly 
treatment of this interesting topic will be invaluable to 
historians of science and theology and to social 
historians. 


0521 21989 2 £18.00 net 








What Little I Remember 
OTTO FRISCH 
A ; In this delightful autobiography 
Otto Frisch relates some of the 
most exciting developments of 
© modern physics, including the 
discovery of nuclear fission, 
a term he himself coined. His 
vivid description of those 
heady days which saw the 
birth of radioastronomy, the 
| 
| 
| 
| 







unravelling of the double helix 
and the making of the first 

atomic bomb creates the 

background for his pen 

portraits, enlivened by 
entertaining anecdotes, of the 
many great scientists he has met. His lively account will 
be enjoyed by everyone, scientists and general readers 
alike, with an interest in the history of modern physics. 
0 521 22297 4 
Forthcoming June 
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£9.50 net 


Paperback Edition 
Principles of Statistical 
Techniques 


Second Edition 

y 
P. G. MOORE 
This is a straightforward and practical introduction to 
statistics for students without any advanced knowledge 
of mathematics who wish to take up science or social 
studies and need to use statistical techniques. 


‘... Professor Moore's book is a good survey of the 
basics of statistical techniques, and as such it is to be 
recommended to students ... The style of writing is 

such that reading is easy, and the exercises provided will 
aid the teacher as well as the student. The book should 
prove useful to all who read it. The Statistician 
0521 29055 4 Paperback £4.50 net 
Still avatlable in hard covers 


Microbial Technology 


Current State, Future Prospects 

Edited by A. T. BULL, 

D.C. ELLWOOD and C. RATLEDGE 
This volume provides both an up-to-date account of the 
current state of microbial technology and an indication 
of future research prospects in this subject of growing 
industrial importance. The relevance of microbial 
technology will become increasingly apparent as 
traditional raw materials and energy sources become 
depleted. This book illustrates the interdisciplinary 
nature of microbial technology and refers to relevant 
developments in related areas which combine to make it 
an exciting prospect for the future and a field of 
tremendous industrial potential. 
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Society for General Microbiology Symposium 29 
0521 22500 0 £21.00 net 
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The Natural History 


of the Whale 
L. Harrison Matthews. “A fresh, well-written synthesis 
of studies of the whale from Aristotle to the present... 
Harrison Matthews has written a good whale book, 
which is a formidable accomplishment.”—Natural 
History Hius., $19.95 | 
To the Red Planet : PETRIPERM 
Eric Burgess. A veteran science correspondent offers $ a novel culture dish 
a fact-filled account of the 1976 Viking space expedi- ae wi ij able 
tion, covering everything from spacecraft, instrumenta- 3 with gas pennen 
tion and landing sites to the philosophical implications membrane as cehuiar 
of lite on Mars. Hus., $19.95 | support. 
Distinguished New Titles | Additional advantages of the PETRIPERM membrane are: 
from Universitetsforlaget: m UV permeable 200 nm 
a eee RT E Suitable for high power lightand fluorescence microscopy 
PT "T m The membrane can be cut for cell cloning, electron 
Arenigian and Lianvirnian microscopy, staining and documentation 
Conodonts from Jamtland, @ Chemically resistant to acids, bases and organic solvents 
Northern Sweden PETRIPERM is available either with a hydrophilic surface for 
, . optimal attachment, or with a hydrophobic surface for easy 
Anita Lofgren. Fossils and Strata Series #13 
ilus., $30.00 paper detachment of adherent cells. 
Third Soviet-Swedish ss aie cea 
i in the miaci anmai. ihe pr. and parhe 
Symposium on Pollution Pay yey pressure of both oxygen and CO: of the cell 
j eo k ATASS environment are under total biochemical and 
of the Baitic “| vy ee Sh diala acil control This state is not even 
Anders Akerblom, Editor, $18.00 paper / i approximated by available techniques of 
44 monolayer cell cultura in conventional ussue 
culture ware. Continuously changing gradients | | 


of these parameters in the mcro-en vironmme at 
of cultured cells will obscure the biologica | 
significance of culture. dependent phenomena 
PE TRIPERM is the prerequisne for the precise 
control ot pO. pCO. and pH i the cellular 
environment as gases reach the cultures? cells 
directly through the mahiy gas permeable °5 
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Mesozoic Palynology 
of Svalbard 
The Rhaetian of Hopen 


Tor Bjaerke and Svein B. Manum. tilus., $6.00 paper 
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The Oslo Paleorift 
A Review and Guide to 
Excursions 


Johannes A. Dons and Bjørn T. Larsen, Editors. 
Htus., $20.00 paper 


Heraeus— 
Coz-Incubator 

B 5060 EK/CO2 
We build the 
incubator with 
appropriate 

pCO:, pH and pO: - 
control units 


To order send check or money order to Dept. JN at the address 
below. Individuals must enciose payment, including $1.30 per 
order for postage and handling. institutions may request billing. 


~ pi COLUMBIA 


(W | PRESS 


Address inada orders: 
136 South Broadway, Irvington, New York 10533 
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Sir Edward Salisbury 


Stir Epwarp James Sauispury, CBE, 
FRS, who died on 10 November 1978 
at the age of 92, was one of the best 
known British botanists of his genera- 
tion. 

He was born on 16 April 1886 at 
Limbrick Hall, Hertfordshire, his 
father, J. Wright Salisbury, being a 
member of a distinguished family long 
resident in the area. He was educated 
at University College School and then 
at University College, London, which 
he entered as an undergraduate in 
1905, graduating with an honours 
degree in botany in 1908. He stayed on 
as a research student, from 1910 on- 
wards as Quain Student; moved to East 
London College in 1914 as senior lec- 
turer in botany, and returned to Uni- 
versity College as lecturer in 1918. In 
1924 he was made university reader in 
plant ecology, and succeeded F. W, 
Oliver as Quain Professor in 1929, re- 
taining this post until he was appointed 
director of the Royal Botanic Gardens, 
Kew, in 1943. He retired from the 
directorship in 1956 at the age of 70. 
He was elected Fellow of the Royal 
Society in 1933, was awarded its Royal 
Medal in 1945, and served as Biological 
Secretary from 1945 until 1955. He was 
made CBE in 1939 and was knighted 
in 1946. 

Salisbury showed an interest in 
plants at quite an early age. By his 
15th birthday, when one of his presents 
was a copy of Hooker’s Student's Flora, 
he had a garden plot in which wild 
plants he had collected were labelled 
with their Latin names, had formed a 
private herbarium and could identify 
most of the flowering plants of Hert- 
fordshire. He went to University Col- 
lege during an important period of 
change in attitude towards the scien- 
tific study of plants. 

The professor of botany was F. W. 
Oliver, and A. G. Tansley was a lec- 
turer on his staff from 1893 until his 
return to Cambridge in 1907. Both had 
been much influenced in their research 
and teaching by the striking advances 
in palaeobotany of the few previous 
decades. Just before the turn of the 
century, however, Oliver embarked on 
his studies of coastal vegetation and 
Tansley became deeply interested in 
the ‘ecological’ and physiological as- 
pects of plant geography as expounded 
by Warming and Schimper respectively. 
They had been increasingly dissatis- 


fied with the almost exclusive atten- 
tion to comparative morphology and 
anatomy which still characterized 
much botanical teaching and welcomed 
the ecological emphasis on the plant as 
a functional whole. 

Salisbury was immediately attracted 
by Oliver’s lectures and especially by his 
field excursions to the north Norfolk 
coast and elsewhere. After graduation 
he elected to work with Oliver and two 
joint papers appeared in 1913, one 
being a lengthy general account of the 
ecology of Blakeney Point. Meanwhile 
his ecological interests were extending 
to problems of inland vegetation and 
especially of woodlands, and his now 
classic studies of variations in the 
woodland light climate with season and 
with stage in the coppice-cycle, and 
their effects on the ground flora, soon 
attracted attention. He was already 
laying the foundations of his reputa- 
tion as a leading academic botanist, and 
his appointment to the Quain Chair in 
1924 greatly increased his influence. 

This was early exerted through the 
series of text-books written in collabor- 
ation with F. E. Fritsch. An Introduc- 
tion to the Study of Plants was pub- 
lished in 1914 by G. Bell & Sons and 
was immediately successful in encour- 
aging the consideration of plants as 
living and functioning wholes rather 
than as assemblages of organs, tissues 
and cells. The last of the famous 
‘Fritsch & Salisbury’ series was Plant 
Form and Function (1938). 

While still a research student Salis- 
bury was invited to join the British 
Vegetation Committee, set up in 1904 
to coordinate current work on the sur- 
vey and study of British vegetation 
and converted in 1913 into the British 
Ecological Society. Salisbury was a 
founder member of the Society and 
was invited to join its council and to 
become hon. secretary in 1915, an of- 
fice he held until 1931. He was elected 
president for the two years 1929-30. 

His presidential address, ‘The bio- 
logical equipment of species in relation 
to competition’ (1929), reveals very 
clearly how far British ecology, with 
its primary aim of understanding why 
plants of some species but not of others 
grow in a given area, had come to dif- 
fer from continental ecology with its 
largely floristic interest and its empha- 
sis on the description and classifi- 
cation of plant communities, Certainly 
Salisbury was relatively little interested 
in plant communities as such. His main 


concern throughout his life was with 
those features of individual plant 
species that were most relevant to sur- 
vival in a given environment and 
against given competitors, and in parti- 
cular those that could readily be 
assessed quantitatively. The best of his 
books—-The Reproductive Capacity of 
Plants (1942) and Weeds and Aliens 
(1961)—and large numbers of papers in 
scientific journals, examine the sur- 
vival-value of features of seed-produc- 
tion, or of vegetation multiplication 
and spread, in species of different habi- 
tats. They are packed with original 
data, especially of counts and weights 
of seeds produced by various species in 
various circumstances. Eleven of the 
fifteen papers published during the final 
ten years of his life are of this kind 
and the last of all, appearing in the 
year of his death at 92, included a 
table of estimated annual production 
of seeds by 49 different weed species 
‘based upon my own observations from 
random samples.’ 

It is relevant to reflect that Professor 
J. L. Harper’s important book, The 
Reproductive Biology of Plants, is in 
many ways a continuation of The Re- 
productive Capacity of Plants, with a 
successful elucidation of many points 
left unexplained by Salisbury but with 
a considerable widening of scope and a 
far greater emphasis on experimenta- 
tion. Characteristically, however, Salis- 
bury had perceived many of what were 
still the outstanding problems in 1977. 

Early in his career Salisbury became 
a member of the Royal Horticultural 
Society and was for many years a vice- 
president, He took great delight in gar- 
dening and after his marriage developed 
a notably attractive and botanically 
very interesting garden at his home 
Willow Pool, Radlett. The Living 
Garden, or The How and Why of Gar- 
den Life, a skilful popular exposition 
of the scientific basis of horticulture, 
appeared in 1945. It was immensely 
successful and led to the award of the 
Veitch Memorial Gold Medal of the 
RHS that same year, and he later re- 
ceived the society’s Victoria Medal of 
Honour. His appointment to Kew was 
a fitting climax to his career. 

Clear-headed, self-confident, deter- 
mined and articulate, Salisbury was very 
much a committee man and served 
on innumerable councils, committees, 
delegacies and visiting groups. He was 
governor of several colleges and 
research institutions and a successful 
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chairman of many important public 
bodies. He was short of stature, lively 
and friendly in manner, but perhaps 
rather too fond of indulging his delight 
in lengthy exposition. He was an able 
administrator. In the later stages of his 
career, however, he spent much time 
on his outside commitments. 

In 1917 Salisbury married Mabel 
Elwin-Coles, who died in 1956 after a 
long illness. There were no children. 

A. R. Clapham 


C. T. Rajagopal 


PrRoFESSOR Cadambathur Tiruvenkata- 
charya Rajagopal, a mathematician of 
considerable standing in India, and 
solely responsible for the survival in 
Madras of the Ramanujan Institute, 
died on 25 April 1978. Even more, 
perhaps, than his numerous original 
contributions to mathematics and its 
history (which were substantial by any 
standards), it is his devotion to the 
cause of mathematics in India and to 
the survival of the Institute (which he 
served in various capacities from 1951 
to 1971) which made him a unique 
figure in an important period of the 
history of Indian science, deserving to 
be remembered by future generations 
of Indian scientists. 

C. T. Rajagopal was born on 8 
September 1903. His father, Cadamba- 
thur Tiruvenkatacharya, was in the 
judicial service of the Madras Presi- 
dency (now Tamil Nadu). His early 
education was in Madras; he took his 
Master’s degree in the Madras Presi- 
dency College (where many of the most 
distinguished scientists of India, in- 
cluding Sir C. V. Raman, have been 
students). There he soon came under 
the influence of Professor K. Ananda 
Rau, himself a mathematician of great 
distinction, who had been G. H. 
Hardy’s student and Ramanujan’s 
contemporary in Cambridge. Ananda 
Rau is well known and remembered 
for his valuable contributions to the 
theory of Tauberian theorems, func- 
tion-theory and the theory of Dirichlet 
series; and his tastes and interests were 
decisive for the orientation of Rajago- 
pal’s future scientific career. 

After graduating from the Presi- 
dency College, Rajagopal joined the 
Madras Christian College as a 
lecturer. In 1951, T. Vijayaraghavan, 
on his appointment as director of the 
Ramanujan Institute, invited him to 
join its faculty; the story of Rajagopal 
coincides with that of the Institute for 
the following twenty-five years. 

The Ramanujan Institute was 
founded in 1951 as a private institution 


by the late Sir Alagappa Chettiar, a 
noted philanthropist of South India, as 
‘a small remembrance of a great man 
(Srinivasa) Ramanujan). Its first 
director, T. Vijayaraghavan, was 
perhaps the most talented among G. H. 
Hardy’s former students; he died at a 
comparatively early age in 1955; 
Rajagopal took over the directorship 
from him. Already at that time the 
financial status of the Institute seemed 
shaky, since Alagappa Chettiar’s fortune 
was melting away; T. Vijayaraghavan’s 
family was left unprovided for, and 
an appeal to the Prime Minister (the 
late Jawaharlal Nehru) had to be made 
in order to rescue them from utter 
poverty. 

In April 1957, when Alagappa 
Chettiar died, the fate of the Institute 
hung in the balance; Rajagopal wrote 
to one of us (S.C.) that the Institute 
‘will cease to exist on the first of next 
month,’ whereupon the addressee wrote 
to the Prime Minister, explaining the 
origin of the Institute and the serious- 
ness of its condition. Nehru’s prompt 
answer was refreshing: ‘Even if you had 
not put in your strong recommendation 
in favour of the Ramanujan Institute 
of Mathematics, I would not have 
liked anything to happen which put an 
end to it. Now that you have also 
written to me on this subject, I shall 
keep in touch with this matter and I 
think I can assure you that the In- 
stitute will be carried on.’ 

And it was; but haltingly and pre- 
cariously for the next twelve years. 
The responsibility for the Institute was 
divided between the U.G.C. (the 
federal University Grants Commission) 
and a reluctant University of Madras. 
There is no doubt that the Institute 
would not have survived had it not 
been for Rajagopal’s continuing year 
after year with an uncertain appoint- 
ment and often as the sole ‘permanent’ 
member of the Institute. In 1963 the 
future of the Institute and Rajagopal’s 
own means of survival were so much 
in doubt that he wrote us in the 
following terms: ‘In twenty-one years 
of service as a teacher (of which the 
first year was spent in Annamalai 
University and the rest in Madras 


Christian College), my salary rose from 


Rs.100 p.m. to about Rs.240 p.m. and 
earned for me a provident fund of 
nearly Rs.8,000. In the next twelve 
years of my service, in the Ramanujan 
Institute, my salary scale was Rs.500 
~ 50 — 800 until I was made a pro- 
fessor with effect from Ist March 1962 
on Rs.850 p.m. in the present Madras 
University scale of Rs.800 ~ 50 — 1,250. 
However, my service in the Institute 
has left me with no savings and no 
retirement benefits. Thus, after a pro- 
fessional life of thirty and odd years, 
I find myself without the means to live 
in complete independence. . .’. 
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But Rajagopal did continue to serve 
the Institute for the following six 
years, and at long last, in August 1967, 
the Ramanujan Institute was finally 
adopted by the University of Madras, 
and in July 1969 a new director was 
appointed. Its subsequent fortunes do 
not concern us here; but this left 
Rajagopal with no pension; not a single 
naya paisa (the new half-penny), as he 
himself wrote; the undersigned, singly 
or jointly, must have written dozens 
of letters to various authorities during 
the years 1963-1978 to secure for him 
a modest stipend of Rs.500 p.m. 

Despite such administrative and per- 
sonal worries and frustrations, and 
without ever an opportunity for visiting 
any centre of mathematics in Europe 
or the United States, Rajagopal 
maintained an unabated output of 
competent, worthwhile mathematical 
research, well appreciated by co- 
workers in his favourite fields, chiefly 
Tauberian theorems and entire 
functions. In the latter part of his life, 
he became actively interested in the 
history of medieval Indian math- 
ematics, to which he contributed 
a number of important papers, partly 
in collaboration with others; the last 


one, a joint article with M. S. 
Rangachari, appeared only a few weeks 
before Rajagopal’s death, in C. 


Truesdell’s well-known Archive for 
History of Exact Sciences, vol. 18, pp. 
89-102, 1978. There it is shown that a 
number of power-series expansions for 
trigonometric and inverse trigono- 
metric functions, discovered in the 
17th century by Gregory, Newton and 
Leibniz (and independently, about the 
same time, by the Japanese Seki), had 
been known to Kerala mathematicians 
more than a century before. 

Professor C. T. Rajagopal is survived 
by his wife, Mrs. Rukmini Rajagopal 
(now living in straitened circumstances, 
it must be pointed out, due to the lack 
of provision for a pension fund at the 
Ramanujan Institute). Tragically, 
Rajagopal’s death occurred just as a 
grant had been approved to support 
the continuation of his and M. S. 
Rangachari’s historical investigations, 
which were to appear eventually as a 
monograph on Kerala mathematics. 

India may well have produced math- 
ematicians of greater versatility and 
depth than C., T. Rajagopal, and will, 
one hopes, produce more such in the 
future; but none has served the cause 
of mathematics more selflessly nor 
with greater devotion. As both of us 
happen to have been personally as- 
sociated, for many years, with this 
modest and talented man, we find it 
fitting that his long years of service be 
placed on record. 


S. Chandrasekhar 
André Weil 
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APPOINTMENTS VACANT 





UNIVERSITY OF SYDNEY 
RESEARCH FELLOW IN 
FUSION PLASMA PHYSICS 


Applications are invited for a 
Postdoctoral position in fusion- 
orientated plasma physics. The ap- 


pointment will be for two years and 
is funded by NERDDC. The appointee 
will work with the research tokamak 
under construction in the School of 
Physics and will be mainly responsible 
for the operation and development of 
diagnostic techniques, particularly laser 
scattering. The group possesses high 
power ruby and CO, tasers and a 
multichannel digital data acquisition 
system. 

Salary will be in the range $A15,786 
to $20,737 per annum. It is desired 
to fill the position early in July 1979, 

Applications, including curriculum 
vitae, fist of publications and names 
of three referees by June 15, 1979 to 
Associate Professor J, Lehane, School 


of Physics, University of Sydney, 
NSW 2006, Australia, from whom 
further information available. 

9601 A} 





UNIVERSITY COLLEGE 
OF SWAZILAND 
Applications are invited for the post of 
LECTURER 
in the 
DEPARTMENT OF BIOLOGY 


Candidates should possess at least 
an M.Se. in Biology, although a 
Ph.D. would be des'rable. Strong pre- 
erence will be given to candidates 
who have had experience at the Uni- 
versity level. A broad background of 
preparation will be an advantage. The 
appointee will be required to conduct 
lectures and laboratory periods in 
Biology, presently in years } and 2 
of the B.Sc. course, Part I; and per- 
form standard duties in the day-to- 
day running of the Department's 
programme, Part iI studies are 
scheduled to begin in August 1980, 
with the introduction of six three- 
credit courses in third year Biology. 
followed by six more in the following 
year. Preparation for this extension of 
programme will be included in the 
duties pertaining ta the post. 

Salary scale: Lecturer I, E5,940 to 
E7,860 per annum (£1 sterling=L1.75), 
The British Government may supple- 
ment salary by £1,650 to £2,184 per 
annum (sterling) for married 
appointee or £408 to £960 per annum 
(sterling) for single appointee (re- 
viewed annually and normally free 
from tax) and provide children’s 
education allowances and holiday visit 
passages, Family passages; short-term 
contracts of 2-4 years; 25% gratuity 
in lieu of superannuation for first 2 
years and 274% for second 2 years; 


UNIVERSITY OF 
WESTERN AUSTRALIA 
Perth 
LECTURESHIP IN 
INORGANIC CHEMISTRY 


Applications ure invited for ap- 
pointment to the above position in 
the Department of Physical and 
Inorganic Chemistry, Preference will 
be given to applicants with experience 
in preparative and/or organometallic 


chemistry. 
The appointee will be expected to 
share in the teaching of general 


inorganic chemistry and of organo- 
metallic chemistry at the undergradu- 
ate level, to lecture in his field of 
specialisation at senior undergraduate 
and at postgraduate jeveis and to carry 
out research for which time and good 
facilities are available. 

The School of Chemistry occupies 
a well equipped building with machine, 
electronic and  gilass-blowing work- 
shops. A wide range of equipment for 
physical measurements is available, 
and the University has goed computing 
facilities, The staff of the Department 
of Physical and Inorganic Chemistry 
consists of fifteen members and there 
are 38 postgraduate and postdoctoral 
research workers. 

The current salary range for a 
Lecturer is: SATS,786 to $A20,737 per 
annum. Benefits include superann:- 
ation similar to F.S.S.U.. fares to Perth 
for appointee and dependents family, 


removal allowance, study leave and 
long service feave and housing loan 
scheme. 


Applications in duplicate stating full 
personal particulars, qualifications and 
experience should reach the Staffing 
Officer, University of Western Austra- 
tia, Nedlands, Western Australia, 
6009, by June 30, 1979, Candidates 
should reguest three referees to write 
immediately to the Staffing Officer. 

961{A} 





| 


PLANT BREEDING 
INSTITUTE 
Maris Lane, Trumpington, 
Cambridge CB2 2LQ 


SCIENTIFIC OFFICER/ 
HIGHER 
SCIENTIFIC OFFICER 
FORAGE, OIL AND POTATOES 
DEPARTMENT 


A pathologist is required in the 
Forage. Oils and Potatoes Department 
to work on diseases of oilseed rape. 
This work is to be carried out in 
close co-operation with the ailseed 
rape breeder, Dr K. F. Thompson, 
and would involve developing mature- 
plant and seedling tests for resistance 
to stem canker, Phoma lingam, and 
light leaf spot, Pyrenopeziza brassicae. 
The work on canker would necessitate 
searching for new sources of resist- 
ance, The officer would also under- 
take glasshouse screening tests for 
resistance to clubroot, Plasmodiopkora 
brassicae, and eventually possibly for 
Alternaria, Botrytis and Peronaspera. 
A knowledge and interest in generics 
would be useful as investigations on 
the inheritance of resistance to 
Phoma and Pyrenopeziza are planned, 


Candidates should have a Ist ar 
Upper 2nd Class Honours Degree 
specialising in Plant Pathology or 
equivalent; experience of  Brassicas 


would be of an advantage. 

The appointment will be as Higher 
Scientific Officer (£4,101 to £5,448 per 
annum} or Scientific Officer (£2,839 to 
£4,415 per annum) according to quali- 
fications and experience. At hast two 
years relevant postgraduate research 
experience is required for appointment 
aS Higher Scientific Officer. Non- 
contributory Pension Scheme. 

Applications with a curriculum vitae 
together with the names and addresses 
of three referees, quoting reference 
FOP.S3, should be sent to the Assistant 
Secretary (Establishment) by June 22. 
Further particulars are available on 
request. Q7TR(A) 


high calibre. 


Pathologists 


We wish to recruit additional Pathologists, 
male or female, into the Safety of Medicines 
Department to join a team of Pathologists 
concerned in the safety evaluation of new 
drugs. Either medical or veterinary graduates. 


The present Section of Pathology 
encompasses a full range of pathological 


within easy reach of a wide range of housing 
and main road and rail routes. Conditions of 
service, career opportunities, and assistance 
given to married persons in moving home 
are Gesigned to attract and retain staff of 


Please write giving details of qualifications and 


OIL EXPLORATION 
IN 
SOUTH AFRICA 


Soekor, the South African 


National Oil Exploration Company, 
requires experienced personnel to 
teams based 


join its exploration 
in Johannesburg. 


GEOLOGISTS 


Minimum qualification: B.Sc. 
(Honours) Geology. The ideal 
candidate would be an experi- 
enced Petroleum Geologist or 
Well-site Geologist 7 Mudlogger. 
Knowledge of sedimentology, 
Structural geology, basin evalua- 
tion, geophysics and geological 
log interpretation would be a 
strong recommendation, 


GEOPHYSICISTS 
Geophysicists of high calibre, 
Suitably qualified and experi- 
enced in the field of reflection 
seismic interpretation and with 
a substantial knowledge of 
Structural and sedimentary 
geology, are required, 


PALYNOLOGISTS 
Minimum qualifications: M.Sc. 
The work involves analysis of 
Samples, ranging from Tertiary 
to Upper Jurassic. Appropriate 
experience in miospores and/or 
dinoflagellates will be an advan- 
tage. The successful candidate 
will form part of a team of 
micropalacontologists. 
Competitive salaries-——negotiable. 
Benefits include assistance with 
travelling and  resetding costs, 
holiday bonus, home ownership 
through low interest loans, group 
pension, life assurance and a low 
cast medical aid scheme. 
Write, giving ful 
academic and experience details 
to; The Head, Personnel, Soekor, 
P.O. Box 3087, Johannesburg, 
2000 South Africa. 867(A) 


personal, 
















a ate Toi er ae $ pr nese techniques including electron microscopy, experience, or requesting an application form 
from other sources; various allow- histochemistry, autoradiography and tissue to:- Mr M, F. Losse, 
po aean O ene h culture. While experience in this field is Personnel Officer 

etai a a 5 Ç i W ta ` ‘ á ? 
curriculum vitae and naming 3 desirable, those without immediate n Imperial Chemical 
referees to be sent direct to Registrar, experience will be offered suitable training Industries Ltd. 





University College of Swaziland, 
Private Bag. Kwaluseni, Swaziland, by 
July 16, 1979, 





and encouraged to progress to higher 


Kficati Pharmaceuticals Division, 
qualifications. 


Mereside, Alderley Park, 







Apolicants resident in the UK. , 2 i 
should also send one copy to Inter- The Pharmaceuticals Division is very Nr Macclesfield, 
University Council, 90/91 Tottenham attractively si tad inr hij i 
Cone Réel Lesdce Wie DDT. actively situated in rural North Cheshire, Cheshire. B8R(A) 





Further details may be obtained from 
either address. 858(A} 
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Public Health Laboratory Service 


Centre for Applied Microbiology and 
Research, Porton Down, 
Salisbury, Wiltshire 


THE SPECIAL PATHOGENS REFERENCE LABORA- 
TORY has the following vacancies: 


Chief Medical 
Laboratory 
Scientific Officer 


Applications are invited for experienced virologists with 
expertise in tissue culture, serology, and animal work, Previous 
experience in handling viruses known to be pathogenic for 
man would be an advantage, 


The successful candidate will be expected to contribute to 
the research and development programme and to the routine 
work of the laboratory. He/she will be responsible to the 
Director of the laboratory and will be engaged in the following 
aspects of work. 


(a) Reference work 
(i) To assist with isolation and identification of viruses 
from acute samples submitted for diagnosis, particularly 
samples from suspected cases of Lassa/Marburg/Ebola 
fevers. 


(ii) To assist with serological investigations on convalescent 
sera, 


(b) Research and Epidemiology 
G) Research and Epidemiology of Haemorrhagic fever 
viruses, particularly Lassa, Marburg and Ebola. Other 
viruses to be investigated include Rift Valley Fever, 
Congo, Korean haemorrhage fever and certain 
arenaviruses, 


(ii) To produce high quality mono-specific immune sera for 


| 
Medical Laboratory 
Scientific Officer 


Applications are invited for experienced virologists with 
particular expertise ¢n tissue culture, immunofluorescent tech- 
niques, serology and experimental animal work. Previous 
experience in the handling of viruses known to be highly 
pathogenic for man would be an advantage. 


The successful candidate will be expected to contribute 
to the research and development programme and to the routine 
work of the laboratory. He/she will be responsible to the 
Director of the laboratory and will be engaged in the following 
aspects of work. 


I. To assist in routine diagnosis either through virus isolation 
and/or by serelogical methods of severe viral infections. 


2. To assist in the development of new and improved tech- 
niques for rapid diagnosis of viral infections. 


3. To produce reagents for use in regional 


laboratories, 


diagnostic 


4. To assist in research activities as directed by the Director 
and Deputy Director of the laboratory. 


N.H.S. terms and conditions of service, Applicants must be 
State Registered. 


Salary scales: Chief M.L.S.0., £5,472 to £6,192; M.L.S.0., 
£3,261 to £4,680. 


These posts may be 
0980-610391, ext, 326. 


discussed with Dr E. Brown, 


Applications, in writing, giving full details of experience, 


qualifications and the names and addresses 





of two referees to: Mrs M, Bushby 


Personnel Officer, C.A.MLR., 
979(A)} 


Public Health Laborator 
Service Board. 





y 


university of wales 


UNIVERSITY 
COLLEGE OF 
SWANSEA 


Senior Research Assistant 


Applications are invited from 
persons with or just completing a — 
Ph.D. for the post of Senior 
Research Assistant in the Depart- 
ment of Botany and Microbiology. . 
The suceessful applicant will work 
with Professor P. J. Syrett on the 
nitrogen assimilation of marine 


phytoplanktonic algae with finan- 
cial support from N.E.R.C. Appli- 
çants Should have experience and 


interests in biochemical cellular 
physiology. 

The appointment, which will 
date from October 1, 1979 and 
will be for one year in the first 
instance with the possibility of 
renewal for a further two years, 
will be on a scale up to £4,776 
per annum, plus U.S.S./U.8.D.P.5, 
benefits. 

Further particulars and applica- 
tion forms (two copies) may be 
obtained from the Personnel Offi- 
eer, University College of Swansea, 
Singleton Park, Swansea SA2 SPP, 
to whom they should be retruned 
by Friday, June 8, 1979. 876(A) 


UNIVERSITY OF THE 
WEST INDIES--JAMAICA 


Applications are invited for the post of 
LECTURER / 
ASSISTANT LECTURER 


in the 

DEPARTMENT OF ZOOLOGY 

Whilst applications are invited in 
any field of Zoology, preference may 
be given to a well qualified applicant 
with interests in ecology, 

Salary scale (under review): 
Lecturer, J$8,913 to J$13,917 per 
annum; Assistant Lecturer, J$7,236 to 
357,926 per annum  (£1=2J$3.60). 
Family passages; F.S.8.U.; Study and 
Travel Grant; Unfurnished accom- 
modation will be let by the University 
at a rental of 10% of salary, or a 
housing allowance of 20% of salary 
wll be paid. 

Detailed applications (three copies) 
with curriculum vitae and naming 
three referees should be sent as soon 
as possible to the Registrar, Uni- 
versity of the West Indies, Mona, 
Kingston 7, Jamaica. 

Applicants resident in the UK. 
should also send one copy to the 
Inter-University Council, 90-91 Totten- 
ham Court Road, London WIP ODT. 
Further details may be obtained from 
either address, BS59(A) 


LIVERPOOL POLYTECHNIC 
DEPARTMENT OF 
BIOLOGY 


S.R.C. RESEARCH 
TECHNICIAN 
Salary Scale: 
£2,511 to £2,967 plus £312 per annum 


To work for up to three years on 
the genetics and molecular biology of 
photosynthetic bacteria. 

Applicants should have or expect to 
obtain a degree/H.N.C, in a bio- 
logical subject including some experi- 
ence of microbial genetics. 

Further details may be obtained 
from Dr V. A. Saunders (Liverpool 
Polytechnic, Department of Biology, 
Byrom Street, Liverpool L3 3AF. 
Tel: 051-207 3581, Ext: 6) to whom 
applications, including a curriculum 
vitae and the names of referees; 
should be sent. _ 

Closing date: 14 days from the date 
of this publication. 

Please quote reference. LP/291. 

l i IIA) 





THE UNIVERSITY OF 
THE SOUTH PACIFIC 


Applications are invited for the post | 


SENIOR LECTURER/ 
LECTURER IN PHYSICS 
(Post 79/40) 


Applicants should have a doctora 
(or equivalent research experience) | 
Physics or a closely related disciplin 
as well as teaching experience, TT 
appointee will be required to col 
tribute to the teaching and develo) 
ment of undergraduate courses in pul 
and applied physics and in relate 
interdisciplinary areas such as so 
science. Current research interests i 
physics are environmental physics; t 
newable energy supplies; telecon 
munications and ionospheric physic 
and the appointee will be expected t 
pursue research in one of these area: 
Preference will be given to applicar 
with interests in either environment: 
physics or renewable energy supplie: 
but applicants in any of the abov 
fields will be considered. There ar 
opportunities for consultancy work i 
the University Region through th 
projects of the University's Institute 
of Natural Resources and Marin 
Resources. Applicants should be avai 
able by January 1980. 


Salary scales: Senior Lecture 
F$11,960 to F$14,135 per annum 
Lecturer, F$8,175 to F$11,563 pe 
annum,  (£1-°F$1.74.) The Britis 


Government may supplement salarie 
in range £1,842 to £2,796 per annur 
(sterling) for married appointees an 
£444 to £1,164 per annum (sterling 
for single appointees (reviewe 
annually and normally free from tax 
and provide children’s educatio! 
allowances and holiday visit passages 
Family passages; gratuity 18% o 
basic salary; superannuation; parti: 
furnished accommodation at maximun 
rental of 124% of salary (under re 
view); appointment allowance; contrac 
for 3 years and renewable by mutua 
agreement. 

Detailed applications (2 copies) wit! 
curriculum vitae and naming 3 re 
ferees to be sent direct to Registrar 
University of South Pacific, P.O. Bo: 
1168, Suva, Fiji, no later than Jun 
22, 1979. 

Applicants resident in the U.K 
should also send one copy to Inter 
University Council, 90/91 Tottenhar 
Court Road. London WIP ODT 
Further details may be obtained from 
either address. B25(A) 


UNIVERSITY OF NATAL 
DEPARTMENT OF GEOLOGY 
DURBAN 


Applications are invited from suit: 
ably qualified persons, regardless ol 
race or national origin for appoint 
ment to the post of 


LECTURER 
or 
SENIOR LECTURER 
in 
ENGINEERING GEOLOGY 


Salary in the range: 
Senior Lecturer: 
Rii 400 to R15 600 per annum 
Lecturer: 
R8 100 to R13 200 per annum 

In addition to teaching duties the 
person appointed will be expected to 
be active in, and to supervise, re- 
search. There will be considerable 
opportunities to reorganise and ctr 
ordinate existing courses in engineering 
geology. An interest in hydrogeology 
may be an advantage. 

The grade of appointment and 
commencing salary notch will depend 
on the qualifications and experience 
of the successful applicant. In ad- 
dition, an annual vacation savings 
bonus is payable, subject to Treasury 
regulations. 

Application forms, further particu- 
lars of the post and information on 
pension, medical aid, housing loan 
and subsidy schemes, long leave con- 
ditions and travelling expenses on 
first appointment are obtainable from 
the Registrar, University of Natal, 
King George Avenue, Durban, 
4001, with whom applications, on the 
prescribed form, must be lodged not 
later than July 30, 1979, quoting the 
reference Adv. 1233/79. 

i WIEIZS(A) 
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young people 





Research and 
Development 





Redland Technology is a member of Redland Limited, the multi-national group 
of Companies which is principally concerned with the manufacture of building and 
construction materials. 


Due to planned expansion, the New Technology and Product Development Centre 
at Horsham in Sussex has a number of immediate vacancies, as well as vacancies 
for additional staff to be appointed later in the year. 


We are looking for men or women to be appointed as Support staff to our 
Materials Technologists working in a number of different disciplines. These 
positions would suit either school leavers with good ‘O' or 'A’ levels in Physics 
or Chemistry, or candidates with some experience in industry 
and relevant qualifications, 


These jobs are interesting and varied; main duties will involve carrying 
out experimental work, testing and measuring under the control of a Materials 
Technologist. It is company policy to train support staff with a view to promotion 
to Technologist when the appropriate academic qualifications have been 
attained and, as such, suitable candidates will be offered day release courses to 
study. In addition, opportunities will arise to participate in both external 
and in-house training courses. 


The Centre is based in a country environment on the outskirts of Horsham where 
working conditions are good. 


Salaries are realistic and will depend initially on age and qualifications. 
Other benefits include a subsidised canteen, generous sick pay scheme, 
four weeks holiday a year and a Company bus service 
from Horsham. 


Please apply for an application form and further details of the vacancies either 
by writing to or telephoning: 


R. A. G. Poulton (Ref 7/79), Commercial and Personnel Manager, 
Redland Technology Limited, Graylands, Horsham, Sussex. Tel: Horsham 2351. 





edland Technology ma 
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Centre for Applied Microbiology & 
Research, Porton Down, Wilts. 
Pathogenic Microbes Research Laboratory 


Top Grade Microbiologist 
An experienced microbiologist is required in the 
above laboratory, which is concerned with research 
into mechanisms of microbial pathogenicity. A large 
proportion of the laboratory’s research effort is cur- 
rently directed to background studies for the develop- 
ment of an improved vaccine against Bordetella 
pertussis, Other programmes involve the antigenic 
changes related to growth conditions of bacteria, and 
studies of the mixed bacterial populations present in 
the mouth and the gut. 


The successful applicant will have extensive experi- 
ence in the study of pathogenic microbes, and a 
knowledge of one of the following fields would be 
particularly advantageous; continuous culture, bac- 
terial cell wall chemistry, adhesion of microbes to 
cell surfaces. 


Senior Grade 
Microbiologist 


The person appointed will carry out studies in con- 
tinuous culture of mixed bacterial populations derived 
from the mouth, gut and respiratory tract. A knowl- 
edge of the isolation and characterisation of organisms 
derived from these ecosystems would be an advan- 
tage. Applicants should possess a postgraduate qualifi- 
cation and the ability to conduct a research 
programme. 


Medical Laboratory 
Scientific Officer 


A young graduate or well qualified technician with 
experience in microbiology and/or biochemistry is 
required to assist in the study of the growth of 
pathogenic bacteria in continuous culture. 


Medical Laboratory 
Scientific Officer 


A research technician, having a degree or H.N.C., 
is required to join a group working on antimicrobial 
defence mechanisms. Applicants should have had 
training and experience in immunology, microbiology 
or microbial biochemistry, together with experience 
of immunological techniques, particularly those rel- 
evant to cellular studies. 


Salary Scales: Top Grade Microbiologist £8,877 to 
£10,347. 
Senior Grade Microbiologist £5,451 to 
£6,837. 
Medical Laboratory Scientific Officer 
£3,261 to £4,680. 
N.H.S. terms and conditions of service will apply. 
Further details of the posts can be obtained from 
Professor D. O. Ellwood or Dr A. Baskerville, tele- 
phone Idmiston 610391. 


Applications including curriculum vitae and the 
names and addresses of the referees should be sent 
to Mrs M. Bushby, Personnel Officer, 
CAMR, Porton Down, Salisbury, Wilts. 
Closing date for applications June 14, 
1979, 912(A) 





Service Board. 








Public Health Laboratory 


THE UNIVERSITY 
OF LEEDS 
DEPARTMENT OF 
METALLURGY 


Applications are invited 
for a post of 


EXPERIMENTAL 
OFFICER 
to work in 
ELECTRON MICROSCOPY 


to take overall responsibility for 
the electron optical facties in 
the Department of Metallurgy. 
These facilities comprise three 
transmission microscopes, a scan- 
ning microscope with microanalyti- 
cal attachment, and a photo- 
emission electron microscope. The 
post involves supervision of the 
, maintenance of the instruments, 
training of operators, and develop- 
ment of the techniques in their 
application to Materials Science. 
Applicants should have graduate 
or equivalent qualifications and 
should have had considerable 
practical experience in electron 
microscopy. it is hoped to make 
an appointment with effect from 
October I, 1979. 

Salary at an appropriate point 
on the IB scale for Other Related 
Staff (£3,775 to £6,355 per annum) 
(under review with effect from 
October 1, 1979), according to 
age, qualifications and experience. 

Application forms and further 
particulars may be obtained from 
the Registrar, The University, 
Leeds LS2 9JT, quoting reference 
number 70/3/D. Closing date for 
applications: June 21, 1979. 
B93(A) 





UNIVERSITY COLLEGE 
CARDIFF 


Applications are invited for the post 


RESEARCH ASSISTANT 


in Neurobiology in the DEPART- 
MENT OF ZOOLOGY. Applicants 
should hold or expect to obtain this 
year a first or upper second class 
honours degree and will work with Dr 
R. S. Pickard on a project, funded 
by an S.R.C. grant, concerned with 
the anatomy and electrophysiology of 
the honeybee brain. The successful 
applicant will be encouraged to 
register for a higher degree subject to 
normal University regulations. Salary: 
£3,689 per annum. Duties to com- 
mence September 1979. 

Applications (2 copies), together 
with the names and addresses of two 
referees, should be forwarded to the 
Vice-Principal (Administration) and 
Registrar, University College, P.O. 
Box 78, Cardiff CFI IXL, from whom 
further particulars are available. 
Closing date July 1, 1979. Reference 
1797. 946(A) 





BIRKBECK COLLEGE 


(University of London) 


Application invited for RESEARCH 
ASSISTANT (Chemistry) on S.R.C. 
-project involving the application of 
Extended X-ray Absorption Fine 
Structure Spectroscopy (EXAFS) to 
anti-cancer drugs, antiinflammatory 
drugs and protein complexes, using the 
Synchrotron Radiation Facilities at 
Daresbury and Hamburg. Data 
analysis will be on an interactive 
computer graphics system at Birkbeck, 
linked directly with the IBM 370/165 
computer at Daresbury. 

Appointment for up to three years 
from October 1, 1979; starting salary 
£5,412 per annum (including London 
Weighting). May suit postdoctoral 
physicist or physical chemist with an 
interest in biomedical problems. Ap- 
plications (curriculum vitae and the 
names of two referees) should be sent 
to Dr P. J. Sadler, Chemistry Depart- 
ment, Birkbeck College, Malet Street, 
London, WCIE 7HX (Tel: 01-580-6622, 
ext. 262 or 326), from whom further 
details are available. 941(A)} 
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UNIVERSITY OF EXETER 
DEPARTMENT OF 
BIOLOGICAL SCIENCES 
(N.E.R.C. Research Project) 
POSTDOCTORAL 
RESEARCH ASSISTANT 
and 
TECHNICIAN (Grade 3) 
Applications are invited for the 
posts of PDRA and Technician to in- 
vestigate the effects of soi animals on 
microbial populations and nutrient 
cycling processes under the direction 

of Dr J. M. Anderson. 

The PDRA post will be in the salary 
range £4,232 to £4.776 pa. Applicants 
should have experience in soil misro- 
biology and/or biochemistry. 

The technician (salary range £2,971 
to £3,336 p.a.) will be responsible for 
chemical analysis and support of the 
above position. 

Both appointments will be for one 
year in the first instance, with the 
possibility of renewal for a further 
two years, commencing October I 
1979. 

Applications, stating the names of 
two referees, fo Dr J. M. Anderson, 
Department of Biological Selences, 
Hatherly Laboratory, Prince of Wales 
Road, Exeter, from whom further par- 
ticulars may be obtained. Closing date 
for receipt of applications June 72, 
1979. 953A) 





UNIVERSITY OF 
CAMBRIDGE 


DEPARTMENT OF 
CLINICAL BIOCHEMISTRY 


Applications are invited for a 


UNIVERSITY LECTURESHIP 
(Non-clinical) 


in the Department of Clinical Bio- 
chemistry at Addenbrooke’s Hospital, 
Cambridge. HH is hoped to appoint a 
person whose main interest is in im- 
munological aspects of cell membrane 
structure, function and pathology. 

The appointment will be for three 
years with the possibility of reappoint- 
ment to the retiring age. 

The pensionable scale of stipends for 
a University Lecturer, not ordinarily 
resident in College, is £5,850 a year 
rising by twelve annual increments to 
9.000. There is no grade of Senior 
Lecturer, 

Further information about the duties 
and conditions of the appointment may 
he obtained from Mr J. F. Howe, 
Clinical School Office, Addenbrooke's 
Hospital. Hills Road. Cambridge CB2 
200. to whom applications (fifteen 
copies) together with the names of 
three referees, should be sent so as 
to reach him not later than June 25, 
1979, OTALA) 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENTS OF 


ORGANIC CHEMISTRY 
AND MICROBIOLOGY 
RESEARCH ASSOCIATE 
Applications are invited for é 
Medical Research Council sponsorec 
post involving a chemotaxcnomic 
study of clinically-significant micro: 
aerophilic actinomycetes and relatec 
bacteria in collaboration with Dr M 
Goodfellow and Dr D E Minnikin 
Candidates should have completed i 
Ph.D. or have equivalent researc 
experience and preferably have exper 
tise in lipid analyses and chromatogra 
phic techniques. The appointment wil 
be for three years af a commiencen} 
salary of £4,382. 
Applications, including curriculun 
vitae and names of two referees 
should be sent by June 15, 1979 te 
Dr D. E. Minnikin, Department oO 
Organic Chemistry, University O 
Newcastle upon Tyne, Newcastle upo 
Tyne NEI TRU. 877(A) 
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AHMADU BELLO 
UNIVERSITY 
ZARIA, NIGERIA 
FACULTY OF MEDICINE 


Vacancies exist at various levels 


FROM PROFESSOR TO 
LECTURERS 


in the following departments: Radio- 
logy, Chemical Pathology, Immunology 
(in Medicine), Anaesthesia, Anatomy. 
Medicine (Neurology, Endocrinology), 
Pathology (Morbid Anatomy), Paedia- 
trics, Surgery, Physiology. 

SALARIES: Professor, G.L. 16, 
N11,568 to N42,720; Senior Lecturer, 
G.L.13, N8,064 to NO Q24, Lecturer 1, 
G.L.12, N7,404 to N8,052: Lecturer 
ll, G.L.10, N5,760 to N6.732. (Niz 
approximately 0.97p.) 

CONDITIONS OF SERVICE : 
Appointments are elther pensionable 
(for Nigerians only) er on contract of 
two years in the first instance. Fringe 
benefits include part-furnished accom- 
modation, or housing allowance in lieu 
af accommodation, and a 25 per cent 
Contract Addition is payable to all 


expatriates, 
METHOD OF APPLICATION : 
Candidates should send 4 copies of 


their curriculum vitae to the Principal 
Assistant Secretary (Recruitment), 
D001 /606 Nigerian Universities Office, 
180 Tottenham Court Road, London 
WIP SLE, as soon as possible, prefer- 
ably in time fo arrange interviews at 
the end of May. The curriculum vitae 
should give the following information: 
Post desired. full name, date and place 
of birth, nationality, permanent 
address, telephone number, if any, 
current postal address and telephone 
number, if applicable, marital status, 
number and ages of children, educa- 
tional institutions attended with dates, 
full qualifications plus copies of 
certificates, previous employment with 
dates, present employment with dates 
and salary, list of publications, names 
and addresses of three distinguished 
scholars in relevant field as referees, 
two passport photographs of — self. 
Candidates are advised to request their 
referees to forward references on therm 
directly to the Londen Office. 
RÄUA) 
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ICUNIVERSITY OF 
LEICESTER JOINT 
LABORATORY IN 

MOLECULAR GENETICS 


The above laboratory has vacancies 


for postdoctoral molecular biologists 
to work on the expression of 
eukaryotic genes in bacteria. Ap- 
plicants with experience relevant {6 
the cloning of copy DNAs, such as 
the purification and transiation of 


messenger RNAS or appropriate bio- 


chemistry, will be favoured, 
Appointments will be for two 
years in the first instance, renewable 


with salaries on 


for up to five years, 
to £7,145 (under 


the scale of £4,232 


review), 

Applicants should send a detailed 
curriculum vitae and names af two 
referees to Professor W. J. Brarmmiar, 
Department of Biochemistry, Univer- 
sity of Leicester, Leicester LEI TRH, 
from whom further details ar be 
obtained. RIRA) 


MAC MILLAN 


EDUCATION 
SENIOR EDITOR, SCIENCE 


Macmillan Education is a rapidiy 
expanding Company within the Mac- 
milan Group. The Publisher for the 
U.K. Secondary School Division is 
look'ng for a Senior Editor to run the 
Secondary School Science Programme. 

The successful applicant will ideally 
have a science degree and commission- 
ing experince <in educational pub- 
lishing. He/she will be enthusiastic 
and possess initistive and a sound 
business acumen. 

The job will be based at aur Basing- 
stoke offices and offers a campetitive 
salary and Company Car. 

Please write, with full career details 
including present salary to: 

Tony Feldman, Publisher, Macmillan 
Education Limited, 4 Littl Essex 
Street, London WC2R JLF. 958(A) 





| 


THE 
QUEEN’S UNIVERSITY 
OF BELFAST 
RESEARCH ASSISTANT 
DEPARTMENT OF 
MICROBIOLOGY 


& IMMUNOBIOLOGY 


Applicants for this post should 
preferably have a first or upper 
second class honours degree in 
microbiology or a related science. 
Experience in the immunology of 
viruses and the use of tracer 
methods or in the physiology of 
anaerobic bacteria would be 
advantageous as research in these 
two ficids are main interests in the 
department. The post is tenable 
for one year but may be renewable 
annually for a further five years. 
Salary scale (under review) £3,384 
to £4,884 pr annum with con 
tributory pension rights under 
USS. 
the 


Curriculum vitae, 


giving 
names ami addresses of two ref- 


sent to the 
The Queen's 


erees, should be 
Personnel Officer, 
University of Belfast, BT7 INN, 
Northern freland. Closing date: 
June 18, 1979. Please quote ref- 
erence 79/N, B9R(A) 





UNIVERSITY COLLEGE 
CARDIFF 


greeneatens are invited for the post 
o 
RESEARCH ASSISTANT 

in the DEPARTMENT of ZOOLOGY. 
The post is supported by the NERC., 
to work on a project entitled Intra- 
speciic Mechanisms of Population 
Regulation in the Pine Aphid, Cinara 
pinea (Mordyv.), with particular ref 
erence to the Role of Flight Be- 
haviour’. Applicants should possess 
or expect to obtain a good Honours 
degree in Zoology or related discipline 
and will be encouraged or register for 
a higher degree. The post is tenable 
for three years from August 1, 1979, 
Salary range: £3,689 to £4,232 per 
annum. 

Applications (2 copies), together with 
the names and addresses of iwo ref- 
erees, Should be forwarded to the Vice- 
Principal (Administration) and Regis- 
trar, Liniversity College, P.O. Box 78, 
Cardiff CFI 1XL, from whom further 
particulars are available. Closing date 


June 21, 1979, Reference 1792. 
GASA} 
COMMONWEALTH 


AGRICULTURAL BUREAUX 
Vacancy for 
SCIENTIFIC INFORMATION 
OFFICER 
at the 
COMMONWEALTH 
INSTITUTE OF 
HELMINTHOLOGY 
The White House 


103 St Peters Street 
St Albans, Herts, England ALI JEW 


Duties: Scientific Informaton Officer 
required in the Commonwealth In- 
stitute of Helminthology at St Albans 
to work on Protozoclogical Abstracts. 

Qualifications: Essential qual fications 
are a degree in biology, several years 
postgraduate experience working on 
parasitic protozoa, a knowledge of at 
least one foreign language. th: ah lis 
to write clear and concise English and 
an interest in bibliographical work. 

Salary: The salary in the scale £2,839 
to £5.448 (under review) plus Outer 
Tondon Weighting and a commensatory 
abowance to offset personal contri- 
button to superannuation. 

Application forms and full particu- 
lars from: 

Executive Director. 

Commonwealth Agricultural 
Bureaux, 

Farnham House, 

Farnham Royal, 

Slough SLZ JBN. 

Closing date for applications: Fune 
30, 1979. TEA) 


NEW ZEALAND 
Scientist 


HEAD OFFICE 
‘Department of Labour 


DUTIES 


To advise the Factory and Dangerous Goods and Explosives 
Inspectorates on all matters relating to chemical and other 
occupational health hazards and safety in industry, especially 

the hazards of dusts, liquids and gases (toxicity, explosibility 

and flammability) and other dangerous goods. The appointee will 
head a team of scientists. He or she will be required to travel 
within New Zealand to investigate accidents, incidents and 


problems. 


The appointee will be expected to maintain close liaison with 
other Government departments and organisations to ensure a 
co-ordinated and informed approach to problems. Such liaison 
will extend to overseas organisations when necessary. The 
appointee must be capable of keeping up to date with world 
trends in relevant subjects and to research specific matters in 
depth. The appointee will be required to assist in preparing 
discussion drafts of new and revised legislation and Codes of 
Practice, and must have the ability to explain technical matters 
to non-technical persons on an individual or group basis. Some 


lecturing to staff will be required. 


QUALIFICATIONS 


The position would particularly suit a chemical engineer or 
industrial chemist with a degree in one of these disciplines. 
Applicants with qualifications in other appropriate disciplines 
will be considered. Practical industry experience is highly 


desirable. 


SALARY 


The salary payable will be up to §NZ18,377 per annum plus a 
General Wage Order Adjustment of $NZ365.00 per annum. 


Interviews will be conducted during the first week of July by an 
officer from the Department of Labour in New Zealand. 


Successful applicants will receive assistance with fares and 
transfer of personal baggage to New Zealand. 


Full details and application forms can be obtained by writing to: 


The Chief Migration Officer, 


New Zealand High Commission, 


New Zealand House, 


Haymarket, London SW1Y 4TQ 
Quote reference IMM 1/14/1, in your enquiry. 


Closing date for applications is June 18, 1979. 


UNIVERSITY OF 
LEICESTER 
DEPARTMENT OF ZOOLOGY 


RESEARCH 
DEMONSTRATORSHIP 
Applications are invited for a 


Research Demonstratorship tenable for 
three years commencing October I, 
1979. Candidates should have a good 


honours degree in Zoology or 
Biological Sciences, and a definite 
interest in carrying out research in 


the fields of Fish Behaviour or Cell 
Biology. The successful applicant will 
be required to register for full-time 
postgraduate studies towards the 
degree of Ph.D. in either of the above 
fields, and will be required to assist 
with demonstrating and tutorial work 
in the department for a maximum of 
10 hours per week during term time. 

Salary within the range £3,804 to 
£3,689 to £3,961 with superannuation 
benefits. 

Applications with the names of two 
academic referees should be sent as 
scon as possible to Professor H. C, 
Macgregor, Department of Zoology, 
University of Leicester, Leicester LE! 
TRH. 97(A) 


920(A) 


ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts. ALS 23Q 

SCIENTIFIC OFFICER 
required in the Nematology Depart- 


ment to join a group working on the 
taxonomy and pathotypes of agricul- 


turally important cyst-nematodes and 
their relatives, using morphological 
observation by light and scanning 


electron microscopy supplemented by 


experimental studies of  host-range, 
hybrid’sation and other aspects of 
biology. Interest in taxonomy an 
advantage. 

Qualification: Honours degree or 
equivalent in Biology, Zoology or 


Agricultural Zoology, or an ordinary 
degree with relevant experience. 
Appointment in grade of Scientific 
Officer, salary scale £2,839 to £4.¢ 
(Pay Award pending), Point of entry 
depending on qualifications and ex- 


perience. Non-contributory superanni- 
ation. 
Apply in writing to the Secretary, 


viving names and addresses of two 

referees and quoting Ref. 398 by June 

14, 1979. Further details on request. 
964(A)} 


CSIRO 


AUSTRALIA 


Postdoctoral 
Research Fellow 


Fuel Geoscience Unit 
Canberra Act 


CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 7,000 
employees—2,400 of whom are research and professional scientists 
--located in Divisions and Sections throughout Australia. 

Field: PETROLEUM GEOBIOLOGY 

General: The Fuel Geoscience Unit conducts research relevant 
to exploration for fossil fuels—coal, petroleum, natural gas and oil 
shale-—-and to their assessment and extraction. The Baas Becking 
Geobiological Laboratory in Canberra is supported jointly by CSIRO, 
the Bureau of Mineral Resources and the Australian Mineral 
Industries Research Association, and is well equipped for the 
microbiological studies envisaged. The project is expected to be of 
three years’ duration (subject to continuation of support) and the 
successful applicant will work with the existing group at the Baas 


Becking Laboratory in Canberra. 


Duties: Initiate and carry out a research programme, in 
coordination with existing projects, to develop surfactants and 
viscosifiers by microbial processes under conditions relevant to 
natural petroleum reservoirs. The aim of the work is to enhance the 
economically recoverable proportion of petroleum from certain 


Australian petroleum occurrences. 


Qualifications: A PhD degree or equivalent qualification 
supported by evidence of research capacity. Experience in 
muitidisciplinary projects would be an advantage. 

Salary: Research Scientist/Senior Research Scientist $A15,422— 


$A22,405 pa. 


Tenure: The position is available for 12 months initially with the 


possibility of extension(s). 


Applications IN DUPLICATE, stating full personal and 
professional details, the names and addresses of at least two 
professional referees, and QUOTING REFERENCE NUMBER 
604/162 should reach The Personnel Officer, Australian Scientific 
Liaison Office, Canberra House, 10-16 Maltravers Street, London 


WC2R 3EH, by 23rd June, 1979. 


Applications in U.S.A. and Canada should be sent to The 
Counsellor Scientific, Embassy of Australia, 1601 Massachusetts 
Avenue, N.W., Washington, D.C., 20036, U.S.A. 


UNIVERSITY OF 
BIRMINGHAM 
DEPARTMENT OF 

GEOGRAPHY 

TWO RESEARCH 

ASSOCIATES 

S.S.R.C. Funded Project on 

Moorland Change and Upland 
Management in U.K. 
National Parks 

Applications are invited for two 
graduate research associates to work 
with Dr M. L. Parry on the airphoto- 
mapping and computcr-assisted analysis 
of moorland change. The appoint- 
ments require experience in the use 
of either aerial photographs or com- 
puters in geographical or allied 
research, 

Appointment will be from October 
1, 1979 for two years in the salary 
range £3,775 to £8,488 per annum, 
plus superannuation. Maximum start- 
ing salary will not exceed £4,333. 

Further particulars are available 
from the Assistant Registrar, Science 
and Engineering, University of Bir- 
mingham, P.O. Box 363. Birminubam 
BIS ZTT, to whom applications (three 
copies) including full curriculum vitae 
and naming three referees, should be 
sent by Friday, June 8, 1979. 

Please quote reference NH7. 

924(A) 


917(A) 


UNIVERSITY OF SYDNEY 
LECTURESHIP IN 
MICROBIOLOGY 


Candidates should have knowledge 
of basic microbiology. A higher 
degree or equivalent with teaching 
and research experience given pre- 
ference. Administrative and industrial 
experience also taken into considera- 
tion. 

Department’s facilities are adequate 
for most fields of microbiology re- 
search, except animal virology. Present 
research programmes include aspects 
of cytophysiology, ecology, genetics, 
serology and biological nitrogen 
fixation. 

Appointment to 
1980 

The position is expected to be filled 


commence early 


by a probationary appointment of 
three years, capable of leading to 
tenure, but if all the University's 


requirements for tenure are deemed 
to be satisfactorily met, tenure may 
be granted at the time of appointment. 

Salary Range: $AI5,786 to £20,737 
per annum. 

Applications including curriculum 
vitae, list of publications and names 
of three referees by June 15, 1979 to 
the Registrar, University of Sydney, 
NSW 2006, Australia, from whom 
further information availuble.  Infor- 
mation also available from Association 
of Commonwealth Universities 
(Appts.), 36 Gordon Square, London 
WCIH OPF. 962(A) 


hini 


SHEFFIELD CITY 
POLYTECHNIC 
DEPARTMENT OF 

BIOLOGICAL SCIENCES 
RESEARCH ASSOCIATE 
IN BIOLOGICAL 
SCIENCES 
Salary Scale: 
£4,101 to £6,558 per annum 

This is one of two posts af 
Research Associate created in the 
Polytechnic to provide leadership 
and direction of research in speci- 
fic areas. The research activities 
of the Department are concentrated 
mainly in the areas of Microbial 
Animal Physiology 


Biochemistry, 
and Biochemistry. 
Applicants must be well qualified 


and experienced in one of the 
above areas and have previous 
experience of research supervision. 
Recent industrial experience would 
be advantageous. 

The appointment is for a fixed 
period of three years. 

Requests for an application 
form, in writing only please, to 
the Recruitment Section of the 
Personnel Department, Sheffield 
City Polytechnic, (Dept. N}, 
Halfords House, Fitzalan Square, 
Sheffield SI 2BB. Completed forms 
should be returned by dune B, 
1979. 921(A) 





FACULTY OF MEDICINE 
DEPARTMENT OF MEDICINE 
AHMADU BELLO 
UNIVERSITY 
ZARIA 
R/APP/108/23/VolL H 
Applications are invited for the post of 
SENIOR LECTURER 
din Clinical Immunology) 


and 
LECTURER 
(in Clinical Immunology) 

For the post of SENIOR 
LECTURER candidates must be 
medically qualified, have 10 years’ 
postgraduale experience and hold a 


recognised higher degree in medicine. 
Some previous experience in clinical 
immunology is required, Both medi- 
cally qualified and science graduates 
will be considered for the post of 
LECTURER. Medically qualified 
graduates must hold a recognised 
higher degree in medicine but previous 
experience in immunology is not 
essential. Non-Medical qualified can- 
didates must hold a higher degree 
and have had considerable experience 
in immunology. Successful can- 
didates will be expected to help 
in the teaching of immunology 
to undergraduates and postgraduates 
und to assist in the running of a 
clinical immunolowy service for the 
Ahmadu Bello University group of 
hospitals. There are excellent facilities 
for research in a well-equipped im- 
munology laboratory. The current re- 
search nrogramme of the laboratory. 
which is supported hy the United 
Kingdom Medical Research Council, is 
concerned with immunology aspects 
of some of the focally important in- 
fectious diseases. 

SALARIES: Senior 
GEL.I3, N8.064 to N9.024; 
C49, N7.404 to N8 032; 
G1..10, N5.760 to N6,732. 
apnrox. 79p. 

The appointment may be either on 
fixed term normally of two years con- 
tract, renewable by mutual agreement 
or tii the retiring age of sixty (60). 
Economy-Class air passage will be 
paid for appointee, wife and up to 
five (€4) children on appointment, on 
home leave bv overseas staff every 
second vear and on termination. Pen- 
sion Scheme with a grant for focal 
travel in intervening years, ure the 
fringe benefits, and partly furnished 
accommodation af rental not exceed- 
ing 7 per cent of salary will be 
provided. Detailed applications, three 
(3) copies inchidine a currcrdam vior 
with photocopies of all certificates and 
naming three (3) referees should he 
forwarded by airmail, not laler than 
June 29, 1979 to the Registry, 
Ahmadu Bello University, Zaria, 
Nigeria, Applicants resident in UK. 
should also send one copy to NUC. 
London Office, 180 Tottenham Court 
Road. London WIP SLE. 910A) 


Lecrurer, 
Lecturer l, 
Lecturer Ub. 
N.B NES 
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UNIVERSITY COLLEGE 
OF SWAZILAND 


Applications are invited for the post of 
LECTURER 
in the 
DEPARTMENT OF ANIMAL 

PRODUCTION AND HEALTH 

Candidates should possess a Master's 
degree (or higher} in any branch of 
Animal Production. Preference will be 
given to those who have specialised 
in Animal Nutrition. Candidates 
should have had teaching experience, 
preferably in a University or College 
in a developing country. The appointee 
will be required to teach the subject 
matter of his/her competence at both 
the degree and diploma levels; to pre- 
pare teaching materials and aids; 
within the limits of the available time, 
to carry out research and development 
activities; ta carry out related work 
assigned by the Head of Department 
or the Dean of the Faculty or any 
other competent authority. 

Salary scale: E5,940 to E7,860 per 
annum (£1 sterling * £1.75). The Bri- 
tish Goverment may supplement salary 
Government may supplement salary 
in range £t.650 to £2,184 per annum 
(sterling) for married appointee and 
£408 to £960 per annum (sterling) for 
single appointee (reviewed annually 
and normally free from tax) and 
provide children’s education allow- 
ances and holiday visit passages. 
Family passages; 2-4 year contracts; if 
appointment for limited period 25% 
gratuity in Heu of superannuation for 


first 2 years and 273% far second 2 
years. tO", inducement payable for 
those not obtaining supplementation 
from other sources; education allow- 
ance; reasonable rented accommoda- 
tion: biennial leave. 


Detailed applications (2 copies) with 
curriculum vitae and naming three 
referees to be sent direct ta Registrar, 
University College of Swaziland, 
Private Bay. Kwaluseni, Swaziland, by 


July 4, 1979. 

Applicants resident in the U.K. 
should also send one copy to inter- 
Liniversity Council, 90/91 Tottenham 
Court Road, Londen WIP ODT. 
Further details may be obtained from 
either address, S60CA) 


IMPERIAL COLLEGE 
FIELD STATION 
Silwood Park, Ascot 

TECHNICIAN GRADE 5 

Required {to work on an MRC 
sponsored project. 

The Sexual Development of 
Malarial Parasites.’ Suitably qualified 
persons should have experience in one 


of the following  areusi-— Tissue 
Culture, Electron Microscopy or 
Biochemistry. The appointment is for 


approximately two and a half 
initially. 

Starting salary £3,474 to £4,056. 
Five weeks annual leave. plus extra 
days at Christmas and Easter. 

Apply with curriculum vitae and 
the names of two referees to Dr R. E 
Sinden, tmperial College Field Station, 
Ashurst Lodge, Ascot, Berks by 
Mav 31, $979. 909( A) 


years 
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UNIVERSITY OF OXFORD 
DEPARTMENT OF 
AGRICULTURAL SCIENCE 


RESEARCH ASSISTANT 


Applications are invited for the post 
of Rescsarch Assistant in Soll Science 
tenable far two years from October |, 
1979. The salary will be on the grade 
IB scale (£3,689 to £6.)08 per annum). 

The successful applicant will be 
expected ta initiate studies inp solute 
transfer between soil aggregates and 
surrounding voids. A background in 
the physical sciences with a know- 
ledge of sail science would be suitable. 

Aoplications giving full details of 
ciiadificatians and experience and the 


names and addresses of two referees 
shouid be sent to the Administrator, 
Department of Agricultural Science, 


Parks Road, Oxford OXI 3PF bv June 
30, 1979. 976( A} 
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UNIVERSITY OF 
AUCKLAND 
NEW ZEALAND 


Applications are invited for the 
following full-time teaching position. 
Conditions of Appointment and 
Method of Application are available 
from the Assistant Registrar (Acade- 
mic Appointments) at Auckland Uni- 
versity, or from the Association of 
Commonwealth Universities (Appts), 
36 Gordon Square, London WCIH 
OPF. Applications, in accordance with 


‘Method of Application’, will be 
accepted at any time up to dune 
30. 1979, 


Commencing salaries in accordance 
with qualifications and experience will 
be established within the Lecturers 
scale which is at present NZ$11,529 
per annum rising by annual incre- 
ments to $14,250 per annum, In nor- 
mal circumstances, a Lecturer whose 
services have proved satisfactory to 
the Council may expect in due 
course to be given the status of a 
Senior Lecturer, salary maximum 
NZ$16,780 per annum. At present all 
salaries are supplemented by a General 
Wage Order of NZ$365 per annum. 


ANTHROPOLOGY 
Lectureship in Physical 
Anthropology 


it is hoped to recruit a human 
population biologist but palaeophysical 
anthropologists will also be considered. 
Applicants should be competent in 
teaching genetics, ecology and evolu- 
tionary theory. The ability to teach 
quantitative methods would be an 
advantage. The teaching of these 
topics is integrated into the Prehistory 
and Physical Anthropology Section 
of the Department of Anthropology. 
9S9(A) 








CITY OF LONDON 


POLYTECHNIC 
DEPARTMENT OF BIOLOGICAL 


SCIENCES 
ELECTRONICS TECHNICIAN 
GRADE 5 

The City of London Polytechnic 
require, as soon as possible, an Elec- 
tronics Technician for the design and 
construction of electronic physiological 
and neurophysiological apparatus for 
teaching and research, together with 
day-to-day servicing of neurophy- 
siological teaching laboratory, and 
supervision of the electronics work- 
shop. Candidates should possess an 
H.N.C. in an appropriate field. 

The vacancy exists in our Biological 
Sciences Department which is located 
at Calcutta House, Old Castle Street 
close to Aldgate and Aldgate East 
Underground stations. 

Starting salary, which will depend 
on qualifications and experience, will 
be within the scale of £3,675 to £4212 
inclusive (under review). 

Further details and an application 
form can be obtained from the Staff 
Records Officer, City of London 
Polytechnic, 117/119 Houndsditch, 
London EC3A 7BU. Please quote 
reference number 79/18. 969(A) 





POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for a post 
supported by MRC to work with Dr 
J. Mowbray on adenine nucieotide 
sequestration in cardiac muscle (see 
Biochem, J. 176, 485 (i1978)). The 
sequestered material has been located 
and the project is to establish its 
chemical nature and to characterise 
the enzymes involved. Appointment 
will be for two years at a Starting 
salary (range 1A) of £4,261 plus £502 
London Allowance. Enquiries and ap- 
plications (including a curriculum 
vitae and names of two referees) 
should be sent to Dr J. Mowbray, 
Biochemistry Dept. University College 
London, Gower Street, London WCTF 
SBT. S67(A) 


THE UNIVERSITY 
OF LEEDS 

DEPARTMENT OF 

BIOCHEMISTRY 
Applications are invited for a 

temporary post of 

RESEARCH FELLOW 

in the above Department to work 
with Dr D., A. Harris on a project 
supported by the &S.R.C. on 
enzymology of ATP synthesis by 
mitochondria and/or Chloroplasts. 
The work will involve studies of 
chemical modification of isolated 
and membrane proteins, and rapid 
reaction kinetics, Candidates should 
already possess, or expect to be 
awarded, a Ph.D. degree, within 
the next few months. Experience 
with, or interest in computerised 


systems would be an advantage, 
The appointment will be made for 
a fixed period of three years with 


effect from October 1, 1979 (or 
as soon as possible thereafter). 

Starting salary in the range 
£4,382 to £4,882 on the IA scale 
for Research and Aanalogous Staff 
(£3,883 to £6,555). The salary scale 
is under review with effect from 
October 1, 1978. 

Informal enquiries about the 
post will be welcomed by Dr D. A. 
Harris (Telephone (0532) 36171, 
ext. ‘ 

Application forms and further 
particulars may be obtained from 
the Registrar, The University, 
Leeds LS2 SIT, quoting reference 
number 83/22/D. Closing date for 
applications: June 1§, 9, 





GLASSHOUSE CROPS 
RESEARCH INSTITUTE 
requires a 
PLANT BIOCHEMIST 
or 
PHYSIOLOGIST 
in the 
PLANT PHYSIOLOGY 
DEPARTMENT 


to initiate a research programme on 
mechanism(s) through which responses 
to light are controlled by phytochrome 
and other photomorphogenetic pig- 
ments. 

Appointment in Higher Scientific 
Officer/Senior Scientific Officer grade 
depending on qualifications and ex- 
perience. Salary scales £4,101 to 
£5,448 (H.S.0.) or £5,154 to £6,898 
(8.8.0.), under review. Applicants 
should have First or Upper Second 
class Honours degree in Botany or 
Plant Biochemisty with at least two 
years postgraduate experience. Non 
contributory superannuation scheme. 
Further details and application forms 
on request. Applications giving full 
biographical details and names and 
addresses of two referees to Secretary, 
Glasshouse Crops Research Institute, 
Worthing Road, Rustington, Littie- 
hampton, West Sussex BNI6 JIPU, by 
May 31, 1979. 8997 A) 


UNIVERSITY OF BRISTOL 
Applications are invited 
for the post of 


TECHNICIAN GRADE 5 
within the 
DEPARTMENT OF SURGERY 

The person appointed would be in 
technical charge of the department's 
Immunology Laboratory which — is 
sited at the University Medical School. 
This laboratory is concerned with the 
investigation and treatment of cancer. 
Minimum qualifications: H.N.C. or 
equivalent, 

Salary £3,474 to £4,056 per annum 
according to age, qualifications and 
experience (scale under review). 

Applications in writing, with the 
names of two referees, to Mr F. E 
Badrick, Chief Technician, Deporte 
ment of Surgery, Bristol Royal 
Infirmary, Bristol BS2 SHW. 

Closing date: May 31, 1979. 

GIB(A) 


Medical University of South Carolina 
DEPARTMENT OF ANATOMY 


Three positions are available from September 1, 1979. 


Assistant professor 


with substantial teaching experience in gross anatomy and 
neuroanatomy. The individual should have several years 
postdoctoral experience and research interests should focus 
on retinal development and plasticity in the developing 


rodent visual system. 


Assistant professor 


with broad teaching experience in neurobiology. Several 
years of postdoctoral experience are required and research 
interests should centre around response properties and 
intracellular injection of visual cortical neurons. This is a 


temporary position. 


Instructor 


with teaching experience in gross anatomy and neuroanatomy. 
Some postdoctoral experience is required. Research interests 
should include development of the avian visual system and 
transplantation of the developing rodent visual system. This 


is a temporary position. 


Closing date for applications: May 23, 1979. Send curriculum 
vitae to: Dr. R. D. Lund, c/o Office of the Dean, College of 
Medicine, Medical University of South Carolina, 171 Ashley 
Avenue, Charleston, South Carolina 29403. An Equal! 
Opportunity/Affirmative Action employer. 


W130(A) 


ST. CHARLES’ HOSPITAL 
EXMOOR STREET, LONDON W10 
MEDICAL LABORATORY 
SCIENTIFIC OFFICER/JUNIOR MEDICAL 
LABORATORY SCIENTIFIC OFFICER 
BIOCHEMISTRY DEPARTMENT 


The Laboratory has a special responsibility for hormone 
radioimmunoassay but full training is available within the 
District. Applicants should be state registered although a junior 


medical laboratory 


scientific officer 


studying for H.N.C. 


(Clinical Chemistry) will be considered. 


For further details telephone Mr Vermont, Senior Chief 
Medical Laboratory Scientific Officer, 01-969 2488, ext. 357. 


Application form available from Personnel Department, tel. 


no. 01-969 2488, ext. 354. 


RESEARCH ASSOCIATE 
Biochemistry of Genetic 
Recombination 


Postdoctoral position at University 
of Maryland, Baltimore County, for 
in vivo and in vitro studies of DNA 
recombination and repair. Extensive 


interaction and collaboration with 
molecular biology groups at nearby 
National Institute of Health and 


Johns Hopkins University. Experience 
in molecular genetics or nucleic acid 
biochemistry highly desirable but not 
essential, To begin Summer 1979; 
earlier or larer dates possible. Salary: 
$14,0000 to $15,000, plus fringe 
benefits. Candidates with M.S. degree 
and demonstrated capacity for imde- 
pendent research will be considered. 
Send vitae and two (2) letters of 
recommendation to: Dr John Hays, 
Department of Chemistry, UMBC, 
Catonsville, Md., U.S.A., 21228. 

UMBC is an Affirmative Action/ 
Equal Opportunity Employer. 


WI29{A) 


856(A) 





UNIVERSITY OF 
MELBOURNE 
CHAIR OF AGRICULTURAL 
ENGINEERING 
Applications are invited for ap 
pointment to the Chair of Agricul- 
tural Engineering which will become 


vacant in April 1980, on the retire- 
ment of Professor ©. G. E. Downing 


who was the first occupant of this 
chair. 
SALARY: expected to be $A33,061 


per annum. 

Further information about the 
position and the duties involved, in- 
cluding details of application pro 
cedure, superannuation, travel and 
removal expenses, housing assistance 
and conditions of appointment, Is 
available from the Registrar, or from 


the Association of Commonwealth 
Universities (Appts.), 36 Gordon 


Square, London WC1H OPF, 
Applications close on September 30, 


` 968(A) 
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UNIVERSITY OF BASLE 
DEPARTMENT OF PRE- AND PROTOHISTORY 


Applications are invited for the 


Professorship in Prehistory 
and Environmental Archaeology 


VACANCY AFTER SEPTEMBER 1980 


Duties include: 


Teaching: Palaeolothic, Mesolithic and if possible Neolithic 
periods, in the context of the ecology of the Pleistocene and 
Holocene; technology and mining in pre- and protohistorical 
times; archaeozooclogy; excavations. 


Research: In the subjects taught. 


Collaboration with the protochistorical and Roman section. 


Applications including curriculum vitae, list of publications 
and teaching experience should be submitted before end of 
July 1979 to the Dean of the Faculty of Science. 


Address: Dekanat der 
Philosophisch-Naturwissenschaftlichen Fakultat 
der Universitat Basel 
Klingelbergstrasse 70 


CH-4056 BASEL. W124(A) 


INSTITUTE OF 
LARYNGOLOGY AND OTOLOGY 
Gray’s Inn Road, London WCIX 8DA 


RESEARCH ASSISTANT 


required to join a team investigating hearing processes. The 
appointment will be for one year during which time the 
successful applicant will undertake an accoustical study 
involving hearing impaired subjects. Applicants should have 
a good science degree and a working knowledge of electronic 
measurement and computer processing techniques. 
Salary: £4,152 per annum inclusive. 
The appointment is in association with the Nuffield Hearing 
and Speech Centre. 
Write for application form and job description to: 
Dr D. T. Kemp 
Department of Audiology 


Institute of Laryngology and Otology 
9TT(A) 





THE POLYTECHNIC 
HUDDERSFIELD 
DEPARTMENT OF LIFE SCIENCES 


PRINCIPAL LECTURER, SENIOR LECTURER OR 
LECTURER II—~HUMAN ECOLOGY 
Ref: ACA/343 


Preference will be given to candidates with teaching and/or industrial 
experience and a proven research record and possessing a first degree in a 
Biological subject and a higher degree in Agriculture or Biological 
resource management. Experience of developing countries particularly in 
tropical resources would be advantageous. 

Staff! are expected to undertake activities, including research, in 
addition to teaching duties. 

Salary: Principal Lecturer £7,047 to £7,818 (Bar) to £8,844, 


Senior Lecturer £6,051 to £7,065 (Bar) to £7,572. 
Lecturer H £4,101 to £6,558. 


Further detaily and application forms, which should be returned by 


June 8, 1979, from the Personnel Office, The Polytechnic, Queensgate, 
Huddersfield HD) 3DH (Telephone 0484 22288 Ext 2225). S07(A) 





CHAIRMAN 


of the 
DEPARTMENT OF 
PHYSIOLOGY 


WAYNE STATE 


UNIVERSITY 
SCHOOL OF MEDICINE 


Creative and energetic leader to 
assume the chair of this large and 
More than 20 faculty members, 
large and modern research and 
teaching facilities. Applicants 
diverse department July 1, 1980. 
should have an established and 
productive research record, experi- 


ence in teaching and administra- 


tion, to be able to assume 
responsibility for the medical, 
allied medical and graduate teach- 
ing programmes of the department, 
Sex, race, religion or national 
origin will not be factors in the 
selection process. 

Interested persons should reply 
by July I, 1979 to: 

Dr Bernard H. Marks, 

Department of Pharmacology, 

Wayne State University, 

School of Medicine, 

Detroit, Michigan 48201. 

WIRA) 





UNIVERSITY OF 


NEWCASTLE UPON TYNE 
DEPARTMENT OF 
ORGANIC CHEMISTRY 


RESEARCH ASSOCIATE 


Applications are invited for a 
Science Research Council sponsored 
post involving the systematic analysis 
of mycobacterial mycolic acids and 
related long-chain compounds in col- 
laboration with Dr D. E. Minnikin. 
Candidates should have completed a 
Ph.D. or have equivalent research ex- 
perience, hold a first class degree in 
Chemistry and preferably have expertise 
in the analysis of long-chain fatty 
acids, The appointment will be for 
three years at a commencing salary 
of £4,382. 


Applications, including curriculum 
vitae and names of two referees, 
should be sent by June 15, 1979 to 
Dr D. E. Minnikin, Department of 
Organic Chemistry, University of 
Newcastle upon Tyne, Newcastle upon 
Tyne NEI 7RU. 873(A) 





RESEARCH FELLOWS IN 
ASTRONOMY 
ROYAL OBSERVATORY 
EDINBURGH 


There are vacancies at the Royal 
Observatory Edinburgh for Research 
Fellows. The Observatory is respon- 
sible for three national astronomical 
facilities; the UK 1.2m Schmidt Tele- 
scope in Australia, the 3.8m Infrared 
Telescope in Hawaii and the COSMOS 
machine at Edinburgh. In Edinburgh 
there are several thousand plates from 
the UK Schmidt Telescope and photo- 
graphic laboratories equipped to €x- 
ploit this data bank, There are 
extensive facilities for developing and 
testing new instruments. 


The Royal Observatory manages 
and operates the telescopes in 
Australia and Hawaii, and some of 
the Research Fellows are expected to 
spend time abroad as members of the 
operating teams. Others are based in 
Edinburgh, where there are excellent 
librarv, computing and workshop 
facilities. The Observatory in Edin- 
burgh also houses the Astronomy De- 
partment of Edinburgh University. 


Appointments are generally for a 
period of three years. A fixed stipend 
is paid, ranging from £3,698 to £8,466 
per annum. 


Further 
forms from the 
Royal Observatory, 
Edinburgh EH9 3HJ. 


details and application 
Personnel Officer, 
Blackford Hill, 

922( A} 


NATURAL ENVIRONMENT 


RESEARCH COUNCIL 
INSTITUTE FOR MARINE 
ENVIRONMENTAL RESEARCH 
PLYMOUTH 


ELECTRONICS 
DEVELOPMENT 
ENGINEER/PHYSICIST 


To take charge of a small Elec- 
tronics Group, design and develop 
now instrumentation for marine re- 
search, advise and assist staff of the 
Institute regarding their instrumenta- 
tion requirements and maintain existing 
equipment. 

Qualifications: A degree or HNC/ 
HND plus experience in electronic 
engineering including analogue and 
digital circuit design: experience in 
microprocessor systems an advantage; 
ability to work at sea. occasionally, in 
research vessels and smali boats an 
advantage. 

Salary (under review): Scientific 
Officer to £2,839 to £4,415 or, for 
candidates with at least two years’ 
postgraduate experience, Higher 
Scientific Officer to £4,101 to £5,448. 
Starting salary may be above the 
minimum. 

Staff of the Council are not Civil 
Servants but pay and conditions are 
similar to those of the Civil Service, 
inchiding a non-contributory pension 
scheme. 

For further particulars and appli- 
cation form, please write, quoting 
Post No. 931, to The Director, In- 
stitute for Marine Environmental 
Research, Prospect Place, The Hoe, 
Piymouth PLI 3DH. 940(A) 





el rammene eee th 


UNIVERSITY OF 
NOTTINGHAM 


School of Agriculture 
SUTTON BONINGTON, 
LOUGHBOROUGH 
DEPARTMENT OF PHYSIOLOGY 
AND ENVIRONMENTAL STUDIES 
Applications are invited for the 
following post which exists within 

the Department. 

TECHNICIAN GRADE 5— 

ELECTRONICS 

The Technician will be responsible 
for the design and construction of 
electronic equipment used in the 
Environmental Physics section of the 
Department; and for the routine 
maintenance and repair of standard 
equipment in the Department as a 
whole. Candidates should possess 
O.N.C., O.N.D., or other recognised 
equivalent qualifications and ap- 
propriate experience is essential 
Salary on scale £3,474 to £4,056 
per annum, 

Write to the Secretary at the School 
for an application form quoting Post 
Ref: 79/10. 929( A) 


smear areenaan iiaa ata ae aeann anana: 


UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 


RESEARCH ASSISTANT/ 
SENIOR 
RESEARCH ASSISTANT 


Affinity Chromatography 


Applications are invited from chem- 
ists or biochemists for the above post 
in a multidiciplinary group working or 
the principles and applications of 
affinity techniques. The salary will be 
within the range £3,689 to £4,776 pez 
annum depending on age and experi 
ence. The post is tenable for onc yeas 
from October f, 1979. Informal ene 
quiries may be made to Dr. PD. GO 
Dean. Tel: 081-707-6022, Ext, 3166. 

Applications, together with th 
names of two referces, should be re 
ceived not later than June 7, 1979. b. 
The Registrar, The University. P.O 
Box 147, Liverpool, L69 3BX, fror 
whom further particulars may be ob 
tained. Quote Ref: RV/600/N., 

ROZA) 
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UNIVERSITY COLLEGE 


DUBLIN 
DEPARTMENT OF ZOOLOGY 


SESSION 1979/80 


A vacancy has arisen for a staff 
member in the Department of 
Zoology for the 1979/80 Session. The 
appointment will be made at the level 
ot either Assistant Lecturer or 
College Lecturer. Applicants should 
have teaching, practical and research 
experience. Preterence will be given 
to candidates with teaching and 
practical experience in The Inverte- 
brate Phyla (Ist Year); Insecta, 
Reptilia, Aves and Limnology (2nd 
Year); Animal Behaviour (Honours 
Levelh; and also with research experi- 
ence in Limnology. 

This appointment is for one year, 
from October 1, 1979 to September 30, 
1980. 

‘fhe current salary scales are: 

Assistant Lecturer: 

£4,210 to £6,875 per annum 
College Lecturer: 
£6,610 to £8,486 per annum 

Entry point on the relevant scale 
will be in accordance with qualifica- 
tions and experience. There is a non- 
contributory pension scheme. 

Prior to application, further informa- 
tion (including application procedure} 
should be obtained from the Secre- 
tary and Bursar, University College, 
Belfield, Dublin 4. Telephone en- 
quiries 693244, ext. 431. 

The latest date for receipt of com- 
pleted applications is Friday, June 8, 
1979. W 128(A) 


UNIVERSITY OF GLASGOW 
DEPARTMENT OF 
BIOCHEMISTRY 


POSTDOCTORAL FELLOW 

There is a vacancy for a Poste 
doctoral Fellow to work in a Research 
Group in this department in associa- 
tion with the Department of Medical 
Cardiology, investigating the funda- 
mental questions about the structure 
of myocardial cells, mechanisms of 
myofibrillar assembly and degradation, 
metabolic regulation and the molecular 
details of drug interactions. 

Salary will be on range 1A of the 
scales for Research and Analogous 
Staff (£3,883 to £6,555, under review). 

Applications, including a curriculum 
Vitae and the names and addresses of 
two referees, should be sent to Dr J. 
Dow, Department of Biochemistry, 
University of Glasgow, Glasgow G12 


8OQ. 
In reply please quote Ref. No. 
5M. B7 ICA} 


BEDFORD COLLEGE 


(University of London) 
ELECTRON MICROSCOPY 
TECHNICIAN 
Technician Grade 7 
required from September I, 1979, to 


take overall responsibility for the 
supervision of, and the provision of a 


technical service from, the College's 
Electron Microscope Unit. Applicants 
must be highly skilled in all tech- 
niques related to the electron miero- 
scope investigation of biological 
material and in the maintenance of 
electron microscopes and associated 


ancillary equipment. 
Gross salary within the range £5,162 
to £5,738 per annum. Annual season 


ticket loan scheme. ; 
Application forms from Senior 
Assistant Secretary (Personnel), Red- 


Regent's Park, London 
01-486 4400, ext. 312. 
864(A) 


UNIVERSITY COLLEGE 
CARDIFF 
Applications are invited for the post of 


LECTURER 
in the 

DEPARTMENT OF ZOOLOGY 

Salary range: £3,883 to £7,784 pa. 
Appointment will be made towards the 
lower end of salary scale. Duties to 
camimence October 1979. 

Applications (2 copes}, together with 
the names and addresses of two ref- 
erees should be forwarded to the Vice- 
Principal (Administration) and Regis- 
trar, Univers'ty College, P.O. Box 78, 
Cardiff CFI IXL, from whom further 
purticulars are available. Closing date 
June 7, 1979. Reference 1794. 

948A} 


ford College, 
NWI 4NS. Tel: 


UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF 
GENETICS 


LECTURER 


The Department of Genetics has 
a vacancy for a Lecturer. Appli- 
cations are particularly invited 
from those with qualifications and 
research interests in quantitative 
and/or population genetics, but 
other applicants may also be con- 
sidered. The appointment may be 
taken up on October 1, 1979 or 


at any time during the following 


academic year. Salary will be on 
the scale £4,232 to £8,452 per 
annum with placing according to 
qualifications and experience. 
Superannuation under U.S.S. 
Further particulars may be 
obtained from Professor J. R. S. 
Fincham, Department of Genetics, 
West Mains Road, Edinburgh EHY 
3JN, and applications, with the 
names of two referees, should be 
submitted to the Secretary to the 
University, Old College, South 
Bridge, Edinburgh EHS OYL by 
June 30, 1979. Please quote rel- 
erence 10584. ETUA) 





UNIVERSITY OF SURREY 
DEPARTMENT OF HUMAN 
BIOLOGY AND HEALTH 


TECHNICIAN GRADE 3 


We need a Technician to heip with 
the Research and Teaching activities 
of a vigorous and expanding depart- 
ment. Applicants should have a good 
practical knowledge of techniques in 
animal or human physiology, especially 


modern methods in electronic re- 
cording. 
Applicants should be suitably 


qualified and have had several years’ 
laboratory experience. 

The department is in a sew building 
in attractive surroundings, adjacent to 
an historic town with excellent re- 
creational facilities on the campus 
and in the surrounding area. 

Further particulars and application 
form for the post may be obtained 
from the Staff Officer, University of 
Surrey, Guildford, Surrey, GU2 SXH, 
or telephone Guildford 71281, ext. 452. 

934(A) 


NATIONAL INSTITUTE 
FOR RESEARCH IN 
DAIRYING 


The Biochemistry Department re- 
quires a biochemist ta work on the 
metabolism of body reserves during 
growth, pregnancy and lactation in 
ruminants. The work involves a study 
of protein and lipid metabolism in 
vitro of muscle and other organs 
taken from animals in different 
physiological states. 

Candidates should have a first or 
upper second class Honours degree in 
biochemistry or physiology. 

Appointment will be as 
Officer (£2,839 to £4,418) or Higher 
Scientific Officer (£4,101 to £5,448) 
according to experience, At least two 
years) relevant postgraduate research 
or other approved experience is 
required for appointment as HSO, 

Further details and application 
forms are obtainable from the 
Secretary, NIRD,. Shinfield, Reading 
RG2 QAT. Please quote reference 
79/18, TOS(A) 


Scientific 





QUEEN MARY COLLEGE 


University of London 
APPLIED MATHEMATICS 
DEPARTMENT 
Applications are invited for 
appointment as 


POSTDOCTORAL 
RESEARCH ASSISTANT 


to work with Professor 1. C. Percival 


en an §.R.C.-supported project: 
Hamiltonian Dynamies of Systems 
with a finite number of degrees of 
freedom. Appointment for Z7 years 
from October I. 

Initial salary in range £4,835 to 


£5.412 per annum (including London 
Allowance). 

Please apply by letter, giving age. 
qualifications, experience and names 
of 2 referees, to The Registrar, (N) 
Queen Mary College, Mile End Road. 
London EI 4NS. R62(A) 
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01-864 5311 Ext. 2754). 


GUY'S HOSPITAL 
MEDICAL SCHOOL 
GRADUATE 
RESEARCH ASSISTANT 


required for three years to work with 


Dr. D. C. Watts in the Biochemistry 
and Chemistry Department on an jin- 
vestigation into the biochemistry of 
the subunit interactions of the phos- 
phagen kinases, supported on a grant 
irom the Science Research Council. 
Salary on scale £3,716 to £3,988 to 
£4,262 plus £502 London Allowance. 
Applicants, who will be expected to 
register for a Ph.D. degree, should 
have a good honours degree wii 
some knowledge of enzyme chemistry 


and, preferably, an enthusiasm for 
marin biology. 
Apply in writing, with full curri- 


culum vitae, to Secretary, Guy's Hos- 
pital Medical School, London Bridg., 





SE1 ORT, quoting Ref. B.C.1. 
BRIA) 
GEOCHRONOLOGIST 


A Geochronology Laboratory is to 
be established at the University of 
Regina in the Department of Geology. 
The | successful applicant will be 
required to design, set-up and operate 
a solid source mass spectrometry Jab- 
oratory specialising in  uranium-lead 
and zircon dating methods. The posi- 
tion will be of particular interest to 
persons with a strong physics back- 
ground. A knowledge of solid state 
electronics, minicomputers and data 
handling. The position, which does 
not fequire any teaching or admini- 
Strative duties, will commence as soon 
as a Suitable candidate is found. Salary 
will be commensurate with qualifica- 
tions and experience. Applications, 
which must indicate availability and 
salary expected, should he forwarded, 
along with three letters of reference, 
to Dr G. R. Parsiow, Department of 
Geology, University of Regina, Regina, 
Saskatchewan, $48 OAZ, Canada 
(PRIOR TO JUNE 30, 1979. 

WIZA) 


THE UNIVERSITY OF 
MANCHESTER 


ELECTRON MICROSCOPE 
TECHNICIAN 


DEPARTMENT OF MEDICAL 
BIOCHEMISTRY 


required to work with a small re- 
search team fed by Professor Scott on 
structure and function of connective 
tissue. In addition to experience of 
electron microscopy, an interest in 
biochemistry is desirable, and can- 
didates should be qualified to at least 
O.N.C. ievel. 

Commencing to £3,315 
per annum, 

Applications should be sent to Pro- 
fessor J. E. Scott, Department of 
Medical Biochemistry, Stopford Build- 
ing, The University, Manchester 
M13 9PT. 944(A) 





salary up 


MIRC 


Medical Research Council 
M.R.C. CLINICAL RESEARCH CENTRE 


(NORTHWICK PARK HOSPITAL) 
Watford Road, Harrow, Middx. HAI 3UJ 


SCIENTIFIC OFFICER 


required to work on primate models of psychiatric disease, 
including particularly schizophrenia. Applicants must have 
experience of behavioural work with primates, and some knowl- 
edge of neuropharmacology. They should also have an interest 
in the possible role of neurotropic viruses in the causation of 
psychiatric and neurological disease. 

Potential applicants are invited to visit informally the C.R.C. 
and to discuss their research ideas with Dr T. Crow (Tel. No. 


This is a limited term appointment for five years. Salary 
within the range £5,631 to £8,256 including L.A. 

Application form and further details from Mrs J. Tucker- 
Bull (Ext. 2685). Quoting Ref. 125/1/A38. Closing date June 16. 























887(A) 


UNIVERSITY OF HULL 
DEPARTMENT OF GEOLOGY 


POSTGRADUATE 
RESEARCH ASSISTANT 
Applications are invited from 


graduates, or from those expecting to 
graduate this year, for the position of 
research assistant on a three-year 
N.E.R.C.-funded project on diagenesis 
and patterns of cementation in sand- 
Stones. The project commences on 
September 1, 1979. 

Salary will be on the scale £3,684 
to £5,321 per annum. 

The person appointed may register 


for a higher degree, if suitably 
qualified. 
Applicants with relevant qualifica- 


tions in the geological sciences should 
write to Dr B. Waugh, Department of 
Geology, University of Hull, Haul 
HU6 ?7RX, before June 8, 49790, and 
should include a full curriculum vitae 
and the names of two referees. 

BS7O(A) 


UNIVERSITY OF GLASGOW 
D=ZPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL FELLOW 


There is a vacancy for a Postdoctoral 
Fellow to work in a Research Group 
in this department in association wis, 
the Department of Medical Cardiology, 
investigating the fundamental questions 
about the structure of myocardial cells, 
mechanisms of myofibrillar assembly 
and degradation, metabolic regulation 
and the molecular details of drug inter- 
actions. 

Salary will be on range IA of the 
scales for Research and Analogous 
Stal? (£3. 883 to £6,585. under review). 

Applications, including a curriculum 
vitae and the names and addresses of 
two referees, should be sent to Dr J. 





Dow, Department of Biochemistry, 
University of Glasgow, Glasgow Gi. 
8QOQ. 

In reply please quote Ref. No. 4435. 


943(A) 


MEMORIAL UNIVERSITY 
OF NEWFOUNDLAND 
Canada 
ASSISTANT PROFESSOR 


(Research) 
required to join a project on the 
molecular comparison of genes speci- 
fying isofunctional catabolic enzymes 
in plasmids. 

A candidate with a Ph.D. is re 
quired, and someone with experience 
of work with DNA and restriction 
enzymes is preferred. Contractual 
appointment for two years, in the 
first instance, on a salary scale com- 
mencing at $16,950 per annum. 

Applications, including a cur- 
riculum vitae and the names of two 
referees, should be sent to Dr E. A. 
Barnsley, Department of Biochemistry, 
Science Building, Memorial Univer- 
sity of Newfoundland, St. John’s, 
Newfoundland, Canada AIB 3X9. 

914(A) 
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Smith Kline - RIT 


a SmithKline company 
For our Immunobiology Department we wish to engage at short 


notice 


A VIROLOGIST 


with several years’ experience in the field of virology (technique 


of tissue culture, virus culture and of virological diagnosis). 
He (she) will be engaged in research and development in the 


field of virus vaccines. 


The applicant should speak English fluently and must at least 
have a fair knowledge of French. 


He (she) is preferably between 30 and 35 years old. 


Should you be interested in this job, send your application 
with curriculum vitae to our Personnel Department, 13 rue 


du Tilleul, 1320 Genval, Belgium. 


MEDICAL, 
DENTAL AND VETERINARY 
PHYSIOLOGISTS 


The Department of Physiology at 
Tufts University Schools of Medicine, 
Dental Medicine and Veterinary Medi- 
cine is seeking physiologists for 
tenure-track positions at the assist- 
ant and associate professor levels. Of 
particular interest are persons with 
strong research in cell physiology and 
teaching ability in the areas of organ, 
comparative and avian physiology. 
The department is committeed to deve- 
loping research programs relating to 
the interests of the three schools so 
that persons with the M.D., D.M.D., 
D.V.M. and/or Ph.D. degrees are 
encouraged to apply. Applicants 
should send a letter describing their 
research and teaching interests, a cur- 
riculum vitae with publication list 
and the names of three references to: 


Dr Geoffrey W. G. Sharp, Depart- 
ment of Physiology, Tufts University 
Schools of Medicine, Dental Medi- 


cine and Veterinary Medicine, 136 
Harrison Avenue, Boston, Massachu- 
setts OZILL 

Tufts University 
portunity/ Affirmative 
ployer. 


is an Equal Op- 
Action Em- 
W123(A) 





UNIVERSITY OF 


BIRMINGHAM 
DEPARTMENT OF 
GEOGRAPHY 
RESEARCH FELLOW AND 


RESEARCH ASSOCIATES (2) 


Research Project 
climate and 
around the 


Leverhulme Trust 
on Viking Settlement, 
environmental change 
North Atlantic. 

Applications are invited for three 
research appointments in connection 
with the above 3-year project. 


1. RESEARCH FELLOW 
(ARCHAEOLOGIST) 


Preference will be given to post- 
doctoral candidates with a working 
knowledge of Viking settlernent, par- 
ticularly in Iceland, and experience of 
archaeological and/or geographical 
fieldwork techniques. Ability to use 
published Icelandic data would be an 
advantage. Salary on the scale £4,232 
to £7,148 per annum, plus superan- 
nuation. Maximum starting salary 
will ad £4,776, Post tenable from July 
1, 1979. 


2. RESEARCH ASSOCIATES 


Candidates should have a good 
honours degree with preferred special- 
ism in botany or entomology and a 
general interest in archaeology. Salary 


on the scale £3,775 to £5,488 per 
annum, plus superannuation. Maxi- 
mum starting salary will be £4,333. 


Post tenable from October 1, 1979. 
Further particulars are available 
from the Assistant Registrar, Science 
and Engineering, University of Bir- 
mingham, P.O. Box 363, Birmingham 
BIS 2TT, to whom applications (three 
copies) including full curriculum vitae 
and naming three referees, should be 
sent by Friday, June 8, 1979. Please 
quote reference NH6. 925( A) 





WI31(A) 


UNIVERSITY OF BATH 
SCHOOL OF 
MATERIALS SCIENCE 


LECTURER 
in 
MATERIALS SCIENCE 


The School offers an honours 
degree in Materials Science and has 
extensive teaching commitments in 
Engineering Schools of the University. 
The lecturer is required to share in 
this teaching programme and the 
ideal candidate would be one who 
has experience in the field of selection 
and evaluation of engineering materials 
and is familiar with engineering 
design procedures. A strong profes- 
sional or academic record would be 
essential and the successful candidate 


would be expected to contribute 
actively to the School’s research 
activities, 

Application forms and further 


particulars available from the Person- 
nel Officer, University of Bath, Bath 
BA2 TAY, quoting reference 79/104/N. 
Closing date for applications: June 18, 
1979, 885(A) 


UNIVERSITY OF THE 
WEST INDIES-—JAMAICA 


Applications are invited for the post of 
LECTURER/ 
ASSISTANT LECTURER 


in the 
DEPARTMENT OF BOTANY 


Preference will be given to 
applicants who possess a first degree 
with majors in Botany and hold post- 
graduate qualifications or have interest 
and teaching experience in Plant 
Ecology and Taxonomy of Seed 
Plants. The appointee will be required 
fo take up duties as soon as possible. 

Salary scale {under review): 
Lecturer, J§8,913 to J$i13,917 per 
annum: Assistant Lecturer, J$7.236 to 
3$7,926 per annum (£1 =-J$3.60). 
Family passages; F.S.8.U.; Study and 
Travel Grant; Unfurnished accommoda- 
tion will be let by the University at 
a rental of 10% of salary or a housing 
allowance of 20% of salary is payable. 

Detailed applications (three copies) 
with curriculum vitae and naming 3 
referees should be sent direct as soon 


as possible to the Registrar, Uni- 
versity of the West Indies, Mona, 
Kingston 7, Jamaica. 

Applicants resident in the U.K. 


should also send one copy to the 
Inter-University Council, 90-91 Totten- 
ham Court Road, London WIP ODT. 
Further details may be obtained from 
either address, 857(A)} 





aeons 


TECHNICIAN Grade 5, with knowl- 
edge of Cytology required to assist in 
both the research and undergraduate 
teaching laboratories in the Department 
of Botany and Microbiology. It is 
essential for applicants to have a 
sound knowledge of Cytological Tech- 
niques. Salary according to experience 
in range £3,998 to £4.580 inc. of 
London Weighting. Application form 
and further details from Personnel 


Officer (Technical Staff CD13), Uni- 
versity College London, Gower St., 
WCIE 6BT. QIMA) 


UNIVERSITY OF BASEL 
DEPARTMENT OF 
STRUCTURAL BIOLOGY 
POSTDOCTORAL 
POSITION 


Development of new ab initio 


methods for the theoretical study 
of large molecules and their appii- 


cation to problems in Pharma- 
cology. Experience with Quantum 
Chemical methods and program- 
ming techniques desirable, Send 
resume and names of two ref- 
erences to Dr E. L. Mehler, 
Department of Structural Biology, 
Biocenter, The University of 
Basle, CH-4056 Basle, Switzerland. 

W 1I27(A) 





UNIVERSITY OF 
PAPUA NEW GUINEA 


Applications are invited for the post of 


SENIOR TECHNICIAN 
(ELECTRONICS) 


in the 
DEPARTMENT OF PHYSICS 


The appointee will be expected to 
perform the following duties: Take 
charge of a small, modern and well 
equipped electronics workshop; to 
provide on-the-job training to National 
Technicians; maintain and calibrate 
a wide variety of electronic instru- 
mentation; design and develop a 
digital and analogue instrumentation 
for teaching and research, Applicants 
should hold a Higher National Certi- 
fieate or equivalent qualification in 
Electronic Engineering and have 
several years appropriate experience. 
Appointment will be at the level of 
Senior Technical Officer Grade 2. 

Salary: Ki0,168 per annum (£1 
sterling = K 1.49). Family passages; 
baggage allowance; gratuity; various 
generous allowances. 

Detailed applications (2 copies) with 
curriculum vitae and naming 
referees to be sent direct to Secretary, 
Box 4820, University P.O., Papua New 
Guinea, by June 29, 1979. 

Annlicants resident in the U.K. 
should also send one copy to inter- 
University Council, 90/91 Tottenham 
Court Road, London WIP ODT. 
Further details may be obtained from 
either address. 861CA) 





UNIVERSITY OF OXFORD 
NUFFIELD INSTITUTE 
FOR MEDICAL RESEARCH 


A post is available to work on some 
aspect of the physiology of the embryo, 
fetus or newborn. Preference may be 
given to an applicant with interest in 
embryology or neurophysiology. The 
appointment, tenable from October 1, 
1979, is for three years initially, and 
may be extended for a further two 
years (maximum). Salary on University 
Research Staff Scale If (£6,080 to 
£7,754 per annum) or HX (£6,317 to 
£8,257 per annum). 

Application or enquiries, with cur- 
riculum vitae and names of three 
referees to: 

Professor G. S. Dawes, 

Nuffield Institute for 

Medical Research, 

Headley Way, 

Headington, 


Oxford OX3 IDS. 902(A) 








UNIVERSITY OF 


NEWCASTLE UPON TYNE 
DEPARTMENT OF GENETICS 


POSTDOCTORAL 
RESEARCH ASSOCIATE 


Do operons exist in eukaryotic 
organisms? Applications are invited 
for the above post in an SRC- 
financed study of gene clusters and 
their control using the fungus 
Aspergillus nidulans, Starting date as 
soon as possible and not later than 
November t, 1979, Tenable for three 
years. Biochemical background an ad- 
vantage. Starting salary within Range 
1A Research scale (4,232 to £4,776). 

Applications with names and ad- 
dresses of two referees to Dr H. N. 
Arst, Department of Genetics, Ridley 
Building, The University, Newcastle 
upon Tyne NEI 7RU. 952(A) 


UNIVERSITY OF 


ST. ANDREWS 


DEPARTMENT OF 
PSYCHOLOGY 
Applications are invited for 


TWO LECTURESHIPS 


in the Department of Psychology, 
tenable from September/October 
1979, For one post candidates 
should have advanced training and 
experience to qualify them for an 
appointment in any area of Human 
Psychology, and for other a back- 
ground in Social Psychology, 
Sociology, or allied disciplines. 
Salary at appropriate point on 
scale £4,232 to £8,452 (under 
review), Starting salary probably 
not above £6,108, plus F.S.S.U./ 
u.S.S. 
Applications 
ferably in 


{two 


copies 
typescript) with the 
names of three referees should be 
lodged by June 30, 1979, with the 


pre- 


Establishments Officer, The Uni- 
versity, College Gate, St. Andrews, 
Fife, from whom further particu- 
lars may be obtained. Q72(A) 





UNIVERSITY OF BRISTOL 
BONE BIOMECHANICS 


A RESEARCH ASSISTANT 


is required to participate òn a projet 
financed by the M.R.C. to investigate 
the effect of mechanical function on 
bone remodelling, particularly in re- 
lation to senile and disuse ostcoporosis. 
The experiments will involve instru- 
mentation of bones in vivo. 

This is a postdoctoral appointment 
but applicants with other suitable ex- 
perience will be considered. 

Salary in the range, 1A £4,505 (£4,776 
to £5,041) p.a. (under review). 

Applications, including a curriculum 
vitae and the names of two referees, 
should be sent before June 31 to Dr 
L. E. Lanyon, Department of An- 
atomy, University of Bristol, Park 
Row, Bristol BS! SLS, U.K. 947(A) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEMONSTRATORSHIP IN 

ORGANIC CHEMISTRY 


Applications are invited for the 
above post in the Department of Or- 
ganic Chemistry, tenable from Sep- 
tember 1, 1979, or by arrangement. 
Applicants should have, or expect to 
have, a Ph.D. in Organic Chemistry. 
The successful applicant will be ex- 
pected to assist with both undergradu- 
ate and postgraduate teaching aod 
to carry out research of his or her 
own choice in an area of Organic 
Chemistry. 

The appointment is for three years 
with salary on the Grade IB (bar) 
scale: £3,384 to £4,882 (under review} 
according to age, qualifications and 
experience. Membership of the ap- 
propriate University superannuation 
scheme will be required. 

Two copies of applications, to- 
gether with the names and addresses 
of three referees, should be sent to 
Professor Sir James Baddiley, FRS. 
Microbiological Chemistry Research 
Laboratory, The University, Newcastle 
upon Tyne NEI 7RU. 875(A) 


apnea narra 


POSTDOCTORAL 
RESEARCH ON 
HORMONE RECEPTORS 


Areas of interest include interaction 
of glucagon with membrane receptors 
and the role of lipids as well as the 
development of a glucagon antagonist. 








Candidate should have experience 
with biological membranes, endo- 
crinology or lipid or protein 
chemistry. ; 
Applications with full curriculum 
vitae and names of two references 
to: 


Dr R. M. Epand . 
Department of Biochemistry 
McMaster University 
1200 Main Street West 
Hamilton, Ontario 
L8S 439, Canada. 

WIIS(A) 
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THE 
UNIVERSITY COLLEGE 
OF WALES 
ABERYSTWYTH 
DEPARTMENT OF GEOLOGY 


Applications are invited for the 
post of 


PART-TIME 
DEMONSTRATOR 


tenable for an initial period of two 
years from October I, 1979. A 


good Honours Degree in Geology 
is required and the post offers the 


opportunity to pursue research, 
which may lead to a higher Degree. 
Salary on commencement £3.00. 
per annum (under review) rising to 
£3,250 after twelve months. 
Application forms and further 
particulars are obtainable from The 
Registrar, The University College 
of Wales, Old College, King Street, 
Aberystwyth, SY23 2AX, to whom 
completed forms should be submit- 
ted no later than June 4, 1979, 
IRLA) 


UNIVERSITY OF 
CAMBRIDGE 


Department of Biochemistry 
Applications are invited for a 


POSTDOCTORAL RESEARCH 
ASSISTANT (Range IA) 


to work with Professor D H. 
Northcote, F.R.S. on a project funded 
for three years by the Science 
Research Council. Whole plants and 
plant tissue cultures will be used to 
investigate the key metabolic step in 
polysaccharide synthesis during the 
induced and in vivo differentiation of 
piant tissue. The date of commence- 
ment for this post is October 1, 1979. 
Applicants should send a curriculum 
vitae and names of two referees to: 
Professor D. H. Northcote, FRS 
Department of Biochemistry, Univer- 
sity of Cambridge, Tennis Court Road, 
Cambridge CRI IQW. 956(A) 


KINGSTON POLYTECHNIC 
SCHOOL OF CHEMICAL AND 
PHYSICAL SCIENCES 
SENIOR TECHNICIAN 


To be responsible for a Life Science 
laboratory, which is used for under- 
graduate teaching, research and project 
work. Duties include microbiology, 
plant studies and tissue culture work 
plus experimental development and 
investigational work. An important 
post requiring someone with initiative 
and enthusiasm, 73/4 grade up to 
£4,983) inclusive. 

TECHNICIAN 

To be responsible for a postgraduate 
research laboratory. Interesting post 
with side variety of duties. Applicants 
will be expected to have at feast ‘A’ 
level chemistry and be able to assist 
research students and = staff. Other 
duties include maintenance and servic- 
ing Of laboratory equipment and other 
general duties, T2 grade up to £3,972 
inclusive. 


Details and application forms from 


Assistant Registrar (personnel), King- 
ston upon Thames KTI 2EE, Tel: 
01-549 1366. 97TA) 


~ 


EDITORIAL RESEARCH ASSIST- 
ANT required to work with Professor 
G. Burnstock in the Department of 
Anatomy, Experience is required in 
biomedical research together with 
ability to edit scientific material, The 
position would also involve helping to 
co-ordinate the research activities of a 
group of research workers including 
postgraduates and postdoctorals from 
overseas. Salary range: £3,074 toa 
£6,368 per annum plus £502 Landon 
Allowance. Applications, together with 
names of two referees and full curri- 
culum vitae to Assistant Secretary 
(Personnel), University College Lon- 
don, Gower St., London WCLE 6BT. 

SO6(A) 





UNIVERSITY OF 
SIERRA LEONE 
NJALA UNIVERSITY 
COLLEGE 


Applications are invited for two 
LECTURERS in the Department of 
Environmental Studies and Geography 
in the Faculty of Education. 


LECTURER IN 
CLIMATOLOGY 


Candidates should have at least a 
second degree with specialisation in 
Climatology. The appointee will teach 
undergraduate courses in Climatology, 
agro-climatology, and participate in 
research on focal environments. An 
interest in biogeography, tropical 
hydrology and moisture problems is 
an advantage. 


LECTURER IN REGIONAL 
SCIENCE AND 
QUANTITATIVE METHODS 


Candidates should have at least a 
second degree with bias for spatial 
analysis. The appointee should be 
able to teach basic concepts of 
quantitative methods to second and 
third year students and act as super- 
visor for final year students preparing 
dissertations. 


Candidates with an option for pro- 
ject evaluation, planning, locational 
analysis and rural development in 
third World Environments are pre- 
ferred. Salary scale: Lecturer: Le4,488 
to Le6,897 per annum. (£1 Sterling 
z= [.e2.21). Family passages; Univer- 
sity Superannuation or contract terms; 
annual leave: car toan negotiated. 
Part-furnished accommodation at rea- 
sonable rental; various allowances. 
Detailed applications {copies} with 
curriculum vitae and naming three 
referees, should be sent direct to the 
Secretary, University Sierra Leone, 
Private Mail Bag, Freetown, Sierra 
Leone by July H 1979. Applicants 
resident in the UK should also send 
one copy of their application to the 
Inter-University Council, 90-91 Totten- 
ham Court Road, Londen WIP ODT. 
Further details may be obtained from 
either address. 966(A) 


a re tl AL ADH 


UNIVERSITY COLLEGE OF 
SWAZILAND 


Applications are invited for the post 


of 
LECTURER 


in the Department of Agricultural 
Economics. Candidates should possess 
an M.Sc, in Agricultural Economics 
with a major in Farm Management. 
Experience in Farm Management and/ 
or in lecturing in this subject would 
be an additional recommendation. 
The appointee will lecture in Farm 
Accounts, Farm Management and in 
other topics relative to Agricultural 
Economics, as required. Salary scales: 
Lecturer 7: £5,940 to £7,860 per 
annum, {£1 sterling = Et.75). The 
British Government may supplement 
salary by £1,650 to £2,184 per annum 
(sterling) for married appointee or 
£408 to £960 per annum (sterling) for 
single appointee {reviewed annually 
and normally free from tax} and 
provide children education allowances 
and holiday visit passages. Family 
passages: 2 to 4 year contracts; if 
appointment for Jimited period 25 per 
tent gratuity in Heu of superannuation 
for first 2 years and 27} per cent for 
second 2 years: 10 per cent inducement 
allowance payable for those not ob- 
taining supplementation from other 
sources, education allowance: reason- 
able rented accommodation; biennial 
leave. Detailed applications (2 copies) 
with curriculum vitae and naming 
three referees to be sent direct to 
Registrar, University College of 
Swaziland, Private Bag, Kwaluseni, 
Swaziland by July 11, 1979. Ap 
plicants resident in the UK should 
also send one copy to Inter-University 
Council, 90/91 Tottenham Court Road, 
London. WIP ODT. Further details 
may be obtained from either address. 
96S(A) 


UNIVERSITY OF 


STIRLING 
DEPARTMENT OF 
BIOCHEMISTRY 


TECHNICIAN GRADE 4 


Applications are invited for the 
above post. Previous experience in 
a Biochemistry Laboratory or 
related science laboratory essen- 
tial. The main duties of the 


successful applicant will be to pre- 


classes and also 
assist in research in the depart- 
ment. Minimum of O.N.C. or 
equivalent qualification essential. 
Salary scale £3,222 to £3,708. 
Application forms are available 
from the Establishments Office, 
University of Stirling, Stirling 
FK9 4LA. Tel: Stirling 3171, Ext: 
2314. Closing date: June 4, 1979, 
938(A) 


pare ‘practical 


Academic Department 
of Child Health 
The Charles Hayward 
Research Building 
Queen Elizabeth 
Hospital for Children 
Hackney Road, London E2 8PS 
A JUNIOR 
MEDICAL LABORATORY 
SCIENTIFIC OFFICER B 


is required to carry out, under super- 
vision, a research project investigating 
lymphoid cells in the small intestinal 
mucosa. The research will involve the 
application of immunological and 
cytological techniques to intestinal 
biopsy samples from children with 
gastrointestinal problems. A knowledge 
of immunology is desirable but not 
essential. Preferred qualifications—a 
Degree or H.N.C. in Biological 
Science. Minimum qualifications: two 
Science G.C.E. ‘A'-levels. Salary (at 
age 2! or over) £3,243 per annum, 
including London Weighting. 
Application forms and further 
information can be obtained from Dr 
J. A. Waiker-Smith. 904(A) 


UNIVERSITY OF OXFORD 


RESEARCH ASSOCIATE 
IN NEUROPHYSIOLOGY 


Applications are invited for this post 
to work on the activity of single 
neurones in visual, limbic, and motor 
areas of the primate brain. The post 


is appropriate for a postdoctoral 
acientist with experience in neuro- 
physiology. 


The salary is on the R.S. 1A salary 
scale, £3,883 to £6,555 (under review). 
Applications in writing to Dr E. 
Rolls, Department of Experimental 
Psychology, South Parks Road, 
Oxford OX! JUD, England. 903(A) 





UNIVERSITY OF 
MANCHESTER 
RESEARCH ASSISTANT 


in the 
DEPARTMENT OF 
CHILD HEALTH 


Graduate with biological qualifica- 
tions required to help with investiga- 
tions into growth and development and 
its control. Salary range £3,689 to 
£5,321 per annum (£3,778 to £5,488 
per annum from October, 1979), 
Applications with full personal details 
to Professor J. Dobbing, The Medical 
School, Oxford Road, Manchester 
MRB OPT. SIS(A} 





POSTDOCTORAL POSITION avail- 
able 2 to 3 years for soil miero- 
piologist interested in characterising 
tropical Rhizobia. Collaborative pro- 
ject with IITA Nigeria. Objective to 
increase nitrogen fixation by grain 
legumes in tropical farming systems. 
Send curriculum vitae and three 
references to Dr Allan Eaglesham, 
Boyce Thompson Institute at Cornell 
University, Ithaca NY 14853 USA. 

WIIT{A) 





ASSOCIATESHIPS 


HERIOT-WATT 
UNIVERSITY 


Riccarton 
DEPARTMENT OF CHEMISTRY 
S.R.C. POSTDOCTORAL 
RESEARCH 
ASSOCIATESHIP 


Applications are invited for the 
above post to study stereochemical 
aspects of some biosynthetic pro- 
cesses involving amino-acids. Ap- 
plicants should be experienced 
synthetic organic chemists, with a 
strong interest in biological 
chemistry. The post is available 
for two years from October Í, 
1979, but a later starting date 
would also be possible. The start- 
ing salary would be expected to 
be on the scale £4,333 to £4,910 
per annum (subject to further 
revision). 

Applications, 
of two referees, 


giving the names 
should be sent 
to Dr R. H. Wightman, Depart- 


ment of Chemistry, Heriot-Watt 
University, Edinburgh EH1I4 4AS8, 
from whom further details can be 
obtained. 954(O) 





CONFERENCES 


CALL FOR ABSTRACTS 
BIOPHYSICAL DISCUSSIONS 
Second Discussion—-May 1980 


PROTEINS AND 
NUCLEOPROTEINS: 
STRUCTURE, DYNAMICS 
AND ASSEMBLY 


The Biophysical Society will hold its 
2nd Biophysical Discussion at Airlie 
House, Airlie, Virginia (near Washing- 
ton, D.C.) on May 18-21, 1980. This 
Discussion will consider recent ad- 
vances in understanding the principles 
of macromolecular structure and 
dynamics. Sessions will be devoted to: 
elucidation of structure by diffraction 
and spectroscopic methods; nature of 
forces Stabilizing macromolecular 
structure; fluctuations in macromole- 
cular structures; and mechanisms of 





folding and assembly. Experimental 
systems to be discussed include 
proteins, viruses, and organelles in- 
volving protein-nucleic acid inter- 
actions. 


Prior to the meeting, all participants 
will receive a study book containing 
the full Discussion papers and poster 
abstracts, There will be no formal 
presentation of papers at the meeting, 
only a five-minute reminder followed 
by open discussion. A $175 fee will 
cover registration, three days’ room 
and board, the study book, and the 
final proceedings volume. 

Papers submitted for the Organizing 
Committee’s consideration are due as 
follows: 

July 16, 1979—-Preliminary abstracts 
(<300 words, to be reviewed and 
selected by August Ist) 

December 1, 1979--Complete manu- 
scripts (to be refereed and selected 
by mid-January) 

The full edited proceedings of ca. 
500 pp, will be published in hardback 
by Rockefeller University Press ($20 
prepublication, $30 after October 
1980). Identical text will be received 
by Biophysical Journal subscribers 
(1980 subscription, 12 issues, $150). 
For these publications, remit to Order 
Service, Rockefeller University Press, 
P.O. Box $108, New York, N.Y. 
10249, USA, £ 

For further information contact 
Valerie Parsegian, Executive Secretary, 
Biophysical Discussions, P.O. Box 
30239, Bethesda, Maryland 20014, 
USA. Phone (202) 362-8184. 

W9C) 
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CONFERENCES —continued 


THREE 
IMPORTANT CONFERENCES 


25 and 26 September 1979 


ADVANCES IN MICROBIOLOGICAL TECHNIQUES 
Foods, Pharmaceuticals and Cosmetics 


in an intensive programme experts from academic and industria! 
establishments will consider the latest techniques for the identi 


- fication and enumeration of micro-organisms. There will also be 


an important session on standards. 


3 and 4 October 1979 

PHOTOGRAPHY IN PRACTICE — 

GETTING SUCCESSFUL RESULTS FROM PHOTOGRAPHIC 
AND VIDEO TECHNIQUES IN SCIENCE AND TECHNOLOGY 


This conference is intended to help the scientist or technologist 


who is not a professional photographer to use photography as an 
effect too! and to obtain improved results for visual aids. There 
will also be review papers on visual psychology and holography. 


22 and 23 October 1979 
INDUSTRIAL APPLICATIONS OF ELECTRON MICROSCOPY 
with particular reference to quality contro! 


In a comprehensive programme acknowledged experts will discuss 
the practical applications of electron microscopy ina wide range 
of industrial situations. In addition to examples from specific 
industries there will be papers on the types of information 
obtainable with EM. 


The venue for all three conferences wil! be the Sudbury Confer- 
ence Centre, London EC1 which is near St. Paul’s Cathedral. 


for further details contact: 

Beverley Humphrey, 

Scientific Symposia Ltd., 

UTP House, 33-35 Bowling Green Lane, 


London ECIR ODA, U.K. Telex: 299049 UTPRES G 955(C) 





ENDOCRINOLOGY °79 
16-19 July 1979 


Organised by the Endocrinology Unit at the R.P.M.S. and held at the 


Royal Coliege of Physicians in London 


PROVISIONAL PROGRAMME 


MONDAY, JULY 16: A. G. E. Pearse, Peptides of the brain and gut: 


P, C. Emson, Neurochemical studies on several brain peptides; S. E. 
Bloom, The endorphins; I. MacIntyre, Inter-relation effects in bone 
and role in cancer hypercalcaemia. 


TUESDAY, JULY 17: ©. D., Whedon, Metabolic and endocrine hormone 


studies in various manned space flights; W. A. Peck, The cellular basis 
of osteoporosis; H, W. Boyer, Advances in molecular biology: implica- 
tions for endocrinology; F. Gautier, Characterisation of porcine para- 
thyroid hormone mRNA, cDNA, and cDNA-pBR322 hybrid plasmids, 
H. M. Kronenberg, Studies of cloned DNA coding for preproparathyroid 
hormone R. A. Hallewell, Studies of expression of human growth 
hormone by E. coli K12; H. M. Goodman, The structure and evolution 
of several mammalian polypeptide hormone genes. 


WEDNESDAY, JULY 18: R. J. Vane, Prostacyclin; H. W. Kosterlitz, 


THURSDAY, JULY 


A. Caniggia, V. 
P. J. Meunier, R. Ziegler, M. F. Holick, O. H. Sørensen, 


: Detalls: g 
an gs oa 
*% SLONDON WI2 OHS. Tel: 01-743 2030, ext, 457 
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Enkephalins: receptors, biosynthesis and release; D. Hudson, An 
investigation of enkephalin-receptor interaction employing isestericaliy 
modified andlogues; J. Alumets: Enkaphalin in intrinsic nerves and 
endocrine cells of the gut and in two rectal carcinoids; A, Dell, Neuro- 
peptides: high resolution purification procedures and their application 
to the study of new opiate peptides and opiate peptide precursors, B. M. 
Austen: Pituitary granules contain a protease specific for consecutive 
basic residues; T. M. Badger, The effects of chronic treatment with 
LHRH and a LHRH agonist (D-Trp*-Pro®-NEt-LRF} on the pituitary- 
gonadal regulation of LH and FSH secretion, P. Bernd, Serotonin 
binding protein—localisation in parafollicular cells of the sheep thyroid; 
L. Orci, Studies in peptide hormone secretion. 

19° L. J. Deftos, Calcitonin: current aspects of 
physiology and pathophysiology; C. Nagant de Deuxchaisnes, Studies in 
osteomalacia; A. W. Norman, Recent advances in Vitamin D metab- 
olism; B. E. C. Nordin, Role of Vitamin D and its metabolites in 
malabsorption of calcium in osteoporosis. 

Fang, M. C. Sheppard, F. G. Hawkins-Carranza, 


G. Mazzuoli, J. C. Ghazarian, J. H. Cort, C. Milet. 
P. Lindsay, Endocrinology °79 
R.P.M.S., Du Cane R 
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COURSES 





UNIVERSITY OF 
SOUTHAMPTON 
M.Sc./Diploma in Biological 
and Chemical Methods in 


Pest Control 


This one-year course, which com- 
mences in October, is open to gradu- 
ates in Biology, Chemistry, Bio- 
chemistry, Agriculture or any related 
subject. It provides instruction in 
modern techniques and methods used 


in pest management, and is parti- 
cularly suitable for graduates in 
Biology or Chemistry who wish to 


become proficient in relevant aspects 
of both subjects. 

Further information may be ob- 
tained from Dr J. W. S. Bradshaw, 
Department of Biology, Building 3, 
The University, Southampton 509 
SNH, please quote reference number 
1902/R/N 933(D) 


STUDENTSHIPS 


UNIVERSITY OF 
LEICESTER 


RESEARCH STUDENTSHIP 


available in the GENETICS DEPART- 
MENT for work leading to a Ph.D. 
in one of the following areas: bio- 
chemical and developmental genetics 
of mouse or Physarum; population 
genetics of small mammals; 
division, surface biogenesis and DNA 
replication (including plasmids) in 
bacteria; molecular structure of human 
and rabbit haemoglobin genes. 
Further details and applications as 
soon as possible to Dr I B. Holland. 
Applicants should have or hope to 
have at least a 2(1) degree in a 
biological science. 939(F) 


UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF 
IMMUNOLOGY 
UNIVERSITY 
POSTGRADUATE 
RESEARCH STUDENTSHIP 


Applications are invited from good 
honours graduates in a biological 
science who expect fo graduate this 
year for a University Postgraduate Re- 
search Studentship to investigate im- 
munological resstance to tumour 
growth induced by pregnancy in experi- 
mental animals. 

The studentship is tenable for three 
years, subject to satisfactory progress, 
commencing in October 1979 and the 
successful candidate will be registered 
for the degree of Ph.D. 

Applications, together with the 
names of two referees, should be re- 








ceived as soon as possible, by The 
Registrar, The University, P.O. Box 
147, Liverpool L69 3BX. Quote Ref: 
RV/613/N. 950(F) 
UNIVERSITY OF 
LIVERPOOL. 
DEPARTMENT OF BOTANY 
S.R.C. 
and 


S.R.C./S.S.R.C, 

RESEARCH STUDENTSHIPS 

Applications are invited for one 
S.R.C. Research Studentship and two 
S.R.C/S.S.RC. Studentships from 
October 1979, The S.R.C. award may 
be used to study any area of Botany. 
The S.R.C./S.\S.R.C. awards will 
normally involve a more applied pro- 
ject supervised jointly by the Botany 
and Industrial Studies Departments. 

Applicants must possess or expect to 
gain a good honours degree in a 
biological science. Areas of research 
interest should be stated in the appli- 
cation, 

Applications, including details of 
academic experience and the names of 
two referees, should be received not 
later than June 8, 11979, by The 
Registrar, The University, P.O. Box 
147, Liverpool L69 3BX. Quote Ref: 
RV/606/N. 889(F) 


UNIVERSITY OF 


NOTTINGHAM 
FACULTY OF AGRICULTURAL 
SCIENCE 


S.R.C. (C.A.S.E.) RESEARCH 
STUDENTSHIP 


Applications are invited for a Re- 
search Studentship to investigate the 
relationship between the structure and 
the texture and appearance of a new 
type of food gelling agent. The pro- 
ject is in conjunction with a leading 
food manufacturer and will be aimed 
at obtaining increased understanding 
of this novel material, The successful 
candidate will be required to adopt 
a multidisciplinary approach and work 
in close collaboration with the Com- 
pany concerned. 

The successful aplicant will be ex- 
pected to register for the degree of 
Ph.D. Candidates holding a degree in 
Chemistry, Physics, Food Science or 
Biochemistry should apply to Dr J. R. 
Mitchell, Department of Applied Bio- 
chemistry and Nutrition, University of 


Nottingham, School of Agriculture, 
Sutton Bonington, Loughborough, 
Leics. LE1I2 SRD, enclosing a brief 
curriculum vitae. 927(F) 


UNIVERSITY OF LONDON 
KING'S COLLEGE 
ZOOLOGY DEPARTMENT 
Applications are invited for 


TWO S.R.C. STUDENTSHIPS 


leading to a Ph.D. degres, from 

applicants who have, or expect to 

obtain this year, a first or upper second 
class degree in Zoology or Biology. 

1. QO.U.O.T.A. Award, to undertake 
research in one of the following 
fields:—— 

(a) ‘Relationship of tow molecular 
weight RNAs to gene activity 
in Amoeba’. Supervisor: Dr 
5, E. Hawkins, 

(b) ‘Structural and physiological 
basis of autotemy in starfish’. 
Supervisior: Dr R. H. Emson, 

{c) ‘Instar development in I-, 2- 
and 3-host ticks’. Supervisor: 
Professor Don R. Arthur. 

2. C.A.S.E. Award, jointly with the 
Pest Infestation Control Laboratory 


of the Ministry of Agriculture, 
Fisheries and Food, for an im 
vestigation of the: behavioural and 
physiological activity of odorous 


(pheromonal) compounds in the rat. 
Supervistor: Dr D. M. Stoddart. 

Application forms and further 

particulars may be obtained from the 

Secretary, Zoology Department, King’s 

College, Strand, London WC2R = 2LS. 
STOP) 


UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF 

THEORETICAL MECHANICS 


S.R.C. 
RESEARCH STUDENTSHIPS 


The Science Research Council is 
prepared this year to offer to suitable 
candidates a limited number of 
research studentships tenable in the 
above department. The main research 
interests in the departiment are in 
various aspects of the theoretical 
mechanics of solids and fluids. One of 
the awards is a C.A.S.E. award in 
collaboration with Rolls-Royce Lid 
on ‘Combustion modelling in reheat 
systems’, Candidates (including those 
expecting to graduate this year) should 
be applied mathematicians, or engin- 
eers or scientists with a strong math- 
ematical background. The value and 
conditions of these awards will be as 
described in §.R.C. publications. 
Applications and requests for further 
details should be made to Professor 
A. 3, M. Spencer as soon as pos- 
sible. 880(F) 
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STUDENTSHIPS—continued 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF BOTANY 


RESEARCH STUDENTSHIP 


Applications are invited for a 
Research Studentship tenable from 
October 1979 to study Biochemical 
Properties of Protoplasts from Asper- 
gillus nidulans. 

Applicants must possess or expect to 
gain a good honours degree in a 
biological science or biochemistry, 
with experience in Mycology, Fungal 
Physiology or Microbiology. 

Applications, including details of 
academic experience and the names 
of two referees, should be received 
not later than June 8, 1979, by The 
Registrar, The University, P.O. Box 
147, Liverpool 1.69 3BXM. Quote Ref: 
RV /605/N. 890 F) 








UNIVERSITY OF 


LIVERPOOL 
DEPARTMENT OF BOTANY 
NERC. 
RESEARCH STUDENTSHIPS 

Applications are invited for two 
Research Studentships tenable from 


October 1979 to study (a) Plant Com- 
munity Dynamics of Heathland 
Colonisation following Severe Disturb- 
ance and (b) ‘Translocation and 
Nutrient Absorption by Rhizomorphs 
of Basidiomycetes. 

Applicants must possess or expect to 
gain a good honours degree in a 
biological science, with experience in 
Ecology, Mycology or Plant Physiology, 

Applications, including details of 
academic experience and the names 
of two referees, should be received 
not later than June 8, 1979, by The 
Registrar, The University, P.O. Box 
147, Liverpool! L69 3IBX. Quote Ref: 
RV /604/N. ROF) 
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UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENT OF CHEMISTRY 
Applications are invited for the 

following CASE Studentships: 

(i) Synthesis of Antibiotics (Pro- 
fessor R. ©. Cookson with 
Glaxo-Allenburys Research Ltd). 

Q Synthesis of Bridged Hetero- 
eyelic Annulenes and Diazepines 
(Dr J. M. Mellor with Roussel 
Labs Ltd). 

(3) Organometallic Complex-Cata- 
lysed Reactions of Iseprene (Pro- 


fessor R. Baker with Bush, 
Boake, Allen Ltd). 
(4) Biologically Active Compounds 


in Insect Tissue (Professor R. 
Baker and Dr J. W. S. Bradshaw 
with May & Baker Ltd). 

The successful candidates will be 
expected to register for a higher 
degree. 

Applications, including the names of 
two referees should be sent to the 
appropriate academie supervisor at the 
Chemistry Department, The University, 
Southampton SO9 SNH, 

GIUE? 
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S.R.C. /C.A.S.E. RESEARCH 
STUDENTSHIP 
DEPARTMENT OF PLANT 
BIOLOGY 
UNIVERSITY OF 
NEWCASTLE UPON TYNE 


Applications invited from persons 
with a first or upper second class 
honours degree, for a C.A.S.E. 


studentship in plant biochemistry. The 
project deals with photorespiration 
and is entitled ‘“‘Metahahe  con- 
sequences of excessive ammonia pro- 
duction in leaves’, Dr A. J. Keys of 
Rothamsted Experimental Station will 
be co-supervisor, 

Details available from Dr ©. V. 
Givan, Department of Plant Biology, 
The University, Newcastle upon Tyne, 
NEL FRU, to whom applications 
should be sent with names of two 
referees. 963(F) 


UNIVERSITY OF SURREY 
DEPARTMENT OF 
BIOCHEMISTRY 
S.R.C. CASE. 
STUDENTSHIP 


Applications are invited fer a 
C.A.S.E. Studentship financed by 
S.R.C. in collaboration with Shell 
Toxicology Laboratory, Sittingbourne, 
Kent, tenable for three years and for 
work on 

Molecular studies of the fidelity 
of DNA repair 

Applicants must have or expect to 
obtain upper second or first class 
honours in Biochemistry or a 
related subject 

Applications with curriculum vitae 
and the names and addresses of two 
referees should be sent to Dr L. J. 
King before June 25, 1979. 

Department of Biochemistry, 

University of Surrey, 

Guildford GUZ SXH. 

Tel: Guildford (0483) BRUT 


Ext. 
499. TF) 





UNIVERSITY OF 


ABERDEEN 
DEPARTMENT OF 
PHYSIOLOGY 


S.R.C, 
RESEARCH STUDENTSHIP 


Applications are invited from 
graduates, or those expecting to 
graduate this summer, for a SRC 
Research Studentship. A variety of 
research topics are available in such 
areas as endocrinology, neurophysio- 
logy, hyperbaric physiology, electro- 
physiology of nerve and muscle, 
haemostatic mechanisms, respiratory 
physiology and muscle physiology. 
Details of academic record, names 
of two referees and requests for 
further information should be sent to 
the Head of the Department of 


Physiology, University of Aberdeen, 
Marischal College, Broad Street, 
Aberdeen ABY TAS. 901(F) 





OXFORD POLYTECHNIC 
DEPARTMENT OF BIOLOGY 


S.R.C. 
RESEARCH STUDENTSHIP 


Applications are invited for Science 
Research Council Studentships in the 
Department of Biology for three years 
from October |, 1979. 

The main research interests in the 
Department are in the areas of Bio- 
chemistry, Animal Physiology, Insect 
Physiology and Biochemical Ecology. 

Applicants must hold, or expect to 
hold, a First or Upper Second Honours 
Degree in an appropriate discipline. 

Applications with the namcs of two 
referees should be made as soon as 
possible to 

David R. Mobbs, 

Head of Department of Biology. 

Oxford Polvtechnic, 

Oxford. OX3 GBP. 
from whom further details are avail- 
able. R82(F) 


N.ELR.C., Unit of Invertebrate 
Virology, Oxford 
N.E.R.C. RESEARCH 
STUDENTSHIP 1979 


Applications are invited for a 
Natural Environment Research Coun- 
cil Studentship to work on the biolo- 
gical and biochemical characterization 
of small RON.A. viruses of inver- 
tebrates. The Studentship will be 
tenable for up to three years from 
October 1979 and the successful ap- 
plicant will be expected to read for 
a higher degree. Applicants should 
have or expect ta obtain a first or 
upper class second degree in a bio- 
chemical er biological subject. 

Applications should be made to Dr 
Norman F. Moore, N.E.R.C., Unit of 
Invertebrate Virology, 5, South Parks 
Road, Oxford OX1 JUB. 

SIHF} 


LIVERPOOL POLYTECHNIC 
DEPARTMENT OF BIOLOGY 


Applications are invited for the following Research Studentships/Research 
Assistantships, tenable for three years, in the Department of Biology. 
Applicants should hold or expect to obtain a first or upper second class 
honours degree in an appropriate biological subject. Successful applicants 
will be required to register for a higher degree with the possibility of this 
leading to a Ph.D. 
1. Ministry of Agriculture, Fisheries and Food Research 
Studentships 


PLANT PATHOLOGY 


Supervisor: Dr. F. M, Jeves 
“Plant pathogenic Phytophthora species in the irrigation water of com- 
mercial nurseries.” 


2. Science Research Council C.A.$.E. Studentship 


MICROBIOLOGY-BIOCHEMISTRY 


Supervisors: Or. C. T. Calam and Dr. G. P. Sharples 

“The physiology and fine structure of actinomycetes during antibiotic 
Production.” 

This studentship is held in collaboration with 1.C.1. Lid, Pharmaceutical 
Division, Manchester. 

3. Natural Environment Research Council Studentship 

One studentship for studies on EITHER 


SOIL ECOLOGY 


Supervisor: Dr, M. S. Luxton 
"Ecology of the soil mites of coal shale waste heaps.” 
OR 


POLLUTION ECOLOGY 


Supervisors: Dr. |. D. Hodkinson and Dr. N. W. Lepp 

"Studies on trace metal transfer from plants to invertebrate herbivore food 
chains.” 

The pollution ecology studentship wili form a part of a team programme 
concerned with various aspects of trace metal pollution studies. 

4. Science Research Council Studentship 

One studentship for studies on one of the following areas: 


GENETICS 


Supervisor: Dr. J. P. Margham 

“Genetics of either flour beeties of the genus Tribolium or the yellow fever 
mosquito Aedes aegypti, with particular reference to insecticide resistance 
studies.” 


DENDROCHRONOLOGY 


Supervisor: Dr. M. K. Hughes 
“The use of X-ray densitometric and other novel tecnhiques in dating 
timbers from buildings and archaeological sites.” 


AVIAN TAXONOMY 


Supervisor: Dr. W., G. Hale 
“Variations in egg shell structure in relation to the classification of the 
Charadriiformes.” 


INVERTEBRATE DIGESTIVE PHYSIOLOGY 


Supervisors: Dr. M. S. Luxton and Dr. R. Gibson 
“The feeding biology and digestive physiology of Arion hortensis.” 
5. Natural Environment Research Council Assistantship 


PALAEOLIMNOLOGY-FRESHWATER 
PALAEOCOLOGY 


Supervisor: Or. G. H. Evans 

“The Late-Quaternary history of the diatom flora of two nutrient rich meres, 
Rostherne Mere (Cheshire) and Ellesmere (Shropshire}, with particular 
reference to the history of eutrophication of these meres.” 


6. Lacal Authority Assistantship 


PLANT ECOLOGY 


Supervisor: Dr. T. C. Marks 

“The growth and reproduction of Spartina townsendii in the Ribble Estuary.” 
Letters of application, together with a full curriculum vitae and the names 
and addresses of three referees, should be sent to the appropriate named 
supervisor(s), from whom further detaiis may be obtained, within three 
weeks of the appearance of this advertisement. The address for correspond- 
ence is: 


Department of Biology. 

Liverpool Polytechnic, 

Byrom Street, 

Liverpool L3 3AF. 
informal telaphone enquiries will be weicomed: Tel STD (051) 207 3581. 
936{F} 


Piease Quote Reference LP/293. 





annum) will be tenable for three years. 
The student may register for a PhD. 
The research, on ‘The Regulation of in 
acAmylase in Pregerminating Wheat’ 
will be in collaboration with the Flour 
Milling and Baking Research Associa- 
tion. 


expect to get, a First or Upper Second 
Class degree, and should contact Dr 
D. E. Briggs,, Department of Bio- 
chemistry, University of Birmingham, 
P.O. Box 363, Birmingham BIS 2TT 


(Tel. 021-472-1301 ext. 2492). ment of Astrophysics, te 
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UNIVERSITY OF OXFORD 
M.R.C. STUDENTSHIP 


NUFFIELD DEPARTMENT OF ANAESTHETICS 
RADCLIFFE INFIRMARY, OXFORD 


Applications are invited for a M.R.C./D.Phil. studentship in 
an active clinical research department, from September/ 
October 1979. The studentship will be in applied respiratory 
physiology. It will deal with practical and theoretical problems 
of lung volume measurement and in-vivo blood-gas analysis 
in the animal laboratory, the Intensive Therapy Unit and the 
Operating Theatres. 

Applicants should have, or expect to gain, a good honours 
degree in Physiology. Applications, enquiries and further details 
can be obtained from: 


Dr C. E. W. Hahn or Dr A. M. S. Black, 
Nuffield Department of Anaesthetics, 
Radcliffe Infirmary, 

Oxford OX2 6HE. 


Telephone: Oxford (0865) 49891 
Ext. 892 (Dr Hahn) 
Ext. 6069 (Dr Black). 


UNIVERSITY OF READING 
DEPARTMENT OF FOOD SCIENCE 


S.R.C. C.AS.E. STUDENTSHIP 


(in association with Unilever Research Laboratory, Sharbrook) 


Applications are invited from persons possessing, or expecting to obtain, 
an Honours Degree (l or H(G) in a relevant science (e.g. Microbiology, 
Biochemistry, Chemistry, Food Science) and who wish to proceed to a 
higher degree by research. 


The project is concerned with the mechanisms of the survival of 
Salmonella in foods. 


Applications stating age and qualifications and naming two referees 
should be sent no later than June 8, 1979 to Dr W. F. Harrigan, Depart- 
ment of Food Science, University of Reading, London Road, Reading 
RGI SAQ. 886(F) 





UNIVERSITY OF READING 
DEPARTMENT OF ZOOLOGY 


S.R.C. AND N.E.R.C, RESEARCH STUDENTSHIPS 


SRC. and N-E.R.C. supported Studentships are available in the 
following projects: 
1 Effects of water on mechanics of soft tissues. 
Epidemiology of parasites in wild mammals. 


4 

3. The physiology of abnormal development in utero. 

4 Behaviour sequence analysis using observation and physiological 

monitoring. 
§ Trace element metabolism of crayfish. 
Applicants should write in the first instance to Professor K. Simkiss, 

Department of Zoology, University of Reading, Whiteknights, Reading 
RG6 2AJ giving a curriculum vitae and the names and addresses of 


two referees. Closing date will be June 6, 1979, 884(F) 


INIVERSITY OF 


BIRMINGHAM DEPARTMENT OF ASTROPHYSICS 
DEPARTMENT OF a sae A 
eee RESE an STUDENTSHIP 
S.R.C./CAS.E. SEARCH > NISHI 
STUDENTSHIP Applications are invited from 


; yersons holdin or  expectin 
This award (S.R.C. plus £400 per | Pecei £ ae 
physics 


Honours degree in 


Physical Laboratory, Teddington, 


Applicants should have, or should 
peratures by radiative techniques. 

Applications with the names 
addresses of two referees and 
curriculum vitae should be sent 


9511F) Road, Oxford OXI 3RQ. 





UNIVERSITY OF OXFORD 


recejve a First or Upper Second Class 


astronomy for a C.A.S.E. Studentship 
conjunction with the National 


work on the accurate determination of 
atomic transition probabilities, with 
applications in astrophysics, and on the 
accurate measurement of high tem- 


Professor D. E. Blackwell, Depart- 


-Nature Vol. 279 


CITY OF BIRMINGHAM 


POLYTECHNIC 
DEPARTMENT OF SCIENCE 
(BIOMEDICAL SCIENCE) 


M.R.C. | 
RESEARCH STUDENTSHIP 


Applications are invited for an 
M.R.C. Studentship commencing 
on October I, 1979. The project 
is concerned with the investigation 
of malaria Plasmodium berghei) to 
infected mouse blood for the pre- 
sence of potential haemolytic fac- 
tors. The work will involve a wide 
range of analytical techniques in- 
cluding isolation of parasites from 
host cells. 

Applicants should have, or expect 
to obtain, a First or Upper Second 
Class Honours degree in Biochem- 
istry, Biological Sciences or related 
subjects, and an interest in Parasi- 
tology. The value and conditions of 
the award will be those of M.R.C. 
studentships. 

Applications giving a full curri- 
culum vitae and names and addres- 
ses of two referees should be sent 
as soon as possible to Dr M. G. N. 
Angus, Deparment of Science, City 
of Birmingham Polytechnic, Fran- 
chise Street, Birmingham B42 2SU 
from whom further details may be 
obtained (Tel. 021-356-6911 Ext. 
253). 865(F) 





UNIVERSITY OF 


LIVERPOOL 
DEPARTMENT OF PHYSIOLOGY 


C.A.S.E. STUDENTSHIP 


Applications are invited for an 
S.R.C. C.A.S.E. Studentship to work 
on the development and application of 
immunochemical methods in studies on 
the chemistry and metabolism of active 
peptides in brain and gut. The indus- 
trial sponsor will be Reckitt and Col- 
man Ltd. Candidates should possess or 
expect to obtain a good honours degree 
in Biochemistry or a related subject 
and should have an interest in peptide 
synthesis. 

Applications, together with the 
names of two referees, should be re- 
ectived as soon as poss"ble, by The 
Registrar, The University, P.O. Box 
147, Liverpool L69 3BX. Quote Ref: 
RV/6E2/N. 949(F) 





UNIVERSITY OF DURHAM 
DEPARTMENT OF CHEMISTRY 
S.R.C. C.A.S.E. STUDENTSHIP 


Applications are invited for a 
C.A.S.E. studentship, in collaboration 
with A.E.R.E Harwell, for the ‘Study 
of Adsorbed Species Using Inelastic 
Neutron Scattering Spectroscopy. The 
studentship is available from October 
1979 for candidates interested in the 
vibrational spectroscopy and structure 
of small molecules adsorbed in zeolite 
frameworks and on metal powders. 
Experimental work will be carried out 
in Durham, A.E.R.E. Harwell and 
at the Institut Laue Langevin in 
Grenoble, France. It is expected that 
some of the experimental measure- 
ments will be made using the Harwell 
Linear Accelerator which is nearing 
completion. 

This topic offers the opportunity to 
gain experience in a wide range of 
preparative, analytical and spectro- 
scopic techniques, together with 
experience in using cryogenic, vacuum 
(medium and UHV) and complex, 
computer controlled experimental ap- 
paratus. 

The research will be conducted 
under the supervision of Professor 
T. C, Waddington and Dr J. Howard. 
Standard S.R.C. rates plus £300 per 
annum for a suitably qualified candi- 
date. Applicants should possess, of 
expect to obtain, a Ist or upper 2nd 
class honours degree in chemistry or 
chemical physics. 

Further details can be obtained from 
Dr J. Howard, Chemistry Department, 
University of Durham, South Road, 
Durham DH! 3LE. S31(F) 


24 May 1979 





UNIVERSITY OF BATH 
SCHOOL OF BIOLOGICAL 
SCIENCES 


RESEARCH STUDENTSHIP 
IN PLANT PATHOLOGY/ 
BIOCHEMISTRY 


Applications are invited from 
students having, or expecting, a good 
honours degree in biology or bio- 
chemistry (preferably including courses 
in plant pathology and pilant physi- 
ology}. 

The project will investigate the role 
of plant cell walis in resistance to 
fungal pathogens, especially w.r.t. the 
interaction between host cell wall and 
microbial cell wall-degrading enzymes. 
The study will involve enzyme purifi- 
cation and characterisation, extraction 
of plant cell walls and lectins, growth 
of biotrophic fungi in vitro and elec- 
tron microscopy. 

The position is available from 
October 1979 and the applicant will 
register for a M.Sc./Ph.D. 

Applications with curriculm vitae 
and names of two referees should be 
sent to Dr R. M. Cooper, Crop Pro- 
tection Group, School of Biological 
Sciences, University of Bath, Bath 
BA2 7AY. SIHF) 





UNIVERSITY OF 
ABERDEEN 
S.R.C. STUDENTSHIP 


Applications are invited for a three- 
year research studentship awarded to 
this Department by the Science Re- 
search Council. Students interested in 
the fields of Vertebrate or Invertebrate 
Physiology or Evolutionary Ecology 
Geckos should write immediately to the 
Head of Department of Zoology, Uni- 
versity of Aberdeen, Tillydrone Ave- 
nue, Aberdeen, ABS 2TN. 900(F) 





UNIVERSITY OF 
NOTTINGHAM 


School of Agriculture 
SUTTON BONINGTON 
LOUGHBOROUGH 


S.R.C. C.A.S.E. RESEARCH 
STUDENTSHIPS 


Applications are invited from per- 
sons holding or expecting to obtain a 
good honours degree in an appropriate 
field for the following awards. 

Department of Agriculture and 
Horticulture (2 awards) 

I. An investigation into the agrono- 
mical and physiological factors 
affecting the production of 
cereals for seed, Particular 
emphasis will be placed on 
optimising the production of 
numbers of grain suitable for 
seed. The collaborating body is 
Rothwell Plant Breeders. (Dr 
J. S. McLaren) 

2. A study of environmental factors 
affecting cereal growth and de- 
velopment in relation to an 
accurate computer simulation 
mode! of feid performance. The 
project will be primarily con- 
cerned with leaf growth, canopy 
development and water relations. 
The collaborating body is the 
Meteorological Office (Bracknell). 
(Dr J. S. McLaren). 

Department of Applied Biochemistry 

and Nutrition. 

The project is concerned with the 
synthesis and deposition of the pro- 
teins in wheat grains. The colla- 
borating company is RHM Research 
Ltd. (Dr G. C. Blackwood) 

Department of Physiology and 
Environmental Studies. 

The project is concerned. with 
physiological studies on seed germi- 
nation in sugar beet. The collaborating 
company is a well known Sugar Beet 
Breeding Company. (Prof. J 
Whittington and Dr D. Grierson). 

Further details about these projects 
can be obtained from the members 
of staff mentioned but potential can- 
didates are advised to submit as soon 
as possible a full curriculum vitae 
including previous education and cur- 
rent courses, the names and addresses 
of two referees and where possible a 
telephone number. 930 F) 
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STUDENTSHIPS—continued 





QUEEN ELIZABETH 
COLLEGE 
Kensington | 

(University of London) 

N.E.R.C, STUDENTSHIP 
Species diversity in fluctuating 
and constant environments 
Applications are invited for the 
above Studentship, tenable for a 
period of 3 years, under the direction 
of Dr M. J. Bazin, Department of 
Microbiology, Queen Elizabeth College, 
Campden Hill, London W8 TAH, to 
whom applicants should send a curri 
culum vitae together with the names 


and addresses of two referees. 
863(F3 
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QUEEN ELIZABETH 
COLLEGE 
Kensington 

(University of London) 

DEPARTMENT OF PHYSIOLOGY 
S.R.C. 
RESEARCH STUDENTSHIP 


Applications are invited from good 
Honours graduates in biological 
sciences {e.g., Physiology, Bio- 
chemistry) for a PhD. research 
studentship funded by the Science 
Research Council. The = successful 
applicant will join Professor D. L. 
Yudilevich’s research group which is 
currently investigating in vive the 
transport of radioactively labelled 
organic molecules (amino acids, sugars, 
hormones and drugs) in the perfused 
placenta and salivary gland. The 
applicant would be encouraged to 
extend these studies to the blood-brain- 
barrier (pial capillaries) and will 
receive all the necessary assistance 
from the group. 

The Physiology Department at Queen 
Elizabeth College is active in research 
and very well-equipped for the pro- 
posed project. 

The studentship is tenable for three 


years Starting October 1, 1979, Re- 
quests for further information and 
applications, including a fall cur- 


riculum vitae and the names of two 
referees, should be made to Professor 
D. L. Yudilevich, Department of 
Physiology, Queen Elizabeth College, 
Campden Hill Road, London W4 7AT, 
ORF? 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF PHYSICS 


RESEARCH STUDENTSHIP 


An S.R.C. Studentship is availiable 
in the Condensed Matter (Experi 
mental) Group for the study of lonic 
Liquids. The project will involve the 
application of Neutron Diffraction 
techniques and use will be made of 
the neutron beam facilities at 


A.E.R.E., Harwell and the LEL., 
Grenoble. Data processing will be 
undertaken on the Cyber 773 at 
Leicester. 


The studentship provides an opportu- 
nity to join an active research group 
ihat is currently engaged on a number 
of inter-related projects that are not 
only of great fundamental unportance 
but are also relevant to the needs ou 
modern technology. 

All enquiries concerning this student- 
ship should be made to Dr R. A. 
Howe, Department of Physics, Uni- 
versity of Leicester LEL 7RH. 

HFIEF?) 





FELLOWSHIPS 


UNIVERSITY OF YORK 
DEPARTMENT OF BIOLOGY 


A.R.C. POSTDOCTORAL 
RESEARCH FELLOWSHIP 
IN CHLOROPLAST 
BLOCHEMISTRY 


Applications are invited for a post- 
doctoral Research Fellowship to im 
vestigate the characteristics and 
control of chloroplast division in 
wheat leaves under the direction of 
Professor Rachel Leech. The project 
will invelve the study of the role of 
the nuclear genome in the regulation 
of chloroplast division. Preference will 
be given to applicants with experience 
in both plant biochemistry and plant 
ultrastructure. 

The appointment, which will be on 
Grade JA of the national salary 
scales for research staff, will be for 
three years. 

informal enquiries and further 
particulars from Professor R, í. 
Leech, Department of Biology. Two 
copies of applications, giving a cur- 
riculum vitae and the names of two 
referees, should be sent by Friday, 
June 8, to the Registrar, University 
of York, Heslington, York, YO! SDD. 
Please quote reference number 
11/6105. SINE) 


EMBO 


European Molecular Biology Organization 


LONG TERM FELLOWSHIPS IN 
MOLECULAR BIOLOGY 
AUTUMN 1979 AWARDS 


Next deadline: August 31, 1979 


EMBO long term fellowships are initially awarded for one 
year. Applications for a renewal for a second year and sub- 
sequently in cases of exceptional scientific merit for a third 


vear are considered. 


To be eligible a candidate must hold a doctor's degree. 
Preference will be given to European and Israeli applicants 
wishing to work within Europe or Israel. EMBO long term 
fellowships are not, however, awarded for exchanges between 
laboratories within any one country. Applications for fellow- 
ships to be held outside Europe and Israel are considered but 


they have 


a lower priority, as do applications from non- 


European scientists wishing to work in Europe or Israel, 


Successful applicants will be notified of their awards on 
October 29, 1979. 


Eurther details and application forms may be obtained from 
Dr J. Tooze, Executive Secretary, European Molecular Biology 
Organization, 69 Heidelberg 1, Postfach 1022.40, F.R. Germany. 


WI1260E) 





CSIRO 


xxvii 


AUSTRALIA 


Postdoctoral Research Fellow 


Division of Materials Science 
Parkville Victoria 


CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 7,000 
employees-——2,400 of whom are research and professional scientists 
—located in Divisions and Sections throughout Australia. 


Field: CATALYSIS 


General: The Division is engaged in a broad area of Surface 
Science, Materials Research and Production Technology. It operates 
laboratories at Parkville, Fitzroy and Fishermen's Bend in Victoria 
and at Woodville in South Australia. The appointee will be located 
at the Catalysis and Surface Science Laboratory, University of 


Melbourne, Parkville, Victoria. 


Duties: To participate in a research group studying catalytic 
processes for fuel synthesis, particularly the use of new zeolite 


catalysts. 


Qualifications: A PhD degree in Chemistry or Chemical 
Engineering or equivalent qualifications. 

Salary: Research Scientist $A15,422—$A1 8,904 pa or Senior 
Research Scientist $A19,572—$A22,405 pa. 

Tenure: The Fellowship will be for a period of five years. 

Applications IN DUPLICATE, stating full personal and 
professional details, the names and addresses of at least two 
professional referees, and QUOTING REFERENCE NUMBER 
370/346 should reach The Personnel Officer, Australian Scientific 
Liaison Office, Canberra House, 10-16 Maltravers Street, London 


WC2R 3EH, by 23rd June, 1979. 


Applications in U.S.A. and Canada should be sent to The 
Counsellor Scientific, Embassy of Australia, 1601 Massachusetts 


Avenue, N.W., Washington, D.C., 20036, U.S.A. 


An Taisce 


916(A) 


The Heritage Trust 


HERITAGE GARDENS FELLOWSHIP 


An Taisce—the National Trust for Ireland intends to appoint 
a person to catalogue plant collections in Irish gardens of 
international importance and to undertake related research. 
The person, based at the National Botanic Gardens, Dublin, 
will be required to spend most of the time working in gardens 
throughout Ireland. The fellowship is for an initial one year 
period renewable annually up to three years. A University 
degree or diploma in botany or horticulture with experience 
in horticulural taxonomy and plant identification. 


Salary: £3,500 to £5,000; assistance will be given with transport 


and accommodation in the field. 


Due to the present postal difficulties in the Irish Republic, 
intending applicants should telephone An Taisce (Dublin 
681944) for further information and application details. 


UNIVERSITY OF 
SOUTHAMPTON 
Insect Chemistry 


Two postdoctoral research fellow- 
ships are available for October 1, 
i979, to work in a large group con- 
cerned with the Chemistry of Insects. 
Both of the positions will be concerned 
with Organic synthesis of biologically 
active compounds but other studies 
will alsa be associated with the 
isolation of compounds involved in 
insect communication, The post will 
involve some collaboration with Bio- 
logists but no previous experience of 
biology is required. 

Organic Chemistry 

A fellowship is also available on a 
project concerned with the use of 
organometallic complexes in organic 
synthesis. 

Salary within the range £4,333 to 
£4,910, 

Applications, including brief cuf- 
riculum vitae and the names of at 
least two referees, should be sent, as 
soon as possible, to Professor 
R. Baker, Chemistry Department, 
Southampton University, Southampton 
$09 SNH. Ref. No. N, 878(E) 


WIJHE) 





UNIVERSITY OF 
BIRMINGHAM 
DEPARTMENT OF 
MICROBIOLOGY 
POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Biochemist or chemical microbi- 
ologist needed to purify cell-wall com- 
ponents responsible for the resistance 
ef genococci to killing by human 
phagocytes, The project, which relates 
to a gonoceccal vaccine, is supported 
by the Medcal Research Council for 
three years from October 1, 1979. 

Salary will be in the Research Fel- 
low IA range £4,333 to £7,521, plus 
superannuation. Maximum starting 
salary will be £5,199, 

For further details apply to Profes- 
sor H, Smith, Department of Micro- 


biology. 
Applications (3 copies) including 
full curriculum vitae and naming 


three referees should be sent to the 

Assistant Registrar, Science and 

Engincering, P.O. Box 363, Univer- 

sity of Birmingham Bis ZTT, by 

Friday June 15, 1979. 

Please quote reference NMS. 
RERE) 





FELLOWSHIPS—continued 





UNIVERSITY OF 


SOUTHAMPTON 
SCHOOL OF BIOCHEMICAL 
AND PHYSIOLOGICAL SCIENCES 
Applications are invited for a 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


in the Nutritional Group of the School 
of Biochemical and Physiological 
Sciences to work in collaboration 
with Dr D. A. York on an investi- 
gation of membrane composition and 
tunction of obese mice. 

Three years postgraduate experience 
in Biochemistry (preferably in some 
aspect of lipid or membrane research) 
is essential for this appointment, 
which will be for two years, comi- 
mencing by September 1, 1979 or as 
soon as possible thereafter. Starting 
salary £4,776 per annum. USS bene- 
fits. 

Applications in the form of curri- 
culum vitae and the names of two 
referees should be sent as soon as 
possible to Mrs P. Vaughan-Smith, 
The University, Southampton, 509 
SNH, quoting reference [072/R/N 

874(E) 





ee erect. 


UNIVERSITY OF WARWICK 
RESEARCH FELLOWSHIP 
IN CONTROL THEORY 


Applications are invited for the 
above post tenable for two years in 
the area of nonlinear control theory 
in the Control Theory Centre of the 
Department of Engineering. Appli- 
cants should have a Ph.D. in Con- 
trol/Systems Theory or Mathematics 
with an interest in Control Theory. 
Salary on the Rescarch Range IA 
scale: £3,883 to £6,555 pa. (under 
review), Application forms and 
further particulars from the Academic 
Registrar, University of Warwick to 
whom applications should be sent as 
soon as possible, Please quote Ref. 
No: 39/44/79. 866(E.) 





UNIVERSITY OF 


SOUTHAMPTON 
SCHOOL OF 
BIOCHEMICAL 
AND 
PHYSIOLOGICAL SCIENCES 
BIOCHEMISTRY DEPARTMENT 


POSTDOCTORAL 
RESEARCH FELLOW 
BIOORGANIC CHEMISTRY 


Applications are invited for a 
POSTDOCTORAL FELLOWSHIP in 
the field of Bioorganic Chemistry. The 
successful candidate will participate in 
studies in the Biosynthesis of Natural 
Compounds. Applicants should have at 
least three years postgraduate experi- 
ence in synthetic organic chemistry and 
should also be conversant with some 
basic biochemical techniques. A 
knowledge of HPLC and the use of 
radioisotopes is also desirable. The 
work will entail the synthesis of 
labeled precursors and their incorpora- 
tion into natural products in bio- 
logical systems. The appointment is 
for one year in the first instance 
commencing immediately, with the 
possibility of an extension for a 
second year. 

Starting salary £4,776 
U,S.S. benefits. 

Applications 


per annum. 


with date of birth, 
curriculum vitae and the names of 
three referees should be sent to Mrs 
P. Vaughan-Smith, The University, 
Southampton SO9 5NH, by June 15, 
1979, Please quote reference 1074/R/ 
N. RR ICE) 


amea ia aei 


POSTDOCTORAL FELLOWSHIP: 
candidates with experience in molveulor 
biology, protein- or nucleic acid 
chemistry. Applications to; Dr Gernot 
Walter. Institut für Immunbiologie der 
Universität Freiburg, Stefan-Me'er-Sir. 
8. D-7800 Freiburg. W-Germany. 

WI32CE) 


UNIVERSITY OF WARWICK 
POSTDOCTORAL 
RESEARCH FELLOWSHIP 
in 
BIOLOGICAL SCIENCES 


Applications are invited for a posi- 
tion as Research Fellow in a small 
group studying the ecology of aquatic 
viruses. The project will involve 
studies of (a) environmental effects on 
bacteriophage multiplication, (b) phage 
infection of microbes attached to 
surfaces, {c) genetic interactions 
(phage-host and phage-phage) in aqua- 
tic habits. Ideally, applicants should 
have a Ph.D. in Microbiology. 
Previous experience with bacterio- 
phages and/or an interest in mathe- 
matical modelling would be an advan- 
tage. The appointment is funded by 
the Natural Environmental Research 
Council for three years commencing 
in October 1979. The starting salary 
will be £3,883 on the Research Range 
IA scale. £3,883 to £6,555 per annum 
(under review). Applications (two 
copies) either typewritten or in black 
ink, giving details of age, qualifica- 
tions and experience and the names of 
two referees should be sent to the 
Academic Registrar, University of 
Warwick, Coventry CV4 7AL, quoting 
Ref. No: 41/A/79, as soon as possible. 
Informal enquiries to Dr S. 
Primrose, Department of Biological 
Sciences, by letter or telephone 0203 
24011, ext. 6019. 869(E) 





GRANTS 





UNIVERSITY OF 
LEICESTER 
RESEARCH 


leading to Higher Degrees in the 
DEPARTMENT OF CHEMISTRY 


Grants are available for research 
studies leading to the degree of PhD. 

Research is active all branches of 
Chemistry, examples being: Organo- 
phosphorus Chemistry, Inorganic Fluo- 
rine Chemistry, all forms of Spectro- 
scopy including E.s.r. Spectroscopy, 
Radiation Chemistry, and the Study of 
Solvation. 

Applications are invited from persons 
holding, or hoping to be awarded dur- 
ing 1979, a degree with First or Second 
Class Honours (Upper Division) in 
Chemistry, or equivalent qualifications, 

For further information and applica- 
tion forms please write to Professor 
M. C. R. Symons, Department of 
Chemistry, University of Leicester LEI 
TRH. 896(H) 


NARARANASAN 


ASSISTANTSHIPS 





UNIVERSITY OF GLASGOW 
DEPARTMENT OF 
MICROBIOLOGY 


RESEARCH ASSISTANT 


A postgraduate research assistant- 
ship, funded by the SRC., is 
available for work on the mechanism 
of action of the thymidine analogue 
bromodeoxyuridine during bacterial 
growth and differentiation, Applicants 
should possess, or expect to obtain, a 
degree in microbiology or related 
discipline and have an interest in 
microbial physiology and genetics. 

The appointment is for two years, 


from September l, 1979, with an 
initial salary of £3,689 per annum 
tunder review) on scale IB for 


research and analogous staff. 

Applications, including a brief cur- 
riculum vitae and the names and 
addresses of two referees, should be 
sent to Dr J. E. Coote, Microbiology 
Department, University of Glasgow, 
Garscube Estate, Bearsden, Glasgow 
G6! !QH, as soon as possible. 

In reply please quote Ref. No. 
4457M. 870(P) 


UNIVERSITY OF GLASGOW 
RESEARCH 
ASSISTANTSHIP/ 
LECTURESHIP IN PHYSICS 


The University of Glasgow wishes 
to expand its research on gravitational! 
wave detection and offers a special 
appointment in the Department of 
Natural Philosophy for work in this 
field. For the first three years from 
October 1, 1979, the post will be sup- 
ported by a research grant made by 
the S.R.C. to the University in support 
of the work of Professor R. W. P. 
Drever and his group and at the end 
of this period it will be taken over 
by the University as a tenured lecture- 
ship. The research programme includes 
development and use of gravitational! 
wave detectors using laser inter- 
ferometry and other techniques. 
Correlated observations made with 
gravitational wave detectors at Glas- 
gow and at California Institute of 
Technology are envisaged. A suitable 


applicant might be an experimental 
physicist or electrical engineer with 
at least three years postdoctoral €x- 
perience. Previous work on highly 


sensitive or high precision experiments 

in any field could be an advantage. 
Initial appointment will be at Re- 

search Assistantship level within Range 


IA of the Research and Analogous 
Staff Scales (£4,910 to £6,355), with 
placement according to qualifications 


and experience. Appropriate 
annuation scheme will apply. 
Further particulars may be obtained 
from the Secretary of the University 
Court (Room 18), University of 
Glasgow, Glasgow G12 8QQ, with 
whom applications (8 copies), giving 
the names and addresses of three 
referees, should be lodged on or 
before June 22, 1979. 

In reply please quote Ref. No. 
4459M 942(P) 


super- 


UMIST 
RESEARCH ASSISTANT 


A Research Assistantship is avail- 
able in the Department of Chemistry 
to work with Dr. C. A. McAuliffe 


on a project aimed at developing a 
facile reversible molecular hydrogen 
storage system based on simple 


transition metal complexes. This post- 
doctoral position would suit a synthe- 
tic transition metal chemist or a 
physical chemist interested in adsorp- 
tion of gases on solid surfaces. An 
interest in spectroscopic techniques 
applicable to surface phenomena and 
in ep.r. would be an advantage. The 
appointment will be initially for one 
year. 

Salary is on the range £3,883 to 
£4,382 per annum (under review). 

Application by letter, quoting Te- 
ference CH/73/Al including a curri- 
culum vitae plus the names of two 
referces should be addressed to Dr. 
Cc. A. McAuliffe. Department of 
Chemistry, UMIST, P.O. Box 88, 
Manchester, M60 1QD (Phone 061- 
236 3311 Ext. 2098). 895(P) 
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UNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF GEOLOGY 
ASSOCIATE 
RESEARCH ASSISTANTSHIP 


POSTDOCTORAL 


This post, funded by the N.E.R.C. 
over a d-year period, is for an experi- 
mentalist to study the influence of 
cavities and cracks on mechanical 
properties of rocks under conditions 
simulating those in the Earth's crust 
and mantle. The research will 
utilise high pressure/high temperature 
apparatus already available at U.C.L. 


but the A.R.A. will be expected to 
develop techniques for measuring 
acoustic velocity in samples under- 


going deformation. An interest in the 
theoretical interpretation of materials 
deformation and/or the study of 
microstructures by electron and optical 
microscopy will be welcome. The 
research is supported by good labora- 
tory and workshop facilities, technica! 
staff, and grant for equipment, and 
has important applications in crustal 
deformation and fracture, the move- 
ment of fluids in the crust, and in the 
interpretation of geophysical observa- 
tions related to crustal structure and 
geodynamics. 


Salary range £4,261 to £4,805 plus 
£502 London Allowance; U.S.5. 
For further details write to Dr 


S. A. F. Murrell, Department of 


Geology, University College London, 
Gower St., London WCIE 6BT, to 
whom applications, including curri- 


culum vitae and the names of two 
referees should be sent by July 20, 
1979. 905(P) 





IMPERIAL COLLEGE OF 
SCIENCE AND 


TECHNOLOGY 
DEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSISTANTSHIP 


A postdoctoral Research Assistant isi 
required for Freeze-Etch Investigations: 
of Synapse and Cell Membrane 
Ultrastructure in Muscles affected by 
Muscular Dystrophy. Previous €x- 
perience in Membrane Research and 
Electron Microscopy is desirable. The 
successful applicant will join an 
active, well-equipped research group, 
preferably starting on October I, 
1979. 

The position, supported by the Well-: 
come Trust, is for an initial period of 
one year, with the possibility of 
extension for a second year. The 
starting salary (according to age an 
experience) will be between £4,762 and 
£5,835, including London Allowance 
and U.S.S. benefits. 

Applications, including a curriculum 
vitae, the names of two referees andi 
a full statement of research interests 
and experience, should be sent to 
Dr David Shotton before June 20, toi 
the Department of Biochemistry, 
Imperial College, London SW? 2AZ. 
England, or subsequently to the 
Marine Biological Laboratory, Woods 
Hole, Mass. 02543, U.S.A. 

926(P) 


DOSa 


SYMPOSIUM 


CATALYSIS AND CONTROL OF 
POLYMERISATION 


The 8th Biennial 


Manchester Polymer Symposium wiil be held at 


UMIST on Tuesday and Wednesday, April 1 and 2, 1980. 


Aspects of the control of the structure of commodity polymers by the 
choice of Ziegler-Natta catalysts wi 
Lecturers will 


include Dr D. 
P. 5. T 


Tait (UMIST) and Professor P. 


ll be discussed on the first day. Invited 
Ballard (ICI Corporate Laboratory), Dr 


Teyisse (Liege). Catalysts for 


speciality polymers will provide the topic for the second day when In- 


vited Lecturers will include 
fessor C. H. Bamford (Liverpool). 


The programme will 


also provide 


Professor G. Wegner (Freiburg) and Pro- 


time for a limited number of 


Contributed Papers. Offers of contributions should be sent to Dr A. 


Dunn at the UMIST Chemistry De 


partment before July 16, 1979. 


The symposium programme will be available in December 1979: re- 
quests for copies should be addressed to Barbara Halloran, UMIST, P.O. 


Box 88, Manchester M60 IQD. Tel. 





(061) 236 3311, Ext. 2753. 
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The new 

BDH NPK Soil Testing 
AN r Kit provides 
an ideal means of 
determining fertiliser 
requirements 
for a variety of 
field crops. 





~ Developed in collaboration 


with the NVRS, 
Full details available from 7 Wellesbourne 


BDH Chemicals Ltd Poole BH12 4NN Tel: (0202) 745520 
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Your DNA research should have a happy ending. 


Happy Endings. 


That's why Miles has developed enzymes that cleave no mystery. 


and splice DNA easily and accurately. 


All of our restriction 
nucleases~such as Eco RI- 
specifically cleave DNA 
within certain well-defined 
base sequences, And to 
make sure you're happy 
with the cleaved ends, 
we include a sample 
of lambda DNA for 
verification of enzyme 
activity... so you never risk 
your research DNA. The 
results of our stringent 

specification tests are 
reported on the chemical 


Circle No. 03 on Reader Enquiry Card. 


So 30T MILES LABORATORIES INC, 


Piease supply more information about: 
M Restriction nucleases [] DNA ligase [) Terminal transferase 


[7] Please send a current Miles Biochemical Catalog. 
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Research Products Division Miles Laboratories, Lid. | 

Miles Laboratories, Inc. PO Box 3% 

PO. Box 2000 Stoke Court, Stoke Poges 

Elkhart, IN 46515 Slough SLZ 4LY. England 

Tel 219-264-8804 Tel Farnham Common 2151 





credential that accompanies each order. No surprises, 


And, for recombinant DNA, we have terminal 


transferase to add dA and 
dT segments and DNA 
ligase to splice fragments _ 


together. 


Restriction nucleases, 
terminal transferase, DNA 
ligase. Miles enzymes for 
happy endings...and 


beginnings. 


Research Products 
Division 


Miles enzymes for the cleaving and splicing of DNA. 
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: Solving the Mystery 
Professor John Imbrie and 
Katherine Palmer Imbrie 


et prea HE eral rs reana A Aerator 


Knowledge that the world once endured an ice age has been 
widespread for more than a century. Indeed, the concept is now 
so familiar that nearly every winter storm prompts dramatic 
headlines: ts a new ice age upon us? 


This book tackles that burning question and attempts to unfold, for 
the interested general reader and those with a more academic 
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Recombinant DNA: 


now is the time for Congress to act 


Ever since scientists first suggested that the uncertainties 
of recombinant DNA research made it advisable to agree 
on guidelines for containment levels, there has been no 
logical reason why research in private industry should be 
carried out under different conditions from university 
laboratories. After all, the essential concern has been over 
the potential health risks associated with this research, 
and such dangers do not differ from one context to 
another. Nor should one assume that industrial scientists 
are any more scrupulous than their academic colleagues. 

There has thus always been a strong case for extending 
the guidelines established by the National Institutes of 
Health for federally-funded research workers in the US 
to cover the private sector as well (a member of the 
NIH’s Recombinant DNA Advisory Committee recently 
called it “one of the most bizarre situations in the history 
of US science and technology” that this was not already 
the case). The essential question has not been whether this 
should be done, but how. And it has been the suggested 
answers to the ‘how’ questions, embroidering in various 
ways what might otherwise appear to be a relatively simple 
legislative concept, that have brought doom to a succession 
of congressional initiatives. 

In the meantime, the process of developing, administer- 
ing and revising the NIH guidelines has been proceeding 
relatively smoothly. Many scientists continue to believe 
that, even in their current form, the guidelines are too 
restrictive, and to baulk at the extra paper work in- 
volved. Others admit, however, that while some risk 
experiments have tended to confirm certain types of risks 
as being relatively small, others have indicated hitherto 
unanticipated potential hazards (such as the ability of 
DNA strands to induce tumours in laboratory animals). 
And that as long as these uncertainties remain, which 
itself is unpredictable, then some type of regulatory frame- 
work is necessary to cope with them. 

For non-federally funded research, however, the picture 
remains confused. In the absence of new legislation, 
attempts have been made to fit the control of research 
using recombinant DNA techniques into existing legislative 
and institutional responsibilities. But the novelty of the 
hazards means that the fit has been an uncomfortable, 
and possibly untenable one. Thus Mr Califano, Secretary 
for Health, Education and Welfare, has said that he is 
reluctant to use powers granted to him under the Public 
Health Service Act, as some have been suggesting, as he 
is not sure whether the act is appropriate to the DNA 
case. In turn the Food and Drug Administration has 
decided that it probably lacks the legal power to require 
that all research leading to products submitted for 
licensing be carried out under the NIH guidelines as it had 
earlier been proposing to do. 

The director of NIH has agreed that companies which 
express a willingness to comply vofuntarily with the 
existing guildelines would be able to register with the 
NIH to have their research procedures approved. But the 
NIH is not, and has no desire to be, a regulatory agency. 


(The Environmental Protection Agency and the Depart- 
ment of Labours Occupational Safety and Health 
Administration have both kept relatively quiet on the 
issue, but in both cases there seems to be uncertainty over 
how to proceed with what remains a conjectural hazard.) 

In the circumstances, there now seems a good chance 
that a new legislative initiative in the US Congress would 
be welcomed by many sides in the debate. To members 
of the Administration and federal institutions it would 
provide a clear delineation of roles and responsibilities in 
what will otherwise remain a murky situation. To private 
industry, although opposed in principle to government 
regulation, it should provide considerably more credibility 
than current promises to comply voluntarily with the NIH 
guidelines. And to environmentalists, public interest 
groups and labour unions, it would signal that private 
industry was not being given privileged status in the DNA 
debate (while also providing a channel, if minimal, for 
public participation in the type of debates that are 
constantly being urged on the future direction of new 
technologies with important social implications), 

As with the previous legislative attempts, of course, the 
most controversial issues will inevitably be on the pro- 
cedural, rather than the technical, aspects of complying 
with the guidelines, The fact that industry has already 
indicated that it is willing to comply voluntarily with the 
guidelines—-and the extent to which industry spokesmen 
have gone to confirm that even at present, private research 
workers are following recommended physical and biological 
containment levels--shows that the inclusion of this aspect 
in new legislation should not provide too much of a 
problem. The sticky issues, however, will be over the 
appropriate forms of accountability and responsibility— 
over who should have access to the decision-making 
process, on what basis, and what should be done about 
data needed for the purposes of regulation but which a 
firm considers to contain information that would be 
valuable to a commercial competitor. 

These are all political questions. At present they are 
being resolved by default by conventional means, with the 
decision-making agenda drawn up and controlled by those 
who stand to gain financially from a successful outcome 
to the research. It is up to those who, we hope, are now 
considering possible forms for legislation to decide 
whether this is the way they wish it to be, or whether to 
take bolder steps (such as involving trade union represen- 
tatives in the decision-making process at a local level). It 
will take a political desire for change to carry it through, 
but a desire with which Mr Califano has already indicated 
his sympathy by expanding public interest representation 
of the RAC last December. RAC has, like Britain’s 
Genetic Manipulation Advisory Group, been held up as a 
model pointing to the future direction of public 
participation in technological decision-making. Despite 
current limitations, we feel that this direction is the right 
one. And that regulation extending the NIH guidelines 
to industry should reflect this conviction. i 
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Computers lose on the swings and the roundabouts 


Tight university research budgets are contributing to a shortage 
of computer science graduates in the US. But concern is also 
growing about the social effects of automation. 


David Dickson reports 


Next Saturday, half a million members 
of the Communication Workers of 
America are holding a national “Job 
Pressures Day” to protest at the way 
in which automation is dehumanising 
working conditions. No one will stop 
work, the intention is to draw public 
attention to the issue through in- 
formational picketing and other activi- 
ties under the general slogan “we are 
people not machines’’. 

The action is claimed to be un- 
precedented for a major US union, 
most of which keep strictly to the con- 
ventional issues of wages and working 
hours. But it heralds a trend within 
the US labour movement which, fuelled 
by evidence that automation may 
finally be resulting in the unemploy- 
ment previously predicted but un- 
realised, promises to grow substantially 
over the next few years. 

Even without these new complaints 
about working conditions, the man- 
power implications of computers—a 
subject of hot debate in the late 1950s 
and 1960s, but one that subsided as 
economic prosperity cushioned any 
significant impact—are once again 
causing serious concern in policy- 
making circles, 

On the one hand, support is declin- 
ing for experimental computer science 
in US universities, and attracting good 
staff and students has become a prob- 
lem. As a result, there are not enough 
qualified graduates for industry’s needs. 
Many computer companies now face 
major difficulties in recruiting staff and 
have expressed their concern to the 
Office of Science and Technology 
Policy. 

A report published last month by an 
advisory committee to the National 
Science Foundation says that as a 
result of funding difficulties, computer 
science research is now in a “critical” 
situation. University programmes are 
declining, just when the size and 
quality of research and training should 
be increasing to meet industry’s needs, 
The report points out that, with ob- 
solete equipment and inadequate 
finance, many of the best staff are now 
being recruited away from universities, 
whose research laboratories were 
originally responsible for such central 
innovations as time-sharing techniques, 
virtual memory systems and file pro- 
tection mechanisms. 

A particular concern, the committee 
says, is the fall in the number of com- 
puter science doctorates in the past 
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two years. “Because of its leverage in 
stimulating research, retaining faculty 
and capturing the interest of superior 
students, the most important require- 
ment is the establishment and main- 
tenance of outstanding university re- 
search facilities,” it says. This could be 
achieved by injecting as little as $15 
million a year, based on five capital 
grants of $2 million to separate in- 
stitutions, plus running costs for each 
for the following five years. OSTP is 
now trying, with the support of in- 
dustry, to persuade the Office of Man- 
agement and Budget that this will be 
money well spent. 

But while the management side of 
industry is complaining about a short- 
age of qualified recruits, labour is 
concerned about those who will lose 
their jobs as a result of automation. 
Until recently, the conventional wis- 
dom was that unemployment was out- 
weighed by the extra jobs created 
through increased prosperity. Now, with 
with a stagnant economy plus the rapid 
incursion of automation into previously 
untouched areas such as office work, 
there are doubts about this equation. 

A typical survey carried out by the 
Society of Manufacturing Engineers 
predicted recently that 20% of the 
labour directly involved in the final 
assembly of automobiles will be re- 
placed by machines—such as robot 





UNEMPLOYMENT 





welders—by 1985, and 50% by 1995. 

Similarly, a Bureau of Labour 
Statistics report on telecommunications 
technology concludes that “the antici- 
pated strong demand for communi- 
cations will probably modify the ad- 
verse effects on employment, but can 
no longer offset them. As a result, em- 
ployment is expected to decrease slowly 
into the mid-1980s, significantly alter- 
ing job skills and occupational com- 


position.” 
Such automation seems likely to 
result in a “substantial permanent 


sector of unemployment”, as a result 
of society’s inability to cope with the 
effects of new technology, predicts 
Robert T. Lund, a senior research 
associate at MIT’s Centre for Policy 
Alternatives. Part of the problem, he 
suggests, is that the 1950s automation 
scare which failed to materialise has 
led to a false sense of security. 

Some indication of the size of the 
problem may be given when the Office 
of Technology Assessment produces 
the results of a survey it is conducting 
as part of a broader project on the 
social impact of data processing sys- 
tems, with a view to seeing whether 
any Congressional action may be 
needed. “It is certainly an issue that 
deserves more attention than it has 
been getting,” says Mr Stephen Doyle, 
group manager for telecommunications 
at OTA. 

Meanwhile there is discontent among 
those who are at the receiving end of 
the new technology. A survey con- 
ducted by the University of Michigan 
has just reported that, for the first 
time, there was a decline in the national 
level of job satisfaction, as measured 
between 1973 and 1977. The survey of 
1,515 workers found that 36% felt 
their skills were underused, and 32% 
that they were ‘“‘overeducated’’. There 
was a “slight but significant” drop in 
overall job satisfaction. 

The unions are already beginning to 
react, largely in response to rank-and- 
file pressure. In addition to next week’s 
WA demonstration, members of the 
United Auto Workers made strong 
demands at a recent conference for 
tougher terms on retraining, monitor- 
ing technical change and giving early 
notice of automation plans. 

Mr Glenn E. Watts, CWA president, 
goes further. In a recent article he said 
that his union believes major techno- 
logical advances should be held in check 
until a human impact study has been 
made, just as environmental impact 
studies are carried out in other circum- 
stances. “If some workers today are 
bored and alienated, the degrading of 
work itself must be recognised as part 
of the problem.” 
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FDA backs off attempt to 
control private DNA research 


Tue US Food and Drug Administration 
has concluded that it probably lacks 
the legal authority to regulate re- 
combinant DNA research in private 
industry, as it had previously an- 
nounced its intention to do following 
a directive from Health Secretary 
Joseph A Califano last December. 

Instead, the FDA plans to encourage 
companies to comply voluntarily with 
the guidelines that have been esta- 
blished by the National Institutes of 
Health for federally-funded research. 
The NIH is itself recommending some 
amendments to the guidelines to make 
them more acceptable to industry. 

Two weeks ago, however, the NIH’s 
Recombinant DNA Advisory Com- 
mittee passed a resolution recommend- 
ing that private industry be legally 
required to observe the guidelines. It 
is now up to Mr Califano to decide 
whether a scheme of voluntary com- 
pliance is adequate, or whether to seek 
another route for regulation—possibly 
involving a new legislative initiative, 

Following the failure of numerous 
attempts in the past to extend the NIH 
guidlelines to industry, Dr Fredrickson, 
director of NIH, announced last year 
that companies would be able to 
register with the NIH—if they wished 
—to have containment levels for pro- 
posed experiments approved. 

So far, however, companies have 
been reluctant to register, fearing that 
compliance with some sections of the 
guidelines would require them to 
divulge commercially-sensitive in- 
formation, At least one company— 
Genentech, in San Francisco—is now 
conducting experiments with 60 litres 
of culture which would have required 
submitting full details to the RAC for 
a special exemption from prohibition 
under current NIH procedures. 

The NIH is now proposing to add a 
new section to the guidelines to meet 


such fears. For example, although 
academic scientists wishing to have a 
new host-vector system approved by 
the director of NIH make available 
full details of the system and its pro- 
posed use, this would be waived for 
private companies, who say it could 
require disclosing commercial secrets. 

Under the proposed addition to the 
guidelines, private companies would 
set up their own institutional bio- 
hazard committees. But members of 
such committees would be exempt 
from the requirement that they should 
not be involved in approving a project 
in which they had a financial interest. 

The NIH has also gone to some 
lengths to establish that it would be 
a criminal act for any member of the 
RAC, as “temporary government em- 
ployees”’, to divulge confidential com- 
mercial information submitted to the 
committee, and that this information 
would therefore be immune to the 
Freedom of Information Act. 

At a meeting with HEW general 
counsel Mr Peter Libassi last week, 
industry representatives said they were 
reasonably happy with the new pro- 
posals as a basis for voluntary com- 
pliance. Public interest and labour 
representatives, however, were ada- 
mant that a voluntary system would 
not work and that some form of legal 
back-up was necessary. They also 
urged that the Environmental Protec- 
tion Agency and the Occupational 
Safety and Health Administration take 
a more active role. 

The position on legal controls has 
been complicated by the FDA’s 
decision. Last December, coinciding 
with the publication of a revised ver- 
sion of the guidelines and following a 
directive from Mr Califano, the FDA 
published a “notice of intent’ to 
introduce regulations. These would 
require a firm submitting a product 





Califano: he must decide 


for licensing by the FDA to demon- 
Strate that any recombinant DNA 
research carried out in connection with 
the product had been done in accord- 
ance with the NIH guidelines. 

Pharmaceutical companies, how- 
ever, challenged whether the FDA had 
the authority to do this under the 
terms of the federal Food Drug and 
Cosmetic Act, claiming that the 
agency’s authority was restricted to 
clinical trials and marketing. 

Dr C. W. Pettinga, executive vice- 
president of Eli Lilly and Company, 
commented: “In our view the pro- 
posal must be carefully evaluated 
because it could evolve into the regu- 
lation of basic research, an undesirable 
circumstance from a public policy 
standpoint and clearly not warranted 
in view of the experience with recom- 
binant DNA technology.” 

No public reply has yet been made 
by the FDA. But in the light of these 
and similar comments, officials in the 
agency confirmed last week that the 
proposal to introduce new regulations 
had been dropped and that support 
was being recommended for the 
voluntary compliance scheme as being 
proposed by the NIH. 

Dr Fredrickson is now expected to 
forward these comments, as well as 
both the NIH’s proposals and the RAC 
resolution, to Mr Califano—who will 
have to decide how to take things 
from there. David Dickson 


Plan for early warning on social effects of biomedical advances 


THE National Commission for the 
Protection of Human Subjects, a body 
set up in 1974 to study the ethical, 
social and legal implications of ad- 
vances in biomedical and behavioural 
research and technology, has re- 
commended setting up an advisory 
commission “to anticipate the probable 
effects of research and technological 
advances for individuals and society, 
and to stimulate public participation 
in decision-making”. 

This recommendation has arisen 
from a special study conducted by the 
commission, whose conclusions were 
published in the Federal Register last 
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week. The commission says that the 
results of the study showed both a 
perceived need for a programme to 
assess the social impact of technology, 
and a need to facilitate public 
information and public participation in 
research and technological innovations 
and the policy decisions that result. 

“These findings suggest that a 
mechanism should be established to 
monitor and evaluate innovations and 
to provide an early warning system in 
which the probable effect of in- 
novations in biomedical and be- 
havioural research and technology can 
be assessed publicly, prior to develop- 


ment of widespread dissemination”, 
the commission says. Existing entities, 
such as those attached to the National 
Academy of Sciences or the National 
Institutes of Health, served narrower 
constituencies and goals, and the in- 
dependence and broader mandate of a 
new body were needed, it says. 

“The commission should not be 
dominated by health professionals, for 
its main purpose would be to facilitate 
widespread debate involving all 
segments of society in the ethical and 
policy issues that affect all people and 
about which diverse views should be 
heard.” O 
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California report pinpoints hazards in layout 


of Three Mile Island control room 


In early May, California’s governor 
Edmund G. Brown Jr called for a na- 
tional moratorium on construction of 
nuclear power plants and declared 
himself to be tat the forefront of the 
antinuclear movement”. Some political 
observers have suggested that his 
actions represent a new expression of 
his presidential ambitions, but the 
governor also seems to be taking 
seriously a report prepared by his staff 
that condemns the state of ‘human 
factors engineering’ in the nuclear in- 
dustry. In a letter to Nuclear Regula- 
tory Commission (NRC) chairman 
Joseph M. Hendrie, Brown wrote: “I 
am informed that the design of nuclear 
power plant control rooms may repre- 
sent a significant safety hazard”. 

A copy of this staff report, together 
with some of the supporting documenta- 
tion, has become available to Nature. 
The report was prepared by Wilson 
Clark, Assistant to the Governor for 
Issues and Planning, and three assist- 
ants, two of whom have experience in 
nuclear engineering. It concludes that 
many nuclear power plants “are poorly 
instrumented and designed for adequate 
reactor operator control.. . Modern 
nuclear technology is harnessed by anti- 
quated control technology which rep- 
resents a clear and present hazard.” 

Clark summarised the report’s con- 
clusions in a letter to the chairman of 
the Presidential Commission on the 
Accident at Three Mile Island, John 
G. Kemeny. He cited the NRC’s pre- 
liminary evaluation of the Three Mile 
Island accident as a vindication of his 
belief that poor design for human 
operation were “ʻa leading, if not the 
leading factor, in the near-disaster at 
Three Mile Island.” He catalogued 
three main hazards covered in his re- 
port that bear on Three Mile Island: 
® poor layout, making plant operation 
difficult and dangerous; 

@ inadequate display of control room 
information; and 

® confusing and incomplete operational 
procedures which lengthen operator 
responses, decreasing reliability. 

Clark’s point has been made before, 
but the issue generated little interest 
until the series of interrelated human 
and instrumentation errors at Three 
Mile Island. The famous Reactor 
Safety Study, WASH-1400, which gave 
the nuclear industry a generally clean 
bill of health, criticised the design of 
controls and displays and their arrange- 
ment on operator panels. Later, a task 
force of the Electric Power Research 
Institute (EPRI) expressed similar 
criticism and recommended that EPRI 
review the problem. The review was 
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conducted by the Lockheed Missiles 
and Space Company and published in 
late 1976. Although the conclusions of 
the Lockheed/EPRI report were gen- 
erally low key, the illustrations were 
devastating. With such understate- 
ments as “the study findings paint a 
rather negative picture?” the report 
catalogues a substantial list of design 
faults that could directly affect an 
operator’s ability to react quickly in an 
emergency. These include: 

® massive arrays of identical control/ 
display units with no clearly identified 
subpanel grouping; 

® control levers so large that individual 
control panels expand to enormous 
SiZe; 

® separation of related panels into two 
areas so that two operators are required 
to coordinate their actions even when 
separated by as much as 50 feet; and 
@ placement of gauges so high that an 
operator cannot read them without 
standing on a footstool, or on a wall 
opposite the location of related control 
levers. 

Even such a simple matter as the 
number, placement and ease of replac- 
ing signal lamps can have serious con- 
sequences. The Lockheed/EPRI study 
found that “indicator reliability is a 
problem and there are a surprising 
number of burned-out, single lamp 
indicators at any given time” in the 
reactors surveyed. Warning lights are 
sO numerous that many operators be- 
come cavalier about ‘nuisance alarms’. 
And to replace burned-out lamps 
operators sometimes stand precariously 
on a control panel, 

The Clark report shows how pro- 
phetic this passage of the 1976 study 
was to be. In March 1978, an operator 
dropped a light bulb into an open con- 


trol panel at California's Rancho Seco 
plant, while trying to fix a burned out 
indicator. The resulting short circuit 
caused the reactor to shut down, 
knocked out two-thirds of its tempera- 
ture, pressure, flow and level signals, 
and cut off auxiliary feedwater for 
seven minutes. Clark concludes: 
“Had other safety systems not per- 
formed adequately, this transient could 
have been similar to the accident at 
Three Mile Island, which experienced 
a loss of auxiliary feedwater cooling 
for only eight minutes.” 

Governor Brown’s team also cited 
a study of the Zion nuclear power 
plant by Alan Swain in 1975, for the 
NRC. According to the Clark report, 
the owner of the Zion plant had been 
able to suppress distribution of the 
document, which had found in a ‘talk- 
through’ of procedures to use in a 
serious accident, that “even ex- 
perienced operators had some difficulty 
in locating particular controls and 
displays.” 

It remains to be seen what action 
will be taken to improve the confusing 
array of instruments, dials and switches 
facing reactor operators, but the NRC 
has at least acknowledged the problem. 
A recent staff report on reactors 
designed by Babcock and Wilcox (who 
designed the plant at Three Mile 
Island) states: “Human factors 
engineering has not been sufficiently 
emphasised in the design and layout 
of the control rooms. The location of 
instruments and controls in many 
power plants often increases the like- 
lihood of operator error or, at the 
least, impedes the operator in efficiently 
carrying out the normal, abnormal, 
and emergency actions required of 
him.” John Douglas 


US to study health effects of accident 


THe US Department of Health, Educa- 
tion and Welfare announced last week 
that it is to carry out a number of 
surveys of the possible health effects 
on those who were exposed to radiation 
as a result of the nuclear accident two 
months ago at the Three Mile Island 
nuclear power plant in Pennsylvania. 

One survey will cover pregnant 
women living within 10 miles of the 
plant, who will receive regular health 
checks throughout their pregnancy. 
Their children will be monitored for 
the first few months after birth. The 
National Institute of Mental Health 
will carry out a survey of a re- 
presentative group of people ‘subject 
to the strain of the accident’, and a 


further study will examine the health 
of the workers at the plant. 

In addition there will be a general 
survey of the health of 50,000 
residents living within five miles of the 
plant. “It’s just common sense to do 
this. There is no reason for alarm, I 
said some time ago that we would 
study the population, and that we 
would particular focus on pregnant 
women”, Health Secretary Joseph 
Califano said last week. The survey 
will be financed by the Center for 
Disease Control and the National 
Cancer Institute. State officials hope 
to continue the study on a year-to-year 
basis for up to 20 years. 

David Dickson 
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Support grows for 
rival conference 
on development 


SEVERAL hundred non-governmental 
organisations have already expressed 
interest in participating in an alter- 
native conference which is being 
planned to take place in parallel with 
the United Nations Conference on 
Science and Technology for Develop- 
ment in Vienna at the end of August. 

Unlike the official conference, which 
will concentrate on political mech- 
anisms for stimulating the contribu- 
tions of science and technology to 
development, the alternative con- 
ference will consider specific topics for 
action. High on the preliminary agenda 
are plenary sessions on nuclear energy 
in Third World countries, environ- 
mental aspects of development, the 
role of multinational corporations, and 
the implications of the arms race. 
These sessions will take place in 
Vienna's Kongresshaus. 

A number of working groups are 
also planned, to run for the full ten 
days of the conference (August 19 to 
29) with the aim of producing specific 
proposals for action. In particular, 
there will be discussions about in- 
formation and financial mechanisms 
that might be established to support 
the work of non-governmental organ- 
isations after the conference. “This 
is one of the most important things 
that we can do at Vienna”, says Dr 
Karim Ahamed of the Natural Re- 
sources Defense Council in New York, 
chairman of the conference organising 
committee. 

“We want to see the extent to which 
non-governmental organisations can, 
for example, stimulate technology as- 
sessment activities in Third World 
countries which could be brought to 
bear on government efforts, And we 
also want to find out what private and 
public sources of funding are available 
to support these efforts,” 

The organising committee, which 
has a planning board made up of 14 
international organisations, is already 
preparing an extensive document com- 
menting on the proposals for action 
that will be discussed at the official 
conference, and pointing out areas—- 
such as the need for appropriate 
technologies, or the role of women in 
development——which it feels have been 
neglected in official discussions. 

“One particular goal will be to see 
if we can create mechanisms for 
monitoring what happens after 
UNCSTD, and exposing it to public 
view in an effort to make governments 
keep up to their promises,” Mr Ward 
Morehouse, another member of the 
committee, said. B 
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Max Planck Society sets up three 
new research institutes—and cuts 
off support for others 


THe Max Planck Gesellschaft (MPG), 
which spends DM750 million a year on 
research in West Germany, has started 
to renew and restructure several of its 
50 institutes. It is following a tradition 
of, from time to time, taking up new 
fields in exchange for others that 
have matured or have not developed 
according to the MPG’s expectations. 

Last March. the MPG Senate, for 
the first time in five years, approved 
the setting up of new institutes (MPI) 
and gave the green light for three of 
them straightaway: an MPI of Quan- 
tum Optics (Directors: Professors Karl- 
Ludwig Kompa, Herbert Walter and 
Siegbert Witkowski); an MPI of 
Psycholinguistics (Director: Professor 
Dr Willem J. M. Levelt): and an MPI 
of International and Foreign Social 
Legislation (Director: Professor Dr 
Hans F. Zacher). 

In addition, one or two project 
groups working closely with clinical 
establishments (eg in universities) are 
to be set up to augment medical re- 
search within MPG. The content and 
orientation of their research is not yet 
decided, but it is likely that cancer 
research will be among the new fields. 

The decisions to set up the three 
new institutes have been taken after 
several years of successful work by 
project groups. (This is an important 
condition within the MPG for the 
establishment of a new institute.) The 
new MPI of Quantum Optics is build- 
ing on the work of the project group 
for laser research, which itself was 
hived off four years ago from the MPI 
of Plasma Physics (IPP). And the 
future Institute of Psycholinguistics, 
which will research the structure and 
use of natural language is building on 
work already done at the Netherlands 
University of Nijmegen. The decision 
to site the latter at Nijmegen is seen as 
an example of MPG’s emphasis on 
European cooperation. The MPG, 
which is financed jointly by the federal 
research ministry and the Länder, 
hopes to fund its new activities from 
higher growth rates in the budget 
(6-8% per annum instead of an aver- 
age of about 3% during recent years 
of stagnation). 

The MPG has also decided to close 
down work at two of its institutes. 
Terminating work in a particular field 
or closing an entire institute is usually 
done when similar research is being 
carried out in universities and other 
research establishments (and mostly 
when the head of the institute retires). 


Thus Professor Jurgen Aschoffs re- 
search at the MPI of Behavioural 
Physiology runs out with his retire- 
ment because biorhythms are being 
researched simultaneously at other 
places. (His famous ‘bunker’ will con- 
tinue to be available to researchers! ) 
For similar reasons the work on nuclear 
physics at the MPI of Chemistry in 
Mainz is to run out and be replaced 
by the new main field of geochemistry. 

On average, over the past 10 years, 
one institute or department within the 
MPG has been closed or transferred 
to another agency each year. In the 
majority of cases the public has been 
aware of little of the concomitant 
tensions or problems. Not so, however, 
in the case of the institute founded in 
1970 by Carl Friedrich von Weizsäcker 
in Starnberg with the ambitious title of 
Max Planck Institute of Research into 
the Living Conditions of the Scientific- 
Technological World. The founding of 
the institute created a stir in particular 
because of the all-embracing formu- 
lation of its brief (which prompted Der 
Spiegel on one occasion to talk of a 
‘Faustian’ project); the overt attempt 
by industrialists to influence its policy; 


and the appointment of the neo- 
Marxist Jürgen Habermas as co 
director. 

Doubts later grew about the ef- 


ficiency of the institute, which seemed 
to be concentrating on isolated pro- 
jects, Even though one or two note- 
worthy pieces of work were done, the 
commissions, set up as a rule four years 
before the retirement of an institute 
head, started to discuss the end of the 
institute in its existing form. After 
intensive discussions the MPG Senate 
decided not to continue the work of 
Herr von Weizsiicker after his retire- 
ment “since there is no one to replace 
him”. 

Instead, a new MPI of Social 
Sciences is being set up, which will 
have four departments and according 
to Professor Reimar Liist. President of 
the MPG, who was talking during the 
MPG’s general meeting in Mainz last 
month, “is advancing no sweeping claim 
for the social sciences, any more than 
would an Institute of Physics or 
Biology in our society”. Ralf Dahren- 
dorf, at present Director of the Lon- 
don Schol of Economics and Political 
Science, was appointed as an additional 
director with Jiirgen Habermas. Two 
more departments are envisaged for a 
political scientist and a psychologist. 

Klaus Hoépfner 
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Soviet scientists visit UK and ‘sell’ technology 


“SCIENCE is universal because it strives 
after universal truths that can be uni- 
versally verified. Scientists have no 
option therefore but to collaborate and 
have done so successfully even when 
political relations are bad. But tech- 
nology is different; because it is 
‘sensitive’.”” 

So said Professor J. Ashworth, Senior 
Scientific Adviser to the Cabinet Office 
at the opening last week of the “Days 
of Soviet Science and Technology” or- 
ganised in association with the USSR 
National Exhibition at Earl’s Court, 
London. By this criterion, it might be 
deduced, both from the exhibition itself 
and from the composition of the scien- 
tific ‘touring team”, that détente is 
alive and flourishing. For both are 
strongly orientated towards technology. 

For the exhibition, this may be in- 
evitable; a Soyuz space-capsule or non- 
polluting oil refinery is much easier to 
demonstrate to the public than the 
latest developments in quantum mech- 
anics. Even the announced ‘‘massive” 
participation of the Soviet Academy of 
Sciences, apart of course for the baby 
mammoth, reduces to a few techno- 
logical exhibits—some special indus- 
trial alloys, a method of shaping 
high-precision tools from graphite and 
then converting them to diamond, and 
a laser landing system for aircraft 
which, Academician Basov, the leader 
of the scientific delegation urged, would 
be particularly suitable in the British 
climate. 

Basov, who holds a Nobel Prize in 
physics for his work on lasers, has 
become, in the context of this tour, 
virtually a salesman for Soviet laser 
technology. Even addressing the Royal 
Society, his subject matter was more 
practical than theoretical—laser weld- 
ing, laser precision systems for wire 
manufacture, laser coagulation for eye- 
surgery, a laser-based 2,000-line TV set 
in the “nearest future’’, as well as the 
prospects of lasers in the 10°-10° J 
range and a “very promising” hybrid 
reactor with a “thermonuclear target 
surrounded by fissile material”. The 
main problem with the latter, he said, 
will be the “service life but ideologically 
we are prepared for further develop- 
ments”. 

Equaly a “salesman” but with longer 
aims in view is Professor Andrei 
Kapitsa, whose speciality is remote 
sensing from space. This he sees as a 
major field of potential cooperation, 
particularly in “global problems” such 
as pollution. “Even a country as large 
as the Soviet Union cannot save the 
problem of air pollution”, he said. 
“This can only be done on an inter- 
national basis.” Then, too, there are 
problems of induced climatic change. 
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A major irrigation or rain-making 
initiative by one country could have 
disastrous consequences for another, if 
there is no international consultation. 
According to Kapitsa, however, Soviet 
planners “don’t yet use space data 
directly, but only at the second or third 
remove.” Science, he said, “is always 
two steps ahead, giving the economy a 
tug!” 

The “Days of Soviet Science and 
Technology” are presumably designed 
to give a similar “tug”? to British- 
Soviet economic cooperation. ‘“Econ- 
mic cooperation goes very closely with 
such things as know-how”, Kapitsa ex- 
plained. “Know-how is sold, and know- 
how is science”. 

Several members of the delegation, 
however, saw the “Days” rather as a 
useful chance of pursuing their own 
research. The three Medical Academ- 
icians, Kochetkov, Loginov and Puch- 
kovskaya all spoke in terms of exist- 
ing cooperation. So did Academician 
I. M. Kolotryrkin, who explained that 
in his particular field—metal corrosion 
—the UK and USSR have already 
achieved a de facto division of labour. 
“Britain is doing some very interesting 
work on the metallurgical side”, he 
said, “‘stress corrosion, cracking and 
so on. In the Soviet Union we use 
mainly a chemical and radiochemical 
approach. This is a genuine sharing of 
effort”. 

For Professor F. V. Sapozhnikov, 
however, diverging priorities between 
the UK and the USSR might well have 
made fruitful discussions difficult. For 
as Deputy Minister of Power and 
Electrification, he is committed to a 
major nuclear power programme, 
which includes not only power gener- 
ation, but even the production of hot 
water for district heating from small 
reactors sited on the outskirts of 
cities. (It is considered sufficient for 


safety if a zone 3km in radius round 
the reactor is kept free from residential 
use, although it may be used for agri- 
culture, industry or leisure purposes). 

The commitment to nuclear energy 
was well represented at Earl’s Court; 
exhibits included a scale model of the 
BN-600 water-water reactor intended 
for the third set of the Beloyarsk 
power station and a diorama of the 
South Ukrainian power complex, which 
will be based on 4 1,000 MW nuclear 
generating sets, with a 1,800 MW hy- 
droelecrtic auxiliary plant for peak 
hours and a 380MW pumped storage 
system. 

Sapozhnikov did not see Britain’s 
current disenchantment with nuclear 
power as any barrier to cooperation. 
“We pay a great deal of attention to 
UK experience”, he said. “We have 
enjoyed a good cooperation programme 
for several years now, and it has 
worked quite successfully”. 

Such remonstrances have in general 
been fairly infrequent. Apart from the 
constant stress that exchange benefits 
the UK as much as it does the Soviet 
Union, there has been little emphasis 
on “misunderstandings” and much on 
mutual benefits and the building of 
what Basov called “a bridge of con- 
fidence” between Soviet and British 
scientists. 

“Our main task is to learn what 
others have done and to show what 
we have done”, Basov explained. Then, 
doubtless not unaware of the possé of 
demonstrators who had dogged the 
delegation with their banners demand- 
ing the release of Orlov, Shcharanskii 
and Kovalev, he added, “We respect 
and treat with understanding the 
customs of your country. As the 
Russian proverb says ‘When you arrive 
at a strange monastery, don’t try to 
induce your own rules there’:”’ 

Vera Rich 


Soviet progress in wind and solar power 


SOVIET solar energy enthusiasts may 
one day give a new meaning to the 
term industrial plant. Recently Dimitri 
Zhimerin, Deputy Chairman of the 
USSR State Committee for Science and 
Technology, said that “scientists believe 
that solar energy could be used for 
industrial applications if generators 
were developed imitating photosyn- 
thesis’. So far, however, no-one has 
announced artificial photosynthesis as 
a viable method. 

Zhimerin’s statement, however, came 
in an otherwise factual account of 
research into solar and wind power in 
the Central Asian Steppes. In addition 
to solar heating for domestic use con- 
siderable progress, he said, has been 


made in water desalination for state 
cattle farms. Here the breakeven point 
occurs when water would otherwise 
have to travel 35-40 km. 

Extensive use of solar energy in these 
regions could, he said, save the Soviet 
economy 15-20 million tonnes of con- 
ventional fuel per year while wind 
energy, properly exploited, could pro- 
duce 11x10° MW, 50 times the total 
capacity of all Soviet power stations in 
1976. According to Zhimerin, the first 
wind powered electrical generator with 
a capacity of 100 kW was built in the 
Soviet Union in 1930. The experience 
gained with it has led to the develop- 
ment of “wind powered units, both 
mechanical and electrical”. G 
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CO: increased by 1.5 p.p.m. in atmosphere last year: The 
US National Oceanic and Atmospheric Administration 
reported that the average carbon dioxide concentrations in 
the earth’s atmosphere rose to 335 parts per million last 
year, an increase of 1.5 parts per million from 1977, and 
of 21 parts per million—or 6.3%—since 1958. A spokes- 
man for the agency said that the increase was principally 
due to increasing emissions of carbon dioxide from the 
burning of fossil fuel. Despite the increases, however, 


government scientists still believe that they have several — 


years in which to decide whether the effects of the carbon 
dioxide build-up warrant restrictions on the burning of 
coal, to which the US is increasingly turning as an 
alternative fuel to oil. 


Iran says no to nuclear power: The revolutionary govern- 
ment in Iran has cancelled all plans for nuclear power 
plants in the country including two contracts for plants 
already under construction. The head of Iran’s atomic 
energy organisation, Fereidun Sahabi, said the contracts 
with France and Germany should be cancelled for 


“political, economic, social, human and technical reasons”. 


The German plant is 80% complete but overspending of 
£1.5bn would mean that the final cost of £3.5bn for the 
plant would be more than twice the international standard. 


“It is true that work conditions in Iran are different than ' 


in Germany, but they are not that different”, said Sahabi. 
An Iranian energy expert, formerly in favour of nuclear 
energy, has prepared an analysis showing that the plants 
cooling towers could be used as grain silos. The nuclear 
cancellations are only part of a massive reorganisation of 
Iran’s economy. 

The Financial Times estimates that multinational losses 
in Iran amount to £18.6bn in the civilian sector with an 
equal amount in the military sector, a level of loss 
“unprecedented in business world wide short of a natural 
disaster or a global war’. US and UK firms have been 
hardest hit because of their heavy involvement in the sale 


of military equipment .to the Shah. The rise of workers - 


committees in the factories has been instrumental in the 
cancellation of many contracts. 


Meteorologists approve world climate programme: The 
executive board of the World Meteorological Organisation 
at its 8th World Congress on 26 May passed a basic 
programme of research into the world’s climate. The 
programme will collate data from WMO’s World Weather 
Watch initiated eight years ago and data acquired from 
the climate programmes of member countries in order to 
assess climatic change and variability with special reference 
to predictability and human interference. This study will 
be carried with the International Council of Scientific 
Unions. In addition, a study of the impact of climate on 
human activities will be carried out in collaboration with 
the United Nations Environment Programme. Two other 
projects will be a new typhoon operational experiment in 
the Western Pacific with special attention to hydrological 
effects inland and a West African monsoon experiment. 
There will also be an increased emphasis on training 
programmes in Third World countries to be. carried out 
with money from the UN Development Programme. 
from Peter Collins in Geneva. 


USSR asks US to halt space shuttle programme: The 
Soviet Union has asked the US to halt work on the space 
shuttle programme, which it sees as a possible threat to 
its own satellites, according to a report which appeared 
last week in the New York Times. The demand is said to 
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have come up during preliminary discussions on ways of 
eliminating the spread of so-called killer satellites, which 
are designed to locate and destroy other craft in orbit, 
such as surveillance and communications satellites 

The space shuttle, which has been developed by the 
National Aeronautics Administration for both civilian 
and military purposes, is due to be launched at the end 
of the year. It will be used to launch military satellites 
into orbit, but US officials deny that there is any intention 
of using it for anti-satellite activities. The Soviet Union 
has maintained, however, that the shuttle could threaten 
its satellites, and has therefore asked the US to halt the 
testing programme. US officials .describe the request as 
“totally unacceptable” and feel that it rules out the 
possibility of an early agreement on killer satellites, which 
they had hoped to reach before the signing of the SALT 
treaty by President Carter and Mr Brezhnev in Vienna 
on 18 June. 


Hundreds arrested, one killed in worldwide nuclear 
protests: A weekend of militant anti-nuclear activity was 
marred by the killing in Spain of Ladi de Estan Terrane, _ 
24, who was shot in the head during a police charge on 
an anti-nuclear rally in Tudela in the Basque country. The 
killing provoked three hours of street fighting between 
demonstrators and police. Anti-nuclear demonstrations 
also drew large numbers of people in the Netherlands, 
Japan, the UK and West Germany. In Canada, five sky- 
divers jumped into forbidden territory at the world’s 
largest nuclear plant under construction in Darlington, 
Ontario and 56 others were arrested at the plant owned 
by Ontario Hydro. In the US over 600 people were arrested 
in demonstrations at plants in'12 American: states. In 
Inola, Oklahoma 339 demonstrators braved a biting rain 
to get arrested by climbing the fence guarding the 
construction site of the Black Fox nuclear power plant. 


Test ban critic to head weapons research laboratory: The 
University of California announced last week that Dr 
Donald M. Kerr, currently a deputy assistant secretary 
in the Department of Energy, has been appointed the new 
director of the Los Alamos Scientific Laboratory in’ New 
Mexico, succeeding Dr Harold Agnew who resigned 
earlier this year. Dr Kerr worked at Los Alamos, which 
carried out a large proportion of the US basic -research 
into new nuclear weapons, for ten years before moving 
to Washington. He became the focus of some controversy 
last year when he opposed President Carter’s proposals 
for a five-year test ban treaty, claiming that a treaty of 
such length would raise questions about the reliability of 
weapons that were being stockpiled but not tested. 

Mr Kerr’s previous involvement in weapons research 
is likely to lead to renewed pressures at the University of 
California for the university to divest itself of the Los 
Alamos and Lawrence Livermore laboratories, which it 
manages on a contract basis for the Department of 
Energy. Last month, an advisory committee recommended 
to the Department of Energy that it should prepare 
contingency plans, in case the university pulls out. 


Dungeness okay: The UK Health and Safety Executive has 
permitted the Central Electricity Generating Board to 
restart its Dungeness nuclear reactor. The reactor was 
shut down when micro-cracks were discovered in the welds 
of an expansion bellows. The CEGB claimed that: the 
cracks were ‘present at manufacture, have not increased 
during use and are not a hazard. Monitoring equipment 
has been installed as an additional precaution. 
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This nuclear power 
plant is contaminated. 
India’s demand for 








energy means it 





cannot be shut down 


Tarapur, near Bombay. 


Nuclear power needs to be 
regulated in the Third World 
just as much as in the 

West. But economic pressures 
in developing countries mean 
that safety may not always 
come first. Moreover, western 
insistence on regulation 

may be seen as an attempt to 
hamper Third World progress. 
Report by Anil Agarwal 


Tue accident at the Three Mile Island 
nuclear power plant has caused con- 
siderable concern in the developed 
countries. But very little has yet been 
said about the lessons to be learnt on 
the safety of nuclear reactors in the 
Third World. Even though volumes 
have been written about the problems 
of transferring sophisticated tech- 
nology to developing countries, precious 
little has been published about the 
management and absorption problems 
posed specifically by the transfer of 
nuclear technologies to the Third 
World. The sole exception in this 
field 1s the burgeoning literature on the 
proliferation aspects of nuclear tech- 
nology transfer. 

In the past few years, rising costs 
and environmental! protests have halted 
the growth of nuclear programmes in 
western countries. In 1977 almost no 
new reactors were ordered by the 
industrialised countries. During this 
time, it seemed as if the nuclear 
industry had begun to shift all its 
attention to Third World markets in 
particular, with French and West 
German companies indulging in 
aggressive selling openly aided by their 
governments. The prospects of large 
orders from Brazil, tran and South 
Korea seemed to confirm this trend. 

Since the revolution in Iran, how- 
ever, Third World markets have re- 
ceived a serious blow. Iran has can- 
celled all the nuclear plants on order 
and according to unconfirmed reports, 
Iranian authorities—and for that 
matter, the Western nuclear suppliers 
too—-may not be interested in com- 
pleting the Bushehr nuclear power 
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plant which has reached an advanced 
stage of construction. Among the first 
set of people arrested by the Shah of 
Iran for mismanagement and em- 
bezzlement in his unsuccessful bid to 
satisfy the rising demands of his people 
was the then Chairman of the Atomic 
Energy Organisation of Iran. Since the 
overthrow of the Shah’s government, 
several officials of the AEOI have left 
Iran leaving behind only a fledgling 
organisation. 

Brazil’s controversial nuclear pro- 
gramme too is running up against in- 
creasing domestic criticism largely 
because of escalating costs. The cost 
of Brazil’s first power reactor, the 
626 MW Angra-l, which is being con- 
structed by Westinghouse, is now 
expected to be between $850 million 
and $1 billion compared to the initial 
estimates of $218 million. The cost of 
the Brazihan-West German nuclear 
deal of 1975 under which Brazil was 
to be supplied with eight nuclear power 
plants of 1,320 MW each by the West 
German company Kraftwerk Union 
(KWU), has already risen from $10 
billion to $13 billion. Industry is pro- 
testing at the projected increases in 
electricity tariffs. Meanwhile, US 
pressures have prevented the French 
sale of a plutonium reprocessing plant 
to Pakistan. 

Third World nuclear programmes 
are, therefore, slowing down under 
a variety of economic and political 
pressures. But several developing 
countries nonetheless have or are plan- 
ning to have significant nuclear pro- 
grammes. South Korea ordered two 
new plants in 1978 and already has 
one reactor in operation, and two 
under construction. By the mid-1980s 
it expects to have eight nuclear power 
plants that will supply nearly one-third 
of its electrical needs. In nuclear terms, 
therefore, South Korea should become 
Asia’s second Japan. Taiwan too is 
pressing ahead with its nuclear pro- 
gramme despite the supply problems 
posed by its current political diffi- 
culties. Taiwan’s first power station 
consisting of two 636 MW units started 
operation in 1977 and two more large 
plants are expected to go into service 
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by the early 1980s. 

The Pakistan Atomic Energy Com- 
mission has asked its government to 
sanction the purchase of a 600 MW 
nuclear plant. Turkey is expected to 
order its first plant from Sweden soon. 
Argentina already has one 319MW 
power reactor in operation and 
another 600 MW reactor under con- 
struction. It is also expected to decide 
on the purchase of more reactors soon, 
possibly this month. Argentina is 
mainly considering tenders from 
Canada and Germany. Cuba plans to 
go ahead with a 440MW nuclear 
reactor from USSR. Mexico has two 
reactors under construction which are 
expected to be completed by 1982. 
With the discovery of large oil reserves, 
Mexico may not be keen to go ahead 
with more reactors in the near future. 

From all present indications, it seems 
that the incident of Three Mile Island 
has scarcely sent a ripple through those 
Third World countries which are keen 
to buy and build as many nuclear 
reactors as they can. Part of the reason 
for this behaviour is that nuclear pro- 
grammes have come to be associated by 
developing countries with enormous 
political prestige. The efforts of western 
governments to control the spread of 
nuclear technologies are seen by many 
Third World governments as a crude 
attempt to monopolise a technology 
that is of considerable importance to 
the world. These discriminatory western 
pressures have helped to make nuclear 
power, as a senior IAEA official 
recently put it, “an immensely patriotic 
issue” in many developing countries 
and even in some developed ones like 
Japan. Under these circumstances, 
nuclear authorities in Third World 
countries will move very cautiously to 
accept safety-related arguments against 
nuclear power. 

However, where safety per se may 
fail to move Third World nuclear 
authorities to ensure safest possible 
operation of nuclear projects, sheer 
economics will force them to consider 
all safety-related issues. Unlike the US, 
no developing country can suddenly 
afford to lose a billion dollar plant 
because of an accident. In some 
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countries, a large power plant can 
form as much as 10% of the electrical 
grid. The loss of such a plant could 
plunge the country into an energy crisis 
that could cripple its growing industry. 

Once a developing country has an 
unsafe plant therefore these economic 
pressures could persuade it to continue 
dangerous operations. The Tarapur 
Atomic Power Station (TAPS) on the 
western coast of India which supplies 
power to the industrially important 
metropolis of Bombay can, for in- 
stance, be placed in such a category. 
TAPS was the first atomic power 
station to go in operation in the Third 
World. It was built on a turnkey basis 
by General Electric under an Indo-US 
agreement and commissioned in 1969. 
Defective fuel bundles supplied by 
General Electric led to widespread con- 
tamination of the plant and extremely 
high radioactivity levels. Business 
India, an Indian journal, recently re- 
ported in an extensive survey of India’s 
nuclear programme: “TAPS is so 
heavily contaminated . . that it is 
impossible for maintenance jobs to be 
performed without the maintenance 
personnel exceeding the fortnightly 
dose of 400mren in a matter of 
minutes. Thus the maintenance worker 
—who is often not an employee of 
TAPS—holding a spanner in one hand 
and a pencil dosimeter in the other, 
turning a nut two, three rotations and 
rushing out of the work area is a com- 
mon phenomenon in TAPS.” When 
asked why not shut down TAPS and 
decontaminate it thoroughly, a senior 
TAPS engineer replied: “Ideally, that 
should have been done in 1974 or 
earlier but there is such great pressure 
from the Department of Atomic 
Energy on us to produce power that we 
cannot shut down.” 

It must, however, be said to the 
credit of the Indian nuclear authorities, 
who control the best technical expertise 
in the nuclear field in the Third World, 
that they have taken considerable care 
to minimise the radioactivity problems 
in TAPS. India has a massive nuclear 
R&D programme which accounted for 
nearly one-fifth of the India govern- 
ment’s R&D budget of Rs 3,200 milfion 
(about £220 million) in 1976-77. 
Despite this indigenous capability, 
Indian engineers had to seek the assist- 
ance of General Electric when fuel 
defects and related radioactivity prob- 
lems first began to surface—and they 
obtained very little help. General 
Electric simply blamed them for 
mismanagement and lack of tech- 
nical expertise. Even the US Atomic 
Energy Commission officials were 
then forced to prepare a note for 
Commissioner James T. Ramey in 
which they stated: “US manufac- 
turers have extremely poor records 
of information disclosure to foreign 


purchasers. Designs at times do not 
reflect all the regulatory items re- 
quired in the US; at times design 


innovations are first tried by US manu- 
facturers in overseas reactors. US 
manufacturers normally deal with 
foreign utility companies and short-cut 
their assistance to foreign governmental 
control groups (like nuclear regulatory 
agencies), which are sometimes in weak 
governmental positions.” These dis- 
cussions led Commissioner Ramey to 
emphasise that General Electric should 
be very careful with the nuclear plant 
it is setting up in Mexico. Mr Ramey 
pointed out to General Electric that 
“Mexico will have no technical back- 
up such as that which is available in 
India at the Bhabha Atomic Research 
Centre, and that GE should pay 
particular attention to assuring there 
is an adequate operations and main- 
tenance staff, whether or not they have 
a contractual obligation to do so.” 

Dr Morris Rosen of the Nuclear 
Safety Section of the International 
Atomic Energy Agency has further 
listed several critical aspects of nuclear 
power plant exports to developing 
countries. At the time of the IAEA- 
sponsored International Conference on 
Nuclear Power held in Salzburg, Rosen 
pointed out that several power plants 
quite dissimilar to those that exist in 
supplier countries are being built in 
developing countries. For instance, he 
revealed that high seismicity at the site 
of two large reactors sold by West 
German vendors to Iran could result 
“in significant design changes in the 
nuclear facility; changes that influence 
the foundations, interface of structures, 
pipe requirements, supports and system 
components (including reactor in- 


ternals). Thus, the eventual design of 
the Iranian facility as constructed may 
have some significant differences from 
modifications 


which will not have 
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review by the 
Federal 


undergone a detailed 
regulatory bodies of the 
Republic of Germany.” 
Rosen pointed out another example 
for which there was no reference plant 
a similarly sized plant under con- 


struction in the exporting country 
which meets its safety requirements 
and therefore can be licensed. “The 


recent 2-loop reactor plant for Egypt, 
Korea, and the Philipines, is refer- 
enced to a 2-loop reactor plant under 
construction in Yugoslavia since 1974. 
This plant in turn had been referenced 
to an earlier 2-loop plant under con- 
struction in Brazil, which in turn had 
been referenced to a domestic plant in 
Puerto Rico. However, the review of 
the Puerto Rico plant was terminated 
in late 1972 _ and it was determined 
not to continue with the project. If 
the Puerto Rico plant had been con- 
structed, it would have undergone a 
systematic and detailed review by the 
US regulatory organisation and as a 
result of this review . a number of 
modifications would undoubtedly have 
been made. Thus, all of the previously 
mentioned exported 2-loop plants have 
undergone a rigorous regulatory re- 
view, and modifications that might have 
been required are not available for 
consideration.” 

The prime need of developing 
countries with nuclear programmes is 
strong and competent regulatory 
agencies—unfortunately something they 
very much lack. In the words of Mr 
Rosen: “At the present time, with 
little exception, the regulatory organis- 
ations of developing countries with 
active nuclear programmes can be 
classified as sub-minimal. In many 
cases they consist of less than 15 full- 
time staff members associated with 
nuclear power activities. This minimal 
staff may not be familiar with the 
disciplines of nuclear safety and may 
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South Korea: first steps into nuclear power, 1974. 
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be in need of extensive training.” 

Without good regulatory agencies, 
developing countries can neither en- 
sure they are being sold safe nuclear 
systems or that they are being operated 
safely. There are several obstacles to 
the setting up of a strong regulatory 
agency in a ‘developing country. First 
of all, nuclear power‘is such a sensitive 
issue politically that few governments 
would risk setting up an organisation 
whose main responsibility would be to 
make critical reviews. Second, there 
is the question of cost which can be 
relatively very high for a small one- or 
two-reactor country. Third, there is 
the lack of technically qualified 
personnel. po % 

To’ minimise their expenditures on 
nuclear programmes, most Third World 
governments hold the budgets of their 
regulatory agencies at very low levels 
both in foreign and local currencies. 
South Korea is a typical example. The 
Korean authorites have been making 
use of foreign consultants for their 
nuclear regulatory programme.’ Two 
separate studies have been completed, 
including one which gives detained re- 
commendations for the organisation of 
the - regulatory body. But the South 
Korean government has still not put 
up the funds for implementing the 
recommendations. South Korea has 
also had an IAEA mission for evaluat- 
ing site and safety reports. Though 
such procedures- are useful, IAEA 
officials themselves do not consider 
them a substitute for a good domestic 
regulatory organisation. Like those of 
South Korea, regulatory units in Tai- 
wan, Philipines and Mexico are also 
very weak. 

At an JAEA-sponsored symposium 
on problems associated with the export 
of nuclear power plants, representa- 
tives of the Mexican Instituto Nacional 
de Energia Nuclear pointed out that 
the Mexican “regulatory body is still 
considered to be working under less 
than ideal conditions. For example, 
licensing actions have been taken with 
insufficient information and the con- 
struction schedule is such that in same 
cases INEN has had to make certain 
judgements without evaluating all the 
relevant safety considerations.”’ 

The Mexican case is particularly in- 
teresting as Mexico obtains its nuclear 
fuel through the IAEA and therefore 
agrees to comply with the applicable 
IAEA safety regulations.. IAEA 
missions have visited the Laguna Verde 
Nuclear Project and identified several 
deficiencies. But little action has been 
taken. The paper quoted above points 
out: ‘Subsequent IAEA missions re- 
ported that little attention had been 
paid to previous recommendations. The 
Agency’s Director General issued a 
second letter to’Mexico’s Ambassador 
to the United Nations. This letter was 
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Western technology meets eastern architecture: Pakistan’s nuclear institute at Islamabad. 


much more critical than' the first one; 


' however, the authors are not aware of 


the response to the letter nor of the 
actions taken by the Mexican govern- 
ment as a consequence.”’ 

The IAEA has a similar agreement 
with Yugoslavia but there the regula- 
tory body is practically non-existent. 
A nuclear plant is under construction 
at Krsko with costs being shared by 
the republics of Croatia and Slovenia. 
Neither of them are interested in 
setting up a regulatory agency, nor are 
the federal authorities because of the 
considerable independence granted to 
the republics under the country’s con- 
stitution. Perhaps the regulatory situa- 
tion will improve when Yugoslavia 
becomes a two-reactor country. In 
India, there is considerable domestic 
competence, but the Atomic Energy 
Commission is both utility and 
regulator. 

The IAEA’s Director General, Dr 
Sigvard Eklund, invited a group of 
international experts to Vienna at the 
end of last month to discuss the safety 
issues thrown up by the Three Mile 
Island incident and the manner in 
which the agency should respond to 
them. The agency is currently prepar- 
ing under its Nuclear Safety Standards 
(NUSS) programme, about 50 books in 
the form of Codes of Practice and 
Safety Guides.. These will certainly 
help regulatory agencies in the de- 


veloping countries to insist upon at 


least minimum requirements for safe 
operation of nuclear plants. But given 
weak regulatory bodies they will clearly 
have a limited impact. 

An important activity that the 
agency could undertake is to send more 
safety missions to help IAEA member- 


. states and possibly set up a system by 


which the agency could inspect power 
reactors. If the member-states of the 


agency were agreeable, there could be 


a resolution at the Board of Governors 
that they will adhere to the safety 
regulations stipulated by the agency or 


there could even be a specific inter- 


national convention. 


It is, however, doubtful whether 


many Third World governments will 
react very favourably to such sugges- 
tions. They could be easily interpreted 
as yet another attempt by western 
governments to control the develop- 
ment of nuclear power in the Third 
World. A simple compromise like — 
making IAEA recommendations only 
advisory and not mandatory could be 
a solution. But if countries lack the 
political will ‘to ensure maximum 
safety or possess systems in which the 
utility is politically far more powerful 
than the regulatory agency, then 
regulatory work can turn out to be 
only a lot of paper work. IAEA safety 
missions could expect a considerable 
degree of hostility. i 

The inspection-related issues > are 
likely to be discussed further at the 
meeting of the IAEA’s Board of 
Governors later this month. The least 
that the agency could do is to step up 
the flow of information amongst 
member-states about nuclear mishaps 
which would help to spread understand- 
ing about how to cope with them. The 
Three Mile Island accident did show 
that proper training of operators is a 
matter of vital importance. 

An activity that the IAEA is plan- 
ning to undertake soon is the organisa- 
tion of an emergency assistance system 
in the case of major nuclear mishaps., 
This would mean maintaining an inter- 
national roster of experts on immediate 
call. The IAEA’s nuclear fire-fighting 
brigade will, however, not be easy to 
operate. Experts will have to be flown 
from various parts of the world which 
will take a considerable amount -of 
valuable time. Nonetheless, such a 
system will be a step in the right direc- 
tion. In the TMI disaster, experts 
were required for several days. 

In spite of international actions, the 
mishap at the Three Mile Island means 
that Third World governments with 
nuclear programmes will have to- be 
more concerned with safety—and de- 
veloped countries will have to ensure 
that safe technologies are transferred, 
especially to places where technical 
skills are still lacking. 0O 
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How Ghana cleaned up on soap 
but failed with nuts and bolts 


In the last of his series, Joseph Hanlon looks at African attempts 
to turn ‘appropriate technology’ into small industries. 


SCIENTISTS and technologists anxious 
to make a contribution to Third World 
development have in recent years often 
turned to ‘appropriate technology’, 
where there is a real need for science 
and engineering input. Several univer- 
sities have set up AT centres, and one 
of the most successful—-measured in 
terms of technology actually put into 
industrial production—is the Techno- 
logy Consultancy Centre (TCC) at the 
University of Science and Technology 
in Kumasi, Ghana. But the TCC’s ex- 
perience shows that despite the need 
for scientific input, the key questions 
are not technical. Despite its success 
by the standards of other AT centres, 
the TCC is increasingly worried about 
its lack of impact in Ghana, and is im- 
plicitly raising questions about the 
whole concept of university AT centres. 

Windmills always seem to be the first 
project that AT centres try: they seem 
such a nice, small, decentralised energy 
technology-—just what the people ‘out 
there’ need. But there are no windmills 
at TCC, “People who have whole re- 
search programmes into windmills ask 
us why we don’t have a windmill pro- 
ject. I ask where the application is—no 
one has ever come and asked us for a 
windmill,’ explains Dr John Powell, 
TCC director. The basis of TCC is that 
it “very seldom comes up with its own 
ideas. If you go to people and say “You 
should do this’, then when you go away 
nothing happens. But if they come to 
you, there is a faint chance it may 
happen.” 

This phìlosophy has led directly to 
the TCC successes. The first came just 
after the centre began in 1972. A local 
man, Mr Baffoe, who made laundry 
starch from cassava, came to the centre 
to ask about making paper glue. 
Schools traditionally make their own 
glue from cassava starch and the ash 
from plantain peel. (Plantain is a local 
banana-like food which is very com- 
mon.) But the glue has a very short 
life and is not rewettable. Baffoe was 
passed on to Dr Rao in the university 
chemistry department, who found a 
non-toxic fungicide to use as a preserv- 
ative, and chemicals for rewettability. 
Baffoe began making the ‘spider glue’ 
in the courtyard of his compound, and 
within a year was a fairly rich man. 

The glue is an ideal example of ap- 
propriate technology. It is made almost 
entirely from local materials and re- 
places an imported product. Baffoe was 
able to supply most of Ghana’s paper 
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glue needs, saving considerable foreign 
exchange, and his glue cost less than 
imported glue on the local market. 
Furthermore, it was small scale, used 
labour instead of capital, and it re- 
quired some scientific input. 

TCC’s biggest success to date has 
been with soap making. Soon after the 
TCC opened, local small scale soap 
makers came to the TCC asking for 
help in improving the manufacturing 
methods. Engineering and chemical 
analysis produced an improved formula. 
With £10,000 from the Ghana govern- 
ment, work began on improved soap 
making tanks. The TCC committee, 
composed of two engineers, a pharma- 
cist, and a chemist, “wanted a mini 
Lever Brothers,” Powell said, but after 
much discussion, the committee was 
talked out of advanced technology and 
tanks using electric kettle elements 
were made. They ‘‘worked well with 
professional supervision on the campus. 
But it proved too sophisticated for 
rural soapmakers. | would expect that 
now, but didn’t then-—it was our first 
big project.” 

With help from the Intermediate 
Technology Development Group 
(ITDG) in London, G. Prakash, a con- 
sultant on small scale soap making at 
the Appropriate Technology Develop- 
ment Association in Lucknow, India, 
went to the TCC. He immediately re- 
designed the tanks to make them easier 
to control, and converted them for 
use on wood fires. Not only was it easier 
for the rural soapmakers to operate, it 
was a better technology—both capital 
and operating costs for the wood fired 
plants were less than half those of the 
electric plants. The project has been a 
considerable success, probably the big- 
gest of any university AT project: 
more than 100 soap making tanks of 
TCC design have been made. 

The soap is produced from palm oil 
and caustic soda. Within a few months 
of the first plant opening, however, 
caustic soda began to run short, and 
TCC turned to the chemical engineer- 
ing department for help. There was an 
acetylene plant in Tema which im- 
ported calcium carbide and reacted it 
with water; the waste product, calcium 
hydroxide was simply dumped outside 
the gate. This could be reacted with 
sodium carbonate, which still has to be 
imported, but at half the price of the 
final caustic soda So a simple electric- 
ally heated, mechanically stirred plant 
was built which produced caustic soda 
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for less than the market price. Six are 
now installed. Shortages of oil for soap 
making led to involvement in oil palm 
plantations, alternative oil seeds, and 
improved oil presses. 

TCC is now a major operation, with 
80 staff and a £100,000 per year bud- 
get. More than half that money comes 
from TCC’s own production units, 
which manufacture soap, nuts and 
bolts, and equipment such as the soap 
making tanks. 

Its biggest project to date is a pyro- 
lytic converter to make charcoal, gas, 
and oil from the sawdust available in 
abundance from the sawmills around 
Kumsai. If wood is burned by the tra- 
ditional charcoal burners, the charcoal 
produced amounts to only 10% of the 
original weight of the wood. By care- 
fully controlling the burning tempera- 
ture in the pyrolosis process, it is 
possible to produce 25% by weight of 
charcoal, plus 10% oil. No fuel input is 
required since the output gas is used 
to dry the sawdust, and the burning 
wood provides its own heat for pyro- 
lysis. The Ghana Government, USAID, 
and the Georgia Institute of Techno- 
logy have all helped in what is a 
quite sophisticated project-—-tempera- 
ture must be carefully controlled, and 
there are special problems because the 
density of hardwood dust is different 
from that of softwoods used in this 
system elsewhere. Nevertheless, a pilot 
plant on the UST campus is already 
processing more than 1 tonne of saw- 
dust a day and has reached 22% char- 
coal and 7% oil. 

From the platform of these successes, 
Powell and others at TCC are now 
raising some questions. They point out 
that appropriate technologies can be 
surprisingly marginal. For example, 
there is a controlled price for soap, and 
when rocketing palm oil prices made it 
uneconomic to produce soap at the 
controlled price, the government gave 
a subsidy to Unilever, but not to small 
soap makers. Eventually, TCC and 
other soap makers had simply to ignore 
the controlled price. Similarly, several 
TCC projects depend on small imported 
items such as bearings and colourings 
that are simply smuggled in because 
import licences are not available. 

Animal feed production from brewers 
spent grain is a case in point. Grain 
left over from brewing ferments within 
a day, and Kumasi Brewery throws 
away 100 tonnes a week. The Depart- 
ment of Biochemistry at UST analysed 
the grain for a local entrepreneur and 
found it suitable as an animal feed 
(a common use of spent grain in other 
countries). TCC developed an effective 
drying process, involving a press and 
sun-drying, and the entrepreneur was 
soon in business. The nearby Guinness 
Brewery bought a highly mechanised 
drying plant at about the same time. 
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This runs at a loss, despite charging 6 
cedis a bag for dried spent grain, while 
the local entrepreneur with his simple 
technology makes a profit at 4 cedis a 
bag. But he is surviving in business 
only because the Kumasi Brewery has 
consistently been refused import 
licenses for machinery like that used 
by Guinness. But how long will that 
continue? 

The successes of TCC, however, only 
make clear its biggest failure. ‘‘Con- 
trary to expectation, entrepreneurs have 
been very slow to follow the lead given 
by the university,” comments vice 
chancellor E. Bamfo Kwakye, a strong 
backer of TCC. He thought that entre- 
preneurs would take things out of their 
hands, as with soap and glue, but this 
has not happened. Many products, such 
as nuts and bolts, are still manufactured 
on campus. There seem to be three 
reasons—the location of TCC, the 
nature of Ghanaian entrepreneurs, and 
economic factors. 

Many small businessmen are unwill- 
ing to come to the large university 
campus outside Kumasi. So TCC has 
decided to go to them. It proposes two 
Intermediate Technology Transfer 
Units in the middle of existing informal 
industrial areas. These would actually 
manufacture products, but they would 
also provide training, designs, and other 
help to upgrade existing craftsmen. 
One unit will be in Suame Magazine, 
Kumasi, Ghana's largest informal 
industrial area, which has thousands 
of craftsmen, like fitters and car- 
penters. The unit there will be in- 
volved in blacksmithing, carpentry, and 
so on, and will have its own machine 
shop. The second unit will be in Ta- 
male, in the north, and concentrate on 
the manufacture and repair of agricul- 
tural equipment. Funding will come 
from the US and Canada. 

The second problem is a lack of 
Ghanaian industrial entrepreneurs. 
Ghana is well known as a trading 
country. It has large markets, and every 
family seems to have one member in- 
volved in trading or transport. This 
may be part of the colonial heritage— 
the British saw Ghana as a source of 
raw materials and a market for manu- 
factured products, but they were rarely 
directly involved in the internal eco- 
nomy, as in their ofher African 
colonies. Local people were encouraged 
to trade, but not to manufacture goods 
which might compete with Britain. 
Trading requires different skills from 
manufacture, resulting in a dearth of 
industrial management expertise in 
Ghana, and this is one factor cited 
as a reason to opt for advanced tech- 
nology, which requires fewer managers 
than decentralised AT. In any case, 
Ghanaians find trading much more 
pleasant—trips and chats are part of 
the work, the hours are flexible, and 
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TCC’s pyrolytic converter: sawdust is burned in the tank and the gases condensed in a water 


collar to produce oil. Left is TCC director Dr John Powell. 


profits can be very high. Industrial 
work, on the other hand, is physically 
hard, much steadier, and often noisy 
and dirty. 

The third problem is economic. As 
Sally Holtermann, an economist who 
recently studied TCC for the Interme- 
diate Technology Development Group 
in London, points out: “in an economy 
where the activity is to be carried out 
by private enterprise, entrepreneurs 
are not going to invest in plant and 
equipment that is not going to yield 
them a profit.” Sometimes Powell re- 
cognises this. But he also told me: 
“You can get awfully confused with 
economics. Sometimes I think it is bet- 
ter to avoid economics and concentrate 
on technology.” 

The result 1s best shown by nut and 
bolt making, Because of import re- 
Strictions, craftsmen in Suame Magazine 
were having trouble getting coach bolts 
for the wooden bodies they make for 
passenger lorries. So the TCC imported 
some used equipment, including cap- 
stan lathes, and set up a shop on 
campus making nuts and bolts. It 
seemed an obvious technology to trans- 
fer—but it hasn't been, for reasons now 
becoming clear. The market is depen- 
dent on import restrictions, since 
imported nuts and bolts, when they are 
available, are one-third the price of 
those made at TCC. Second, making 
one-off motor spares and machine parts 
is just as profitable for the entrepre- 
neur with this machinery, and much 
more interesting than long production 
runs of bolts. And third, TCC found 
out only last year that for four years 
its nut and bolt shop has been losing 
money. It now makes a profit, but not 
enough to interest a Ghanaian business- 
man. 

The response of TCC has been to 
question the attitude of the Ghanaians. 
“If a nation is ripe for development, 
it will go forward, no matter what the 
development technology. India and 
China have reached this psychological 
take-off point, but it hasn’t happened 


here,” Powell argues. “The average 
Ghanaian trader, if he can’t make his 
profit today, isn’t interested. Few 
people here realise that development 
does not take place overnight—you 
have to work for your children’s chil- 
dren.” The answer is not that simple, 
though. Could it be that Ghanaians are 
Suggesting in practice that although a 
technology meets academic definitions 
of ‘appropriateness,’ it may not be 
right for Ghana? 

TCC has received strong official 
backing. It was even mentioned in the 
government's last five year plan. But it 
has had little contact with government 
research and development units. It gets 
strong backing from the university, 
and practical support from a few 
people like Kwakye. But there is vir- 
tually no participation from other 
Ghanaians at the university. Nearly all 
of its work is done by expatriates at the 
university, or by Ghanaians actually 
on the TCC staff, some of whom are 
extremely dedicated. Even Powell men- 
tions the almost complete lack of stu- 
dent interest in TCC. Nor have TCC’s 
successes increased involvement; in 
fact, the opposite has occurred. After 
the success with spider glue, many 
faculty members refused to cooperate 
because they felt they were being ex- 
ploited. And at the centre itself, it is 
the strength of expatriate Powell that 
keeps TCC running. People may come 
in at 7.30 each morning when he is 
there, but they don’t when he is on 
leave. 

Powell himself may have the answer. 
“AT will only work when it is done as 
in India—by people for themselves. 
Here, it’s not Ghanaian professors 
working for Ghanaian peasants. The 
whole thing is an expatriate activity, 
an oboroni [white man’s] hobby. I 
don’t have to use the soap made in my 
factories. It’s technology for them, not 
for us.” But when the other alternative 
is Unilever, perhaps all Ghana can do 
is choose between different oboroni 
technologies. 
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Fibronectin: a function at the junction 


from Clive Lloyd 


THe fact that suspended tissue cells 
attach and flatten on suitable surfaces 
is not only experimentally convenient 
but a powerful example of the trans- 
action between internal musculature 
and the external environment. Involve- 
ment of the cell’s actomyosin system in 
making contact and generating move- 
ment began to emerge some time ago 
and now there is evidence to promote 
the involvement of the extracellular 
molecule, fibronection (also known as 
LETS protein), in forming organised 
cell adhesions, The significance of these 
recent findings is that fibronectin and 
associated extracellular proteins- 
perhaps in a process common to many 
biological events—-stimulate the 
formation of cytoplasmic organisation. 
This raises questions about the nature 
of the transmembrane steering linkage 
between the two systems. 

At the observational level tissue 
culture cells which are spread on a 
culture dish become spheroidal when 
brought into suspension but will flatten 
once more when restored to some 
suitable surface. At the molecular 
level, this cycle of events can be 
described in terms of the development 
of the internal musculature by which 
a cell grips the substratum (Rees ef al. 
Nature 267, 124; 1977) and then the 
loosening of this grip (and hence the 
loss of asymmetrical cell shape) in the 
presence of dissociating agents. Com- 
ponents of this actomyosin system can 
exist in different states of organisa- 
tional complexity (see Lazarides and 
Revel, Sci. Am. May 1979, for a 
graphic account) but conspicuous 
microfilament bundles which charac- 
terise and maintain the well-spread 
cell often seem to ‘crystallise’ out from 
localised points of cell-cell or cel- 
substratum contact. Because not all 
surfaces support active cell spreading, 
the nature of the congenial substratum 
is clearly important in setting up micro- 
filament bundles and this is where 
fibronectin seems to play a major part. 
For instance, transformed cells de- 
ficient in microfilament bundles, 
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spreading ability and cell surface 
fibronectin (LETS) can be converted 
back to a more normal spread mor- 
phology with abundant microfilament 
bundles by the administration of 
fibronectin (Willingham et al. Cell 10, 
375; 1977; AH er al. Cell 141, 115; 
1977). Conversely, the dissociating 
agent trypsin, at low levels, removes 
LETS from the cell surface (Hynes 
Proc. natn. Acad, Sci. U.S.A. 70, 
3170; 1973), perturbs the organisation 
of cytoplasmic microfilament bundles 
and converts well-spread cells into 
rounded ones (Pollack and Rifkin, Cell 
6, 495; 1975). The distribution of 
fibronectin is consistent with its role 
in cell attachment for it can occur as 
a fibrous meshwork sandwiched be- 
tween the cell and the substratum and 
is also observed between cells in 
contact (see Yamada and Olden Nature 
278, 179: 1978 for general review). 
These general properties are an 
already accepted chapter of the 
fibronectin/LETS saga but a more 
detailed examination of the corres- 
pondence between this extracellular 
molecule and the cytoskeleton will be 
required before any reasonable mole- 
cular explanation of their relationship 
emerges, Towards such an explanation, 
Hynes and Destree (Cell 15, 875; 1978) 
used double-label immunofluorescence 
to tackle the problem. They show that 
actin microfilament bundles close to 
the cell's substratum are often (but not 
always) co-extensive with fibronectin 
outside the cell because the rhodamine 
anti-fibronectin and fluorescein anti- 
actin image are, to a reasonable 
degree, superimposable. The resolution 
of this technique is suggested to be 
not greater than 200 nm, but still more 
recent evidence suggests that any 
transmembrane gap between these 
parallel systems of fibres (if one exists 
at all) is of the order of 8-22 nm. 
I. L Singer (Cell 16, 675; 1979) 
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reported electron ndcroscopy of thin 
sections cut through regions where 
internal microfilament bundles and 
external fibronectin-containing fibres 
meet, proposing that the electron-dense 
plaque where the two systems come 
together be called the fibronexus. 
Sections cut approximately parallel to 
the plasma membrane gave the ap- 
pearance of microfilament bundles 
overshooting the plasma membrane 
and continuing on through the extra- 
cellular space—a conclusion that 
Perdue (J. Cell Biol 58, 265; 1973) had 
previously reached by an electron- 
histochemical study of chick fibro- 
blasts. With the benefit of ferritin- 
conjugated antibodies to fibronectin 
(probably not available to Perdue at 
that time) Singer shows that the ex- 
tracellular portion of this transcellular 
highway contains fibronectin. This 
agrees with Hynes and Destree’s ob- 
servations that ‘‘actin microfilament 
bundles frequently terminated before 
the periphery of the cell, whereas the 
co-linear fibronectin often continued 
further towards the edge of the cell 
and even beyond it”. Singer tilted his 
sections through 40° in the electron 
microscope to see if there was any 
hidden gap between the two systems 
but, given the limits to resolution, he 
saw none and the structures remained 
co-linear throughout. This tends to 
suggest that where fibronectin and 
microfilament bundles are related, 
they are related in a 1:1 manner, but 
whether this relationship is co-axial or 
of overlapping ends with some special 
binding structure in between, is an 
open question. The fibronexus, then, 
would seem to be synonymous with 
cell adhesion plaques except that a 
role for fibronectin in forming such 
junctions is now more clearly claimed. 

The recent paper of Thom et al. 
(J. Cell Sci. 35, 281; 1979) bears 
directly on this and concludes that 
fibronectin is necessary for the forma- 
tion of organised junctions, but not 
entirely sufficient. Interference re- 
flection microscopy is a technique that 
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produces a contour-map of the under- 
surface of the cell—the focal points 
of close contact with the glass (‘feet’) 
being darker than more distant areas 
of the cell body. These ‘feet’ are 
known to be the terminations of micro- 
filament bundles (Heath & Dunn J. 
Cell Sci. 29, 197; 1978) and in the 
electron microscope they have a struc- 
ture resembling half of an intercellular 
junction of the adherens type (see 
Heaysman, in Locomotion of Tissue 
Cells, Ciba Symp. No. 14, 187; 1973). 
Thom et al. demonstrate that a line of 
rat fibroblasts attaches and spreads on 
glass pre-coated with fibronectin 
isolated from chick serum but that the 
interference reflection image of ‘feet’ 
remains poor and not fully organised 
unless other components of serum are 
also present. 

Such other components may there- 
fore either directly participate in the 
organised adhesion or may merely 
maintain the cell until it can tailor its 
own fibronectin into more favourable 


arrangements than occur adsorbed 
onto pre-coated glass. 
As for the internal face of the 


junction, Singer echoes the view that 
the fibronexus may be the nucleation 
centre for actin bundle formation, 
quoting Lazarides and Burridge’s ob- 
servation (Cell 6, 289; 1975) that the 
Z-band protein of skeletal muscle (a- 
actinin, which holds actin thin fila- 
ments in ordered arrays) is also pre- 
sent at the termini of microfilament 
bundles in non-muscle cells, In keeping 


with this are Geiger and S. J. Singer’s 
findings (Cell 16, 213; 1979) that 
various specific extracellular ligands 
cause receptors to accumulate into 
patches and caps on the surfaces of 
various cells at the same time that 
a-actinin forms sub-caps at the 
cytoplasmic face of the membrane. 
Inferences to be drawn from this 
include the possibility that o-actinin 
provides the hinge between actin and 
integral membrane receptors, or that 
a-actinin may collect together actin- 
linked receptors, This takes on further 
shape for adherent fibroblasts in 
Badley et al.'s recent work (Expl Cell 
Res. 117, 231; 1978) in which cell 
bodies were removed from glass by a 
stream of buffer, leaving ‘feet’ behind 
in the same pattern as they existed in 
the intact cell. All of the components 
discussed so far in terms of a trans- 
membrane assembly could be detected 
by immunofiuorescence at these adhe- 
sion plaques: actin, myosin, tropomyo- 
sin, a-actinin, LETS (but not tubulin 
or serum albumin). 

Putting all this together, fibronectin 
is a sticky protein which agglutinates 
red blood cells (Yamada ef al. Proc. 
natn. Acad Sci. U.S.A. 72, 3158; 1975); 
has a binding site for collagen (Hahn 
and Yamada, Proc. natn. Acad. Sci. 
U.S.A. 76, 1160, 1979); may be closely 
associated with sulphated proteoglycans 
(Perkins ef al. Cell 16, 941; 1979) and 
may therefore help organise biological 
matrices. It is concentrated at points 
of cell contact and can be traced 


Nucleic acid statics and dynamics 


from Stephen Neidle 


RECENT years have seen a revival of 
interest in structural studies of both 
nucleic acids themselves and of model 
systems for them. The impetus for this 
can be attributed to various causes~it 
comes from work on chromatin and 
transfer RNA; from visualisation of 
the structures of nucleic acid frag- 
ments, sometimes complexed with drug 
and mutagen molecules, and from the 
emergence of new and powerful tech- 
niques, “especially the advent of high- 
resolution nuclear magnetic resonance 
spectroscopy. It was perhaps timely 
that at a recent meeting on ‘molecular 
stereodynamics’* half the sessions 
were concerned with such topics. 
Even though hypothetical non- 
double-helical models for DNA are 
largely discounted (Arnott Nature 


*A conversation on Stereodynamics of 
Molecular Systems was held at the State 
University of New York, Albany, on 
23-24 April, and was organised by R. H. 
Sarma under the sponsorship of the State 
University of New York and the General 
Electric Company. 
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278, 780; 1979; Crick et al. J. molec. 
Biol. 129, 449; 1979), there is lively 
interest in non-classical double helices. 
Levitt’s analysis from empirical energy 
function calculations has suggested 
that in solution DNA has about 10.5 
rather than 10 base pairs per turn, with 
the base normals markedly tilted from 
the helix axis and the base pairs 
themselves having propeller-like twists 
(Proc, natn. Acad. Sci, U.S.A. TS, 640; 
1978) D. M. Crothers (Yale) presented 
data from transient electric dichroism 
studies on drug-DNA intercalation 
complexes which seem to support some 
features of the Levitt model. In these 
structures, the drug chromophores are 
tilted by an average of about 20° from 
the perpendicular to the helix axis; 
nonetheless the nucleic acid was not 
observed to bend or kink à la Sobell 
(J. molec, Biol. 114, 333; 1977). Such 
observations can only be rationalised 
by evoking partial unstacking and 
tilting of base pairs at the inter- 
calation site. This in turn suggests a 
base-pair twist angle in DNA of 17°, 
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across the membrane to actin micro- 
filament. Just as the external contact 
may be stabilised by components of 
the extracellular matrix, so the or- 
ganisation at the internal face of the 
junction may be underpinned by a- 
actinin, However, any communication 
across the membrane is likely to be 
two-way because external fibronectin 
stimulates internal microfilament 
bundle formation while, conversely, 
breakdown of the bundles by cytoch- 
alasin B (Kurkinen et al. Expl Cell 
Res. 111, 127; 1978) causes the release 
of fibronectin from the cell surface. 

Of course, there is strong evidence 
that the cytoskeleton can be modulated 
indirectly by the addition of cyclic 
nucleotides to cells (see Pastan and 
Willingham Nature 274, 645; 1978) but 
in cases where the contractile cell 
fiexes its muscle against the outside 
world (in attaching to cells and other 
biological surfaces, during cell migra- 
tion and phagocytosis), a direct linkage 
is likely to be of prime importance. 
It has been suggested that many classes 
of external peripheral proteins cluster 
against one common class of trans- 
membrane protein which alone holds 
the hot-line to cytoplasmic microfila- 
ments (Bourguignon and Singer, S. J. 
Proc. natn. Acad. Sci. U.S.A. 74, 5031; 


1977). The name given to this 
postulated molecule is perhaps an 
eloquent summary on the current 


debate about how outside and inside 
hinge together—it has been called 
‘protein X’. G 


as does Levitt’s model. L. S. Lerman 
(State University of New York, 
Albany), the originator of the inter- 
calation concept, reported on his 
studies of DNA torsional elasticity 
probed with spin-labelled intercalators. 
Evidence was presented for substantial 
internal movement within the double 
helix; a single base pair oscillates about 
the helix axis with a root mean square 
amplitude of about 5°. 

Nevertheless detailed structural data 
on nucleic acid-drug intercalation 
complexes (as opposed to hypothetical 
models), is still largely lacking. A 
favoured indirect approach to this 
problem is through the study of model 
systems. The pioneering  crystallo~ 
graphic studies of H. M. Sobell (Uni- 
versity of Rochester) on drug- 
ribodinucleoside complexes have 
clearly illustrated the intercalation 
phenomenon at this level. Sobel! inter- 
prets these structures in terms of DNA 
complexes possessing kinks at the 
intercalation sites—this in turn has led 
him to suggest that DNA is a 
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dynamically kinked-unkinked struc- 
ture. The basis for kinking, alternating 
sugar pucker of residues at the inter- 
calation site, was challenged by the 
results of H. M. Berman (Institute for 
Cancer Research, Philadelphia) and S. 
Neidle (King’s College London), who 
find that for dinucleoside complexes, 
the nature of the sugar pucker (a 
parameter known to be (‘soft’) is 
probably unimportant. A. Rich (Massa- 
chusetts Institute of Technology) has 
also examined the crystal structures of 
several of these model intercalation 
complexes, and concludes that the ex- 
pression of sugar flexibility in them 
depends on whether or not the parti- 
cular drug involved interacts with the 
phosphate group in the backbone. It 
is not clear to what extent such drug 
_~ribodinucleoside complexes are mean- 
ingful models for the drug-DNA com- 
plexes themselves. As Berman 
emphasised, great caution is needed in 
extrapolating from the model systems. 
Indeed, the data presented by Crothers 
suggest that the model complexes may 
be related to the DNA ones in rather 
more subtle ways than hitherto be- 
lieved, 

High-resolution nuclear magnetic 
resonance (NMR) is in principle a 
powerful probe of oligonucleotide con- 
formation in solution, so as to provide 
data complementary to that from the 
crystal structures, as well as dynamic 
information. However, complete 
analyses of the spectra in terms of 
molecular geometry of even a relatively 
simple system such as a drug: 
dinucleoside one, have not been made. 
In spite of this proviso, NMR has 
been most useful in the study of many 
aspects of intercalation complexes. 
T. R. Krugh (University of Rochester) 
has shown that the simple inter- 
calators such as ethidium show a 
marked sequence preference on bind- 
ing, with pyrimidine—purine ones being 
preferred. This is the reverse of the 
preference shown by actinomycin D, 
which Krugh and his associates have 
shown to exhibit sometimes un- 
expected nucleic acid-binding be- 
haviour. For example, although it has 
been known for many years that the 
drug requires a guanine at its binding 
site (and thus does not bind to poly 


(dA-dT).poly(dA-dT) ), the anti- 
tumour intercalator daunomycin, 
which does bind to this polymer, 


actually creates noncompetitive actino- 
mycin binding sites. 

D. J. Patel (Bell Laboratories) has 
been examining by proton NMR the 
structural dynamics of synthetic poly- 
nucleotides both with and without 
intercalating drug. He presented 
further evidence for the ‘softness’ of 
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the sugar pucker in such systems. 
However, it is not clear whether, at 
least for an intercalative complex, the 
mixture of sugar conformers observed 
indeed represents a true alternating 
sugar situation (as propounded by 
Sobell), or a mixture of conformational 
populations. The power of the NMR 
method in conjunction with molecular 
model-building was well shown by 
R. H. Sarma (State University of New 
York, Albany) and his colleagues, who 
have examined models for the novel 
vertically stacked double helix sug- 
gested by Olson (Proc. natn. Acad. 
Sci. U.S.A. 74, 1775; 1977). The con- 
cept of nucleic acid flexibility was 
further taken up by N., R. Kallenbach 
(University of Pennsylvania), who has 
examined the equilibrium and 
dynamics of transient base-pair break- 
age by following proton exchange 
rates, a simple yet powerful structural 
probe. Kallenbach concludes that 
indeed there are transient open states 
(analogous to Sobell’s picture of DNA 


‘breathing’). 
Gleaning of dynamic properties 
from crystallographic results is 


necessarily an indirect process. How- 
ever, both Rich and S.-H. Kim (Uni- 
versity of California, Berkeley) 
valiantly attempted to confront this 
problem armed with their data from 
both small oligonucleotide and transfer 
RNA studies. Nucleic acids are in- 
herently flexible, and tend to respond 
to their environments (be they drugs, 
counter-ions or proteins), in well 
defined, or at least preferred ways. 
It is apparent that even short stretches 
of double helix can easily be bent 
under the influence of directional ionic 
forces; in transfer RNA the axis of 
one helical stem has been observed to 
bend by some 25°. More con- 
troversially, Rich suggests that DNA 
winding around the histone core in 
chromatin is due to histone location 
on only one side of the double helix. 
The related problems of solvent ac- 
cessibility and exposed surface area 
in nucleic acids were discussed by 
Kim, who emphasised the importance 
of knowing which are in fact the 
penetrable regions of these molecules, 
when considering possible interactions. 
By considering the Van der Waals 
radii of the atoms in a nucleic acid, 
he has shown, for example, that in 
(classical) B-DNA the minor groove 
can accommodate only very small 
probes, This distinctive method of 
looking at nucleic acids gives essentially 
a static picture; however Kim con- 
siders that the use of individual atomic 
thermal parameters as a description of 
motion may well lead to knowledge 
of dynamically accessible surface areas. 

There are perhaps more distinct 
theoretical approaches to the pre- 
diction of nucleic acid conformation 
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A hundred years ago 


Tue Italian State Secretary for Public 
Buildings has sanctioned the plans 
submitted to him for the construction 
of an observatory on the summit of 
Mount Etna. 


THe Anthropological Exhibtion at 
Moscow seems to be one of great 
interest. It is contained in a vast 
building lent by the Minister of War, 
and is used in winter for drilling 
soldiers, and the exhibition has been 
rendered as picturesque as it is 
scientific. A garden which has been 
arranged most artistically for the 
purpose presents, among other 
features, a very remarkable “palzon- 
tological valley.” This is planted with 
lycopods, gigantic ferns, and other 
fossil plants; this forest is inhabited by 
models representing megatheriums, 
mammoths, ichthyosaurs, &c. On 
miniature mountains, the age of which 
is indicated by artificial geological 
sections, are shown fac-similes of 
Russian, French, Danish, and other 
tumuli. Besides this, an ethnological 
garden is peopled with models 
representing the principal human 
types, especially those of Russia. There 
is, besides, a remarkable anatomical 
and craniological exhibition. Alto- 
gether this is one of the most 
remarkable anthropological exhibitions 
ever brought together, and has been 
an immense success. 


Dr MicitucHo Macray the Russian 
explorer, with an Italian, Chevalier 
Bruno, and Capt. Leeman, have sailed 
from Sydney for New Guinea, in the 
American schooner Laddie, F. Caller, 
chartered for a twelvemonth’s cruise. 
2,500/. has been spent on the equip- 
ment. The expedition is intended to be 
both scientific and commercial. New 
Caledonia, New Britain, and other 
islands are to be visited. 


From Nature 20, 5 June, 131, 134; 1879. 


than there are actual practitioners of 
such arts. The experimentalist tends 
to treat all of them with a healthy 
scepticism. It was thus gratifying that 
S. Broyde (New York University), 
reporting on her semi-empirical energy 
calculations with B. Hingerty (Oak 
Ridge National Laboratory), with a 
model for the coil form of the poly(U) 
conformation, was able to show that 
the low-energy form suggested agrees 
with hydrodynamic and NMR data on 
poly(U). W. K. Olson (Rutgers Univer- 
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sity) has used the methods of polymer 
chain statistics in assessments of DNA 
flexibility dependence on chain length. 
Her results suggest that very small 
changes in just a few conformational 
parameters of individual residues lead 
naturally to very considerable flexi- 
bility in the polymer as a whole. 
These contributions signify some of 
the more promising directions in which 
nucleic acid structural studies are 
going. All of these, however ‘biological’ 
the nucleic acid environment may be 
in an experimental situation can only 
provide in vitro data. One must look 
in the future to techniques such as 
those involving NMR described by 
S. S. Danyluk (Argonne National 
Laboratory), for information from 
intact biological systems. ‘= 


Scrambling of 
Rydberg states by 
thermal radiation 


from Peter Knight 


ALL atomic systems are immersed in 
a bath of blackbody radiation, a 
background thermal field characterised 
by the ambient temperature of the 
body. For the most part physicists 
interested in radiative transitions of 
excited atoms just ignore the existence 
of this field, principally because the 
number of blackbody photons with a 
frequency close to the atomic 
transition under study is vanishingly 
small, so that stimulated processes due 
to background thermal fields are 
negligible. Nevertheless, if the tran- 
sition frequency is small enough, the 
Planck distribution of thermal photon 
numbers ensures that stimulated 
emission and absorption will begin to 
take over from purely spontaneous 
radiative decay. 

Recent experiments by Gallagher 
and co-workers at the Stanford 
Research Institute have indicated that 
transitions between very highly 
excited Rydberg states are sensitive to 
background thermal fields. At the 
transition frequencies that interest 
them, the thermal photon occupation 
number at room temperature can be 
as high as 10. The stimulated absorp- 
tion and emission of this background 
radiation rapidly  redistributes an 
initially excited state population 
among its neighbours and considerably 
shortens the lifetime of some states. 
Consequently it would seem quite 
difficult to observe the decay of a 
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single isolated Rydberg state in these 
circumstances: after a very short 
time a distribution of states rather 
than a single state exists. 

In their first paper, Gallagher and 
Cooke (Phys. Rev. Lett. 42, 835; 1979) 
report the observation of the shorten- 
ing of the sodium radiative np life- 
times by a factor of 3 by 300K 
blackbody radiation induced emission 
and absorption. They measured the 
effective lifetime of the 17p and 18p 
States of sodium produced by sequen- 
tial excitation by two dye laser pulses 
driving the 3s->3p->18p or 17p tran- 
sitions, These states can be detected 
by field ionisation by a d.c. field, with 
a pulsed technique which allows them 
to monitor the time-evolution of the 
excited state population. Their results 
indicate that the lifetimes are a factor 
of three shorter than the calculated 
T=OK lifetimes, in agreement with 
their fairly simple analysis. They 
believe discrepancies between theory 
and experiment for transitions 
observed by other workers can be 
explained by thermal background 
effects. They also calculate that 
radiative redistribution of population 
among neighbouring states of different 
/-quantum number due to the thermal 
field can be as important as collisional 
redistribution. This could well have 
astrophysical implications. Gallagher 
and Cooke also calculate the a.c. Stark 
frequency shifts produced by the 
thermal field. These had, in fact, been 
investigated theoretically some years 
ago by Barton (Phys. Rev. AS, 468; 
1972) and by Knight (J. Phys. AS, 
417; 1972), and the results of 
Gallagher and Cooke are in agreement 
with those earlier quantum electro- 
dynamic calculations. The thermal 
field shifts all the close-lying Rydberg 
States upwards in energy by an equal 
amount of the order of kilohertz. Low- 
lying states are shifted by a much 
smaller amount according to the 
theoretical work of Barton and Knight. 
So photoabsorption from a low-lying 
State to a Rydberg state may well ex- 
hibit temperature-dependent shifts, 
although these have yet to be seen. In 
a further paper, Gallagher and Cooke 
discuss the use of Rydberg atoms as a 
detector of 300 K blackbody radiation 
(Appl. Phys. Lett. 34, 369; 1979), hing- 
ing on the sensitivity of field-ionisation 
as a monitor of highly excited state 
populations. They suggest that tempera- 
tures of less than 25 K could be 
detected by Rydberg-atom systems. 

It is interesting to the theorist that 
the atom immersed in a radiation field 
is quite different from an isolated 
atom. The radiation bathing the atom 
also dresses it, so that what started as 
an isolated state is scrambled into a 
distribution of nearby states with transi- 


; tion frequencies determined at least in 
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part by the local environment. Hot 
atoms aren’t just moving faster than 
cold atoms (and therefore the ensemble 
emitting a wider Doppler-broadened 
line); each hot atom is distinctly dif- 
ferent from a cold atom in its radiative 
properties. 2 


Proteins of iron 
metabolism 


from Pauline Harrison and E. R. Huehns 


THE main topics discussed at the 
recent, fourth International Con- 
ference on Proteins of Iron Meta- 
bolism*—transferrin, the iron trans- 
port protein, and ferritin, the iron 
storage protein—are both in their 
own way still subject to considerable 
controversy. Transferrin has long 
been known to have two iron- 
binding sites, but whether these are 
identical structurally and, if different 
whether this has physiological import- 
ance, as Fletcher and Huehns proposed 
(Nature 218, 1211; 1968), has been 
argued about at the previous three 
meetings. 

B. Gorinsky (Birkbeck College, Lon- 
don) presented a ‘6A resolution model’ 
of rabbit transferrin while J. E. Abola 
from Pittsburgh had studied hen ovo- 
transferrin. The rabbit molecule 
consists of two lobes which can be 
described approximately by ellipsoids. 
The longest axes of these ellipsoids are 
inclined at about 30° to one another. 
The maximum overall dimensions of 
the molecule are approximately 100 x 
50X40A. Both lobes exhibit clefts in 
the vicinity of the join. In one lobe 
the cleft is close to a column of strong 
electron density which could be « helix, 
and on the opposite side of this lobe 
there is a strong feature which at 
higher resolution may prove to be B 
sheet. From other work it can be con- 
cluded that there is one iron-binding 
site on each domain and that the N- 
terminal binding site can be dis- 
tinguished from the C-terminal one. 
Several investigators (J. Williams, Bris- 
tol; P. Aisen, New York; H. G. Van 
Eijk, Rotterdam) utilised electro- 
phoresis in 6M urea, as described by 
Seal and Mackay (Biochim. biophys. 
Acta 453, 250; 1976), to separate the 
four species of transferrin-—apotrans- 
ferrin, diferric transferrin, and the two 
species of monoferric transferrin, one 
with iron on the N-terminal site only 


' and the other with iron on the C-ter- 


minal site only——and to measure their 
distribution after the addition of iron 
to apotransferrin in vitro and in 


*Held in Davos on 17-21 April 1979. 
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plasma. The results show that the 
distribution of iron on the two 
binding sites is not random both in 
in vitro loading experiments and 
in plasma in vivo. How far the 
results will confirm the detailed predic- 
tions of the socalled Fletcher-~Huehns 
hypothesis has not been determined. 
But the non-equivalence of the two 
iron-binding sites and the non-random 
distribution of iron on them in plasma 
seems to be established and is presum- 
ably of some physiological importance. 

An interesting approach to the evolu- 
tionary significance of transferrin was 
that of F. M. van Bockxmeer and 
E. H. Morgan (Western Australia) who 
compared the binding of transferrin to 
heterologous receptor cells and, from 
the relative affinities, constructed an 
evolutionary family tree for transfer- 
rin. Several investigators attempted to 
isolate the transferrin receptors from 
reticulocytes (J. Glass, Boston) or the 
placenta (E. B. Brown, Hong Kong 
and St Louis), but this work is still in 
its early stages. 

Since the conference in 1977, ad- 
vances have been made in the determi- 
nation of the structure of the 
iron-storage protein, ferritin. P. Har- 
rison (University of Sheffield, UK) 
described the interpretation of the 
2.8A resolution electron density map 
of horse spleen apoferritin, in terms of 
a symmetrical arrangement of 24 equal 
subunits of 60 % a-helix content. The 
sequence determination is nearly com- 
plete (R. R. Crichton, Louvain-la- 
Neuve, Belgium) and interpretation 
of the three-dimensional map with 
sequence data is in progress. A com- 
plete description of this structure, now 
in sight, opens up the prospect of being 
able to settle arguments on how the 
ferritin molecule accumulates and re- 
leases its iron. Perhaps it may also lead 
to eventual agreement on the problem 
of ferritin heterogeneity, still a con- 
fused area. Differences in ferritin mol- 
ecules both within and between pre- 
parations have been observed by 
electrophoretic and immunological 
methods. It now seems clear that 
these differences cannot all be 
explained by a single unifying 
hypothesis, such as that of J. 
Drysdale (Boston) who has pro- 
posed that all ferritins are hetero- 
polymers of two subunits of different 
primary structure. Observations of 
apparent subunit size differences persist 
in some ferritins, although some types 
of reported heterogeneity may be 
methodological artefact. It now seems 


Pauline Harrison is Professor of Bio- 
chemistry at the University of Sheffield, 


UK. E. R. Huehns is Professor of 
Haematology at University College, 
London. 


0028-0834/79 /0279-—0477 $01 .00 


unequivocal that ferritins from differ- 
ent cell types may differ in charge. 
For example, this was reported for fer- 
ritins from rat liver Kupffer cells and 
hepatocytes by J. W. Halliday (Bris- 
bane, Australia) and from bullfrog red 
cells and liver cells by E. C. Theil 
(Raleigh, N. Carolina) who also re- 
ported amino acid composition differ- 
ences. 

Several workers produced evidence 
that iron-loading changes the ‘isofer- 
ritin? pattern, but it is not clear 
whether this results from selective syn- 
thesis and/or degradation, or from 
post-translational modification. M. 
Worwood (Cardiff, UK) found that a 
fraction of serum ferritin is modified 
by glycosylation, a fraction which may 
alter in diseased states. These workers 
also reported that the immunological 
properties of circulating ferritin in 
patients with malignant disease are 
similar to those of ferritin from normal 
spleen. A molecule with high iron- 
content (significantly different from 
ferritin) has been found in ŒE. coli 
grown on iron-rich media by E. R. 
Bauminger (Jerusalem and Rehovoth, 
Israel), suggesting that a means of con- 
serving iron or of compartmentalising 
unneeded iron, is more widely required 
than hitherto recognised. On the other 
hand, iron-storage may not be the 
whole story with ferritin. Immunosup- 
pression in patients with Hodgkin’s 
disease may be partly linked with the 
presence of ferritin on their lympho- 
cyte surfaces. 

The last session of the conference 
concerned the management of trans- 
fusional iron overload, and although 
there were no new approaches, several 
investigators confirmed that maximal 
iron excretion could be best achieved 
using daily subcutaneous desferriox- 
amine with vitamin C supplements. The 
production of animal models of iron 
overload was also described by G. Mc- 
Laren (Cleveland) and M. Awai (Oka- 
yama, Japan). O 


Ion-driven 
inertial fusion 


from Richard C. Arnold 


Tue first experiments using pulses of 
light ions to implode a hollow target, 
which might in the future be scaled 
up to produce inertial-confinement 
fusion, have been reported (Phys. Rey. 
Lett. 42, 610; 1979) by a group at the 
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Sandia Laboratories in the US. 


Previous experiments have been car- 
ried out for some years with lasers and 
electron beams (see Stickley Phys. To- 
day 50; April 1978); thermonuclear 
burn has been achieved in both cases. 
The light ion driver experiments re- 
ported, with pulse energies of 0.5 tera- 
watt, are as yet at least one order of 
magnitude too weak to produce a 
measurable neutron yield (in fact, no 
attempt was made to use deuterium or 
tritium), but are sufficiently powerful 
to allow meaningful diagnostics of 
target response. 


Ion beams can be produced with high 
electrical efficiency, and deposit their 
energy very effectively in the metallic 
surface of a fusion target. In these 
respects light or heavy ion-beam dri- 
vers are superior in principle (compare 
Sci. Am. 239, 50; 1978) to existing 
laser systems. However, the physics 
and technology required to arrange 
focusing of intense ion beams on a 
small target for implosion purposes has 
been questioned, particularly for light 
ions of low kinetic energy (~1MV) and 
high currents (21 MA) required for an 
inertial-fusion reactor. The Sandia ex- 
periments have demonstrated that a 
major fraction of their ions can be de- 
posited on thin (~4 um) conical target 
shells about 1 cm in diameter, driving 
the shell inward in an axially symme- 
trical implosion. A plasma temperature 
of 12 eV was achieved at the peak of 
collapse (thermonuclear burn in this 
configuration would probably require 
about two orders of magnitude greater 
temperature). 

The pulsed-power technology used 
in these light-ion experiments is 
relatively inexpensive compared with 
the heavy-ion multi-gigavolt accelera- 
tor technology (see Nature 276, 19; 
1978) now under development with a 
view to commercial power applica- 
tions. AS a consequence, fusion target 
experiments with light ions will prob- 
ably be done much earlier than in 
the US heavy-ion programme. The 
latter technology, however, has many 
potential advantages for commercial 
reactor design. For example, heavy-ion 
beam propagation over several meters 
in a reactor vessel is expected to be 
classical and relatively straightforward; 
while for light ions, such long-distance 
propagation must be carefully arranged 
through a pre-ionised neutralising 
plasma channel, raising serious ques- 
tions of possible propagation instabili- 
ties at the low kinetic energies used. 
Propagation and focusing on a small 
spot (< 1 cm) thus need to be demon- 
strated with light ions, and several 
groups in the US (at Sandia, Cornell 
University and the Naval Research 
Laboratory) are investigating this 
question. L 
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A decade of 
plate tectonics 


from A. Hallam 


J. Tuzo WILson is widely acknowledged 
as one of the founding fathers of the 
new global tectonics. Because he has 
been successively Professor of Geophy- 
sics and Principal of Erindale College 
in the University of Toronto, before 
taking up his present position of Direc- 
tor of the Ontario Science Centre, it is 
appropriate that the university recently 
held a conference* to honour his multi- 
farious contributions to earth science. 
Although various topics were discussed, 
including the early thermal history of 
the Earth, electromagnetic studies of 
the crust and the origin of ore deposits, 
the dominant theme was plate tec- 
tonics. Approximately a decade has 
passed since plate tectonics became 
generally accepted, and the meeting 
provided a valuable means of finding 
out how the subject was now being 
studied in a range of disciplines and 
of taking stock of the current state of 
knowledge. 

Much of the critical research lead- 
ing to the earth sciences revolution was 
in the fields of rock magnetism and 
seismology, and several leading workers 
were present to outline recent advances. 
Both A. Cox (Stanford University) and 
E. Irving (Earth Physics Branch, 
Energy, Mines and Resources, Ottawa) 
indicated how detailed palaeomagnetic 
studies in alliance with geological 
research demonstrate that extensive 
sectors of the Western Cordillera of 
North America had either rotated or 
been translated northward for sub- 
stantial distances in the late Mesozoic 
and early Tertiary. While Irving was 
concerned essentially with northward 
movement of two landmasses, Wran- 
gellia and Stikina, Cox dealt mainly 
with inferred rotations. To apply sail- 
ing terms, the structural geologist 
studies pitch and role but only the 
palaeomagnetist can determine the 
yaw. D. York (University of Toronto) 
showed how a combination of palaeo- 
magnetic and isotope studies could 
help to unravel complex events in the 
Precambrian and confirm, for example, 
the reality of the polar wandering event 
about 10° years ago known as the 
Grenville Loop. 

A quite different approach to rock 
magnetism was adopted by F. J. Vine 
(University of East Angha) who con- 
cerned himself with the record of 
reversals of the geomagnetic field re- 
vealed by ocean floor anomalies, and 
demonstrated how further detailed re- 


* The symposium was held at the Uni- 
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search could reveal information on 
variations in intensity of the field in 
space and time, which can delimit 
changes in the strength of the dipole 
and non-dipole field components with 
time. 

Seismological data originally pro- 
vided strong evidence for the delimita- 
tion and character of plate boundaries, 
and attention is now being directed 
more to seismicity within plates. L. R. 
Sykes (Lamont-Doherty Geological 
Observatory, New York) indicated 
that intraplate earthquakes tend to 
be concentrated along pre-existing 
zones of weakness affected by the 
youngest orogeny that predates the 
opening of the present oceans. Many 
such zones, marked by fault and suture 
lines and failed rifts, were reactivated 
during the early stages of continental 
separation. In contrast, intraplate 
shocks rarely occur within the older 
oceanic lithosphere or within ancient 
continental cratons. 

The seismic reflection profiling 
method, developed by the oil industry 
for the study of sedimentary basins, is 
now being applied to the study of the 
structure of the continental basement. 
The most interesting result so far, as 
described by J. Oliver (Cornell Uni- 
versity) is the discovery that the Blue 
Ridge and Piedmont provinces of the 
Appalachians are allochthonous and 
have been thrust at least 275 km 
westwards. 

Appropriately enough, considerable 
attention was paid to the Wilson Cycle 


of ocean opening and closure, the 
principal preoccupation being the 
character of subduction zones. 


S. Uyeda (Earthquake Research Insti- 
tute, Tokyo) presented a model of two 
contrasted types of subduction zone 
exemplified by the eastern and western 
sides of the Pacific, which was 
developed in more detail by J. F. 
Dewey (State University of New York, 
Albany). Flat subduction trajectories 
produced by flat mantle flow and/or 
the subduction of young lithosphere 


produces pervasive compressional 
strain in the overriding slab at high 
slip-rates. Steep subduction trajec- 


tories, subduction of old lithosphere 
and low slip-rates induge back-arc 
spreading. Dewey went on to argue 
that plate tectonics in its present form 
has been in operation for about 
2x10’ yr, a view supported by 
P. Hoffman (Geological Survey of 
Canada) in his description of an early 
Proterozoic Wilson cycle in northern 
Canada. 

Similarly, there was accord between 
Dewey and W. R. Dickinson (Stanford 
University) that a tectonic mosaic in- 
volving horizontal motions was already 
in existence in Archaean times, and 
the model of early continental evolu- 
tion put forward by S. Moorbath (Uni- 
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versity of Oxford) was consistent with 
this interpretation. Moorbath argued 
strongly that isotopic data pointed to 
continental growth by irreversible dif- 
ferentiation of the upper mantle 
throughout geological time, rather 
than by reworking and regeneration of 
much older crust. Intriguingly enough, 
Tuzo Wilson was once most widely 
known for his notion of continental 
accretion, albeit at a time when he was 
a staunch opponent of continental 
drift. 

Other aspects of subduction were 
dealt with by W. S. Fyfe (University 
of Western Ontario), who argued for 
substantial subduction of sediments, a 
view contested by Moorbath, and A. 
Miyashiro (State University of New 
York, Albany). Miyashiro concerned 
himself with metamorphism and esti- 
mated that W. G. Ernst’s successive 
models of the high pressure—low tem- 
perature zone had greatly improved 
our detailed understanding, whereas 
serious problems remained with the low 
pressure—-high temperature zone, not- 
ably the origin of the magmas gen- 
erated there. It seems that the old, 
widely accepted model assuming mag- 
ma generation by simple partial melting 
of the oceanic crust in a descending 
slab is no longer tenable. 

A reassessment of Panagaea recon- 
structions and time of Mesozoic break- 
up was undertaken by A. Hallam 
(University of Birmingham). The 
familiar 1-km isobath computer recon- 
structions were inaccurate in detail 
because it is now known for many 
regions that the boundary of conti- 
nental and oceanic crust must occur 
beneath 2-4 km or even greater depths 
of ocean, breakup having been pre- 
ceded by extensive stretching and sub- 
sidence. Furthermore, there may be a 
long time interval between initial 
taphrogenic activity (‘rifting’) and 
creation of ocean floor by spreading 
(‘drifting’). A. J. Boucot (Oregon State 
University) expressed scepticism about 
reconstructions of changing continental 
positions in the Palaeozoic and 
attempted to show by plotting fossil 
and climatically significant sediment 
distributions that an unchanging Pan- 
gaea was as satisfactory a model as 
any. On the other hand, H. Williams 
(Memorial University, Newfoundland) 
argued that geological evidence in the 
Appalachians supported the view that 
the lapetus was a major ocean. 
Problems indeed remain in reconstruct- 
ing continental positions in the 
Mesozoic and Cainozoic, but they 
seem to be child’s play in comparison 
to earlier periods of time. Our best 
hope would seem to rest with the 
palacomagnetists. G 
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There has been a growing conviction during the past few years within the high-energy physics 
community that a fundamental theory of the strong interaction has been found. This theory is called 
quantum chromodynamics (QCD) and if correct it will be a major triumph for theoretical physics. In 
this review we trace the experimental and theoretical developments which gave rise to QCD, outline its 
basic properties and discuss its successes and remaining problems. 


THE fundamental forces in nature are conventionally divided 
into four categories. They are, in order of their apparent 
strengths, strong, electromagnetic, weak and gravitational 
interactions. Two of these, electromagnetic and gravitational 
interactions, are long range and hence dominate our physical 
surroundings; so they are the most familiar and best understood. 
On the other hand, both strong and weak interactions are 
extremely short range (they only occur over distances 
©1071? cm), so their relevance and study are primarily limited to 
the disciplines of nuclear and elementary particle physics. The 
weak interaction is responsible for phenomena such as B decay 
of neutrons into protons and neutrino interactions with matter; 
in addition it violates some otherwise exact symmetries of nature 
such as parity and time reversal invariance. The weak inter- 
action gained notoriety recently because of the success of the 
Weinberg-Salam model’? in combining weak and electromag- 
netic interactions into one theory. Finally, there are the strong 
interactions, which had until recently been poorly understood; 
but some very significant advances have been made and these 
are reviewed here. 

The strong interaction is primarily known for its role as the 
powerful short-range force that binds protons and neutrons 
together inside atomic nuclei. In that capacity, the nuclear 
binding force is usually described as being due to the exchange of 
mesons (strongly interacting integer spin particles) such as pions 
between nucleons. High-energy accelerator experiments during 
the past several decades have shown that nuclear binding is 
merely one of many manifestations of the strong interaction. We 
now know that, in addition to the proton, neutron and light 
mesons, many other hadrons exist which are produced and 
interact with one another via the strong force. (The term hadron 
refers to any strongly interacting particle.) There are evidently 
an infinite number of hadrons which vary from the familiar 
stable proton to highly unstable resonances which live for much 
less than a billionth of a second in the laboratory. The task of a 
fundamental theory of the strong interaction is to account for all 
these diverse hadrons and to provide a dynamical description of 
their properties. 
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The current view is that the observed hadrons are not ele- 
mentary particles but are bound states of truly elementary 
constituents called quarks, and that strong interactions between 
hadrons are merely epiphenomena of the more fundamental 
forces between quarks. Of course, the forces that bind quarks 
together inside hardons must be extraordinarily strong, as 
experiments have not revealed an isolated free quark. 
Furthermore, we now believe that the strong interactions 
between quarks may be fully described by a quantum field 
theory called quantum chromodynamics (QCD). We describe 
here some of the major experimental and theoretical develop- 
ments which gave rise to the emergence of QCD as a viable 
theory of the strong interaction. 


The quark model 


THERE are hundreds of known hadrons (an infinite number if 
excitation levels are included) which exhibit widely diverse 
properties. This observed spectrum of hadrons is divided into 
two classes, mesons which have integer spin (0, 1, 2...) such as 
the pion (7), kaon (K), and rho (p) and baryons which have 
half-integer spin (1/2, 3/2 ...) such as the proton (p), neutron 
(n), lambda (A), and omega (Q). Examination of their specific 
properties indicates that mesons and baryons can be further 
subdivided or grouped into multiplets in which the members are 
all quite similar. This classification scheme is called the eightfold 
way”: it provides the same kind of organisation for hadrons as 
the Periodic Table does for chemical elements. It was the 
regularity of these multiplet groupings that led Gell-Mann and 
Zweig to conjecture that all hadrons could be built up as bound 
states of a few fundamental spin 1/2 constituents called quarks. 
Their conjecture is the basis of the quark model*”’. In this 
scheme, mesons are bound states of a quark (q) and antiquark 
(q), while baryons are constructed from three quarks qqq (anti- 
baryons are made out of three antiquarks 494). (Note that an 
antiparticle has the same mass as a particle but exactly 
opposite quantum numbers.) The mesons and baryons so con- 
structed should have integer electric charge, even though their 
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constituent quarks carry:fractional charge. Using these simple’: 


rules one can build all the observed hadrons out of quarks. The 
quark model has been very successful in predicting new hadronic 
states and correctly describing their properties. It is one of the 
cornerstones of elementary particle physics. 

. Five distinct: species of quarks, or flavours, are known. In 
cies of increasing mass, the quark flavours are up (u), down (d), 
strange (s), charm (c) and bottom (b). It is also generally believed 
that a sixth flavour, the top quark (t), exists at an energy 
` somewhat higher than that now probed by accelerators. The up 
and down quarks are the lightest; next comes the Strange quark 
which is about 50 times heavier than the up quark. All hadrons 
discovered before 1974 (the year of the J/ particle’s dis- 
covery" °) are’ built up out of these three flavours (u, d, and s); 
that is why they formed the basis for the eightfold-way 
classification scheme. Charm and bottom flavours are more 


recent additions to.the quark model. They are respectively about - 
375 and 1,125 times heavier than the up quark, so their ` ` 


existence could only be uncovered by modern day high-energy 
accelerators. The top quark’s mass is thought to be larger still; 


there may also be other even heavier flavours waiting to be 


discovered. All quarks carry fractional electric charge; the d, s 
and b have charge —1/3 (in units of the proton’s charge) while 
the u,c and t (?) have charge +2/3. These, with other quark 
properties, are shown in Table 1. 





' Table 1: Quark flavours and their properties 





` Quark. eT ne 
- flavour © Symbol Mass ratios* Charge . Baryon no. Spin 
Up . u 1. +2/3 1/3 1/2 
‘ Down d Zo eS . ~1/3 1/3 . 1/2 
Strange. S 50 —1/3 1/3 1/2 
Charm - | c 375 ` ` +2/3 . 1/3 od 
Bottom b 1,125 -— 1/3 1/3 1/2 
` Top (?) : t 3,375 (?) , 


+273 . 1/3 1/2 





* With respect to Mau; it is usually estimated that.m,~4 MeV. 


= Within the quark model framework, all known hadrons can be 
' built up out of the five quark. flavours u, d, s, ç and b (see Fig. 1). 

For example, the proton is a bound state of one down and two up 
quarks while the neutron is made out of one up.and two down 
quarks. Similarly, ‘strange’ hadrons can be made using the s 
quark. An example of a meson is the recently discovered spin 1 
. J/& particle*? which is now recognised as being merely one 
energy level of charmonium, that is a bound state of charm and 
anticharm (c+¢). Similarly, an even more recent meson’? , the 
upsilon T, is thought to s an energy, level of bottomonium 
(b +b). 

An assumed property of the strong interactions between 
. quarks i is that they are flavour independent and flavour conserv- 
ing. This accounts then. for the strong interaction conservation 
laws observed at the hadronic level such as isospin, strangeness, 
and charm conservation. Only weak interactions change the 
l flavours of quarks. They are responsible for flavour changing 
decays of, hadrons such as the. beta decays n> p te +7,, and 
A> pt +eT+ 5.. 

All our knowledge regarding. quarks has been obtained 
indirectly from the properties of hadrons, as an isolated quark 
has never been observed. Given the outstanding success of the 
quark model; why have free quarks never been observed? Are 
quarks so.tightly bound together that they cannot be dislodged 
from their hadronic domains? The apparent impossibility of 
ao avers has been one.of the, great puzzles of the quark 
model, : : 


Deep-inclastic ı scattering experiments 


Although the quark model was- very successful in classifying and 
accounting. for the observed hadrons, there was no compelling 


‘hadron. This is' called scaling behaviour’? 
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evidence that hadrons were actually built up out of quarks until 
the electroproduction experiments! were carried out at the 
Stanford Linear Accelerator Center (SLAC) in 1968. These. 
experiments provided direct evidence that hadrons are really 
made up out of point-like elementary constituents. | 

The prototype SLAC experiment consisted of scattering a 
very high-energy (~20 GeV) beam of electrons on a proton 
target (see Fig. 2). (The electron (e) belongs to a class of 
elementary particles called leptons, which can interact elec- 
tromagnetically and weakly but not strongly. Other known 
leptons are the muon (u ), tau (7) and the associated neutrinos v., 
vy, and v.) As electron-proton scattering proceeds via the 
electromagnetic interaction as shown by the virtual photon 


_ exchange in Fig. 2, it provides a good way of probing the 


proton’s internal structure. If the proton’s electric charge were 
diffused throughout the internal structure, then at very high 


- energies the inelastic scattering cross-section would be expected 


to decrease very rapidly. That'was not observed. Instead, the 
cross-section decreased slowly in a manner that suggested 


_the proton’s electric charge was concentrated in point-like 


constituents; these .were .the quarks inside the proton. 
When high-energy neutrino beams became available, they were 


also used as hadronic probes and predictions based on the quark 


model were again confirmed. 

A surprising picture emerged from these deep-inelastic scat- 
tering experiments. Although the strong interactions of quarks 
seem to be very complicated at low energies, they become much 


simpler at high energies. Indeed, at very high energies (or 
, equivalently at very short distances) it was found that quarks 


behave as though they were essentially free Particles inside the 
. Contrary to the 
behaviour of all other known fundamental. forces, the strong 
interaction actually diminishes as one probes nearer the quark. 
An explanation of this remarkable dynamical property had to 
await the advent of QCD. 


Colour 


In the late 1960s it became clear that the simple quark model 
was inadequate. In addition to flavour, quarks must carry an 
additional quantum number which has come to be known as 
colour’’. Each quark flavour comes in three distinct colours; 
that is, there are really three times as many quarks as previously 
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Fig. 1 ‘Pictorial description of the quark content of a few well 
known hadrons. Inside hadrons, quarks act like free point-like 
particles. . ‘ 


described. For example, there are red, green and blue up quarks 
denoted by u, Us W; they are identical in all respects (mass, 
charge and so on) except colour. Similarly, the other flavours 
also come in these same three colours (d,, d,, dy, Srs Se, Sp, and so 
on). Why was this colour degree of freedom necessary? 
Colour was originally introduced as a way of reconciling quark 
statistics with the observed low-lying baryon spectrum. As 
quarks have spin 1/2, they should obey Fermi statistics, that is 
all quantum states should be anti-symmetric (change sign) under 
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Fig. 2 Deep-inelastic electron-proton scattering proceeding 
through the electromagnetic interaction. The final state contains 
many hadrons. 


the interchange of two identical quarks. However, this expec- 
tation seemed to be violated by the lowest energy baryons. For 
example, the Q (see Fig. 2) is made up of three spin 1/2 strange 
quarks; so according to Fermi statistics its wave function should 
be antisymmetric under the interchange of any two of these 
quarks. But the Q` has total spin 3/2 so the spin part is 
symmetric; and as it is the lowest energy state of three s quarks, 
they ought to have zero orbital angular momentum relative to 
one another, thereby implying that the spatial part of the wave 
function is also symmetric. However, the total wave function is 
then symmetric under quark interchange in violation of Fermi 
statistics. This apparent inconsistency is overcome by giving 
each of the quarks an additional degree of freedom, colour. 
Then antisymmetrising the state in the quarks’ colour variables 
renders the Q` overall antisymmetric and resolves the problem. 
The antisymmetrised Q` state is denoted by 


(sis? s-s] s2s?+sis2s2—sis2si +s! s2s2~—s's7s2) 67!” 


where the superscript labels the three distinct quark wave 
functions; note that it changes sign if any two quarks are 
interchanged (for example, 1 <2), as required. In the same way 
all baryons are made antisymmetric in colour; they have zero net 
colour. (Our choice of the standard primary colours for the 
quarks was arbitrary; however, it helps convey the physics, as 
equal admixtures of these colours yield a colourless state.) 
Mesons are colourless because they are made from a quark + 
antiquark which must have opposite colour quantum numbers. 

The introduction of colour also resolved other problems, one 
of which was the decay rate of the neutral pion into two photons, 
a°-» 2y. The experimentally observed rate was nine times larger 
than the quark model’s prediction. Introducing colour increased 
the number of intermediate quark states and the corresponding 
pion decay amplitude by a factor of 3. In this way the predicted 
rate was increased by the necessary factor of 9 = 3°, which is 
further convincing evidence for three colours. 

Another indication of colour’s requirement came from the 
quantity R which is the ratio of the cross-sections for electron- 
positron annihilation into hadrons and muons, R= 
glee” ~hadrons)/a(e*e > yu). Without colour, the 
experimental value of R was three times larger than the quark 
model’s prediction. Introducing a factor of 3 for colour brings 
them into agreement. The three pieces of input, baryon statis- 
tics, 7° > 2y decay rate and the value of R are the best available 
evidence for colour. 

Why is this additional quantum number called colour? The 
nomenclature colour provides a convenient way of describing 
the fact that the observed hadrons do not carry this new quan- 
tum number, they must be colourless. It is equivalent to the 
mathematical statement that each quark flavour transforms as a 
triplet representation under an internal SU(3), colour sym- 
metry; but physical hadron states are all singlets. 

The quark model when appended with the SU(3). colour 
symmetry provides a good description of the observed hadronic 
spectrum. However, it fails to account for the dynamics of the 
strong interaction and leaves unanswered some obvious ques- 
tions. Why do quarks inside hadrons behave as though they were 
free when we probe them in very high-energy experiments or 
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equivalently, why does the strong interaction’s strength 
decrease in the vicinity of quarks? Why are free quarks or any 
other coloured hadronic states not observed in nature? QCD 
answers the first question and, we believe, may also answer the 
second one. 


Gauge theories 


Quantum chromodynamics is a particular example of a general 
class of theories called non-abelian gauge theories. Significant 
developments in our understanding of these theories have 
occurred during the past decade which set the stage for QCD’s 
emergence. Some of these advances will be outlined after we 
have briefly explained the fundamentals of gauge field theories. 

The basic idea of a gauge theory is that a continuous symmetry 
or global invariance property of a lagrangian field theory can be 
made into a local invariance by introducing compensating gauge 
fields into the theory. This means that given a field theory which 
possesses a symmetry such as U(1), SU(2), SU(3) or any other 
Lie group, the theory can be extended to a gauge theory which 
has that symmetry at each point in space-time individually. The 
new symmetry is called a gauge symmetry because it implies that 
we can choose our measuring standard (gauge) (such as, SU(2) 
isospin basis) differently throughout space-time without chang- 
ing the physics of the theory. 

The most familiar example of a gauge theory is electromag- 
netism. In that case the symmetry group is U(1) corresponding 
to the freedom of changing the phase of any electrically charged 
field (v(x) >e“%d(x)); a symmetry that follows from charge 
conservation. Extending this to a local U(1) gauge invariance 
(y(x)>e'?'w(x)) requires the introduction of a single gauge 
field, the electromagnetic vector potential A,(x), which 
becomes the photon field in the quantum theory. 

Quantum electrodynamics (QED), the quantum field theory 
of the electromagnetic interactions of charged particles and 
photons, is our most successful gauge theory. It is renormalis- 
able, which means that all short distance (ultraviolet) diver- 
gences encountered in perturbation expansions can be absorbed 
into the definitions of the physical parameters (electric charge, 
masses, and so on); in terms of these quantities all predictions of 
the theory are finite. QED’s predictions for precisely measured 
quantities such as the anomalous magnetic moments of the 
electron and muon and the Lamb shift in hydrogen are in perfect 
agreement with experiment. The incredible accuracy of QED 
strengthens our belief that renormalisable theories and gauge 
theories in particular, may also provide good descriptions of the 
other fundamental interactions. 

The generalisation of the principle of local gauge invariance 
from the electromagnetic U(1) group to an arbitrary Lie group 
was accomplished by Yang and Mills’* in 1954. Their work 
showed that the number of required compensating gauge fields 
equals the number of group generators and that in the case of 
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Fig.3 Diagrams depicting: a, electron~electron electromagnetic 
interaction via the exchange of a virtual photon; 6, quark-quark 
strong interaction via the exchange of a virtual gluon; c, ghuon- 
gluon strong interaction via the exchange of a virtual gluon. 
c illustrates the essential difference between QED and QCD 
(photons do not self-interact); this novel feature gives rise to 
asymptotic freedom and perhaps colour confinement as weil, 
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non-abelian groups (SU(2), SU(3) and so on) the gauge fields 
interact among themselves; a novel feature with extraordinary 
consequences. 

Non-abelian gauge theories lay dormant until two theoretical 
advances were made. The first was the development of a pro- 
cedure for quantising non-abelian gauge theories by Faddeev 
and Popov’. It elevated them from classical field theories to 
quantum field theories in which the interacting fields could be 
identified with particles (quanta). The second was a formal proof 
of the renormalisability of non-abelian gauge theories which 
came from the work of °t Hooft and Lee and Zinn-Justin'’®"’ in 
1971-73. This put non-abelian gauge theories on as firm a 
theoretical footing as the successful QED, and made them 
potential candidates for describing the other fundamental 
interactions. 

An immediate outgrowth of the work just described was 
renewed interest in the Weinberg-Salam model'” of weak and 
electromagnetic interactions which is based on the gauge group 
SU(2)xU(1) (often called quantum flavourdynamics 
(QFD)). This theory describes and unifies all known weak and 
electromagnetic phenomena; it has been very successful in 
predicting now observed neutrino neutral current scattering 
cross-sections’? and parity violating asymmetries in deep- 
inelastic polarised electron scattering”. These successes provide 
objective evidence that non-abelian gauge theories do describe 
physical phenomena. 


Asymptotic freedom 


In 1973 a remarkable property of non-abelian gauge field 
theories was uncovered by Politzer and Gross and Wilczek?®”’. 
They found that because of the self interactions among gauge 
fields, these theories exhibit the property of asymptotic 
freedom. That is, the strength of the interactions mediated by 
non-abelian gauge fields becomes vanishingly small at asymp- 
totically high energies (or equivalently at very small distances). 
These theories behave almost like free field (non-interacting) 
theories in the asymptotic energy regime. This was precisely the 
property observed in the deep-inelastic scattering experiments: 
at high energies quarks inside hadrons behave as though they 
were free. Furthermore, it was shown that non-abelian gauge 
field theories are the only field theories which exhibit asymptotic 
freedom”. An obvious conclusion was that the strong inter- 
actions between quarks must be mediated by non-abelian gauge 
fields. 


Quantum chromodynamics emerges 


The asymptotic freedom of non-abelian gauge theories fits 
beautifully with the quark model of hadrons and the require- 
ment for three hidden quantum numbers called colour; from 
these distinct ideas and discoveries quantum chromodynamics 
(QCD) emerged (QCD is reviewed in ref. 23). The basic ingre- 
dients of QCD are the following: each quark flavour (u, d, s, c, b, 
and so on) comes in three colours (for example, red, green, and 
blue) which differentiate what would otherwise be three iden- 
tical quarks. The three colours of quarks (u,, u,, U») transform as 
a fundamental triplet of the group SU(3). where the subscript c 
stands for colour. This SU(3), symmetry is an exact symmetry of 
nature; it is never violated. The key new idea of QCD is that the 
SU(3). symmetry must be a local gauge symmetry. This exten- 
sion to a local SU(3), gauge symmetry requires the introduction 
of eight vector gauge fields called coloured gluons (correspond- 
ing to the eight generators of the SU(3), group) which transform 
as an $U(3), octet. The gluons are massless spin 1 quanta which 
mediate the strong interaction between coloured quarks (see 
Fig. 3). In that way, gluons are to QCD what photons are to 
QED; however, an extremely important difference is that gluons 
carry colour and therefore interact strongly among themselves, 
while photons are electrically neutral and therefore cannot 
directly interact with one another. This distinction gives rise to 
asymptotic freedom in QCD (the effective coupling between 
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fields decreases at short distances) and perhaps other dramatic 
consequences as well. 

The flavour quantum number of the quarks plays no role in 
the OCD strong interaction; all flavours of quarks interact 
strongly with one another in the same manner. Colour inter- 
actions are flavour blind while weak and electromagnetic inter- 
actions are colour blind. 

The immediate success of QCD was that it incorporates all the 
earlier successes of the quark model with colour. Furthermore, 
this quantum fileld theory has all the observed strong inter- 
actions symmetries, flavour conservation, parity and time 
reversal invariance, and no additional unobserved symmetries. 
Also, if a theory of the weak and electromagnetic interactions 
such as the Weinberg-Salam model is appended to QCD it does 
not disturb these strong interactions selection rules except by 
small, calculable amounts, nor do the strong interactions disturb 
weak and electromagnetic phenomenology. 

One can go beyond symmetries to real dynamics. The prop- 
erty of asymptotic freedom inherent to this exact non-abelian 
gauge theory accounts for the scaling phenomena observed in 
deep-inelastic electron and neutrino scattering experiments. It 
explains why at very high energies quarks act as though they 
were free particles inside hadrons. Furthermore, we now know 
that the scaling behaviour is not exact. There are small 
logarithmic deviations from exact scaling predicted by QCD and 
they are experimentally observed, a beautiful confirmation of 
the theory”. 

The fact that QCD’s strong interaction gauge coupling 
constant decreases as the energy domain probed increases 
(which follows from asymptotic freedom) allows one to calculate 
high-energy QCD effects perturbatively in this small coupling. 
Today an enormous effort is underway to compute QCD pre- 
dictions for lepton~hadron and hadron-hadron scattering pro- 
cesses using perturbation theory. One observed effect that 
perturbative QCD accounts for nicely is the jet structure of 
final state hadrons produced in electron-positron annihilation 
(e*e” > hadrons) at high energies—the tendency of hadrons to 
be produced with very little transverse momentum in streams of 
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Fig.4 An unsuccessful attempt to free a quark from a bound state 

meson. The energy expended in pulling the quarks apart goes into 

creating a quark-antiquark pair out of the vacuum and thereby 

leads to two colourless mesons. Quarks and their colour remain 
confined. 


narrow jet-like cones’’. In principle it is possible to calculate 
QCD predictions perturbatively to arbitrary precision in such 
high energy kinematic regimes and compare with experiment; 
thereby rigorously testing the viability of QCD. 

Another experimental-consistency check of QCD involves 
bound state mesons of heavy quark flavours. Heavy quark 
systems are a good test for QCD because the binding interaction 
is at short distances, so the coupling is diminished and pertur- 
bation theory becomes applicable. For example, charmonium 
which is a bound state of c and ¢ quarks has been vigorously 
investigated using QCD (charmonium is reviewed in ref. 26). In 
this way, the observed energy level splittings and various partial 
decay rates of charmonium have been reasonably well 
explained. The more recently discovered upsilon T, which is a 
bound state of b and b quarks, should provide an even better 
system for investigating QCD effects as the coupling strength for 
that very massive quark system is even smaller, 

Using QCD one should eventually be able to calculate hadron 
masses, the couplings between mesons and baryons, strong 
interaction cross-sections, essentially all strong interaction 
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phenomena. At present, the optimism surrounding QCD results 
from the fact that it is not contradicted where it can be checked 
experimentally. We can expect QCD to be subjected to more 
rigorous tests in the future. 

There are still some outstanding problems confronting the 
OCD field theorist, the foremost being to prove the absolute 
confinement of colour. Because quarks, gluons and coloured 
bound states have never been observed, colour must be some- 
how confined (not physically observable) in QCD. It is believed 
at present that as one tries to break a colourless hadron apart 
into its coloured constituents, the potential energy grows 
linearly until there is enough energy to create new quark- 
antiquark pairs and gluons out of the vacuum. In this way the 
hadron can divide into several colourless hadrons, so that 
quarks, gluons and their colour remain confined (see Fig. 4). 

One way that this scenario might be realised in QCD is 
through ‘infrared slavery’—the opposite of asymptotic freedom. 
Infrared slavery means that the self-interaction of non-abelian 
gauge fields causes the inter-quark and -gluon couplings to 
become very large at large distances (perhaps infinite). This 
accounts for strong quark binding and might, hopefully, imply 
colour confinement. 





Fig.5 a, Electric field lines between positive and negative electric 

charges. b, Sketch of the anticipated colour field lines between a 

quark and antiquark. The lines in (a) give rise to a Coulombic 

potential ~1/r, and those in (b) give rise to a linear confining 
potential ~r. 


Another possibility is that the colour gluon fields may form a 
flux tube or string between colour sources. If the coloured flux in 
the tube is conserved it is easy to show that the potential energy 
between sources rises linearly with the separation, implying 
confinement of colour (see Fig. 5). 

Another idea is that the vacuum state surrounding a hadron is 
a very complicated strong coupling regime. The hadron is a little 
bag or bubble in this vacuum describing a two-phase system. The 
quarks and gluons inside are in relatively free motion. Only if the 
quarks or gluons try to escape from the bag do they experience 
strong confining forces. This is essentially the phenomenologic- 
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ally successful MIT bag model (see the review in ref. 27). The 
problem is to show that such a bag picture of hadrons actually 
follows from QCD. 

There are other problems besides that of the colour 
confinement. The pion (ar) seems experimentally to be a collec- 
tive excitation of quarks rather than an atomic bound state. This 
property of pions can be understood as the spontaneous break- 
ing of the right-left symmetry of the quarks (chiral symmetry). 
The problem is to show that in QCD chiral symmetry is actually 
spontaneously broken. 

A new class of gauge field configurations, instantons”*, have 
recently been discovered in the classical non-abelian gauge 
theories and they may provide a better understanding of the 
quantum theory (for example, QCD). In the quantum theory, 
instantons imply that tunnelling takes place between topologic- 
ally distinct vacuum states. There are already suggestions that 
instantons may be responsible for breaking chiral symmetry in 
QCD thus elucidating the pion’s properties. Instantons may also 
lead to a two-phase structure in QCD—strong and weak coup- 
ling—that could give rise to a bag picture of confinement si 
Many theorists are trying to solve these problems and elucidate 
QCD’s properties. 


Outlook 


OCD and QFD (Weinberg-Salam model) are both non-abelian 
gauge theories. Together they describe strong, weak and elec- 
tromagnetic interactions. The next natural step is to embed 
these two distinct theories in a larger compact covering Lie 
group, for example, SU(5) (ref. 30), and thereby construct a 
grand unified theory of strong, weak and electromagnetic inter- 
actions. Such a theory has only one gauge coupling constant, so 
all three interaction strengths are equal at very short distances 
(true unification); however, this unification only becomes 
apparent at ultra-high energies ~10'° GeV. In these types of 
models leptons and quarks belong to the same group represen- 
tations. So leptons, such as the electron, are very much like 
quarks; but they are not strongly interacting and are liberated 
because they do not carry colour. A novel prediction of many 
such grand unified models is that baryon number is not 
absolutely conserved; so the proton may actually decay! (Its half 
life is 7, = 10°% yr.) This predicted instability is being looked for 
experimentally. Ultimately, one wants to bring gravity into 
this unification scheme; however, in spite of much effort a 
renormalisable quantum theory of gravity is not known to exist. 

For decades high energy theorists have sought a fundamental 
theory of the strong interaction: many are now convinced that 
QCD is the answer. It can be explicitly written down as a 
renormalisable quantum field theory; the problem has become 
to solve OCD and make further experimental contact. The 
endurance of the concept of a continuum quantum field theory 
as a way of understanding physics at 107'? cm and smaller is 
especially remarkable. 

The shift in emphasis from searching for the theory of the 
strong force to solving it may revitalise the symbiosis of mathe- 
matics and physics in the coming decades. Strong interaction 
physics could become like atomic physics after the Schrödinger 
equation. 

This work was partly supported by the US ERDA under 
contract EY-76-C-02-2232B. 
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A new lithostratigraphic classification is proposed for the 
Makapansgat Limeworks hominid site. The Makapansgat 
Formation is defined in terms of constituent members and 
beds. The new terminology is correlated with that used 
previously and hominid finds are linked to the newly 
defined lithostratigraphic units. 


THE stratigraphy of the hominid site at Makapansgat Lime- 
works, where Australopithecus africanus was discovered in 
association with a rich fauna in 1947, has been described in 
several publications. Between 1947 and 1957 several broad 
descriptive classifications were proposed’. The first detailed 
Stratigraphic and sedimentological analysis appeared in 1958 
(ref. 6) and has provided the standard lithostratigraphic sub- 
division of the deposit until recently. The re-appraisal of the 
hominid deposit reported here was necessary because earlier 
studies omitted several important subdivisions within major 
stratigraphic units. In this re-appraisal I call the hominid-bear- 
ing deposit the Makapansgat Formation. 


Location and origin 


The Makapansgat Formation comprises a large cave filling at the 
Makapansgat Limeworks (24°08' S, 29°11’ E). It is exposed both 
at surface and abandoned lime quarries at elevations of 1,440- 
1,475 m. At the surface the maximum dimensions of the deposit 
are approximately 200 x 115 m, increasing slightly with depth. 
The outcrop area is associated with a pronounced bench on the 
steep southeastern slopes of the Dorps river valley. 

The deposition and subsequent modifications of the sedimen- 
tary sequence were very similar to those at the Sterkfontein 
hominid site, described previously’. A similar origin, conform- 
ing to the model of karst development proposed for the Trans- 
vaal®, is postulated for the original solutional receptacle at 
Makapansgat. The Malmani dolomite here dips south at a low 
inclination; together with joints and small faults, this small dip 
caused preferential solution and influenced the form of the 
original cavern”. Considerable modifications resulted from later 
roof collapses. The present water table is controlled by the 
episodic Dorps river, and is usually below the level of the valley 
floor, ~15 m below the base of the formation. 

Small remnants of the original dolomite roof are preserved 
over the deposit, but much of its surface has been bevelled by 
erosion of the hillside. Reconstructions based on the positions 
and inclinations of the roof segments suggest that the maximum 
elevation of the original roof reached ~20 m above the present 
surface. Hence the absolute thickness of the deposit may have 
approached 50 m in places; less than 60% of this is preserved. 

As with the Sterkfontein Formation’, the stratigraphic rela- 
tionships are complex, and the schematic column in Fig. 1 
merely reflects the relative average thicknesses of the various 
units in accessible areas of the deposit. 
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Lithostratigraphy 


Samples were prepared in the same way as those from Sterk- 
fontein’. They were recovered in vertical succession from four 
areas at an average vertical separation of <2 m; supplementary 
samples were recovered from other localities to monitor lateral 
variations in sedimentary facies. 

The very coarse (>2 mm) fraction of all units was examined 
visually. In the lowest members (1-3) it is chiefly bone and 
broken speleothems, although occasional pebbles and cobbles 
of dolomite, chert, quartzite and shale occur in Member 3. In 
Members 2 and 3 much of the bone is stained with pyrolusite, 
and many of the broken speleothems show post-depositional 
weathering. In Member 4 the very coarse fraction is pre- 
dominantly angular cobbles and boulders of chert and dolomite: 
many individual fragments are fresh on one or two faces with 
thin weathering skins on others, indicating that they accumu- 
lated through intracavernous collapses of the roof and projec- 
ting ledges. The finer component includes subrounded chert 
pebbles and cobbles whose deeper and more uniform weather- 
ing is compatible with an extracavernous colluvial source. 
Occasional weathered quartzite pebbles and cobbles are 
present. Quartzite and shale horizons are interbedded in the 
Malmani dolomite on the upper valley slopes to the south-east 
of the site. 

The very coarse fraction of Member 5 consists overwhelm- 
ingly of deeply weathered subangular to subrounded dolomite 
pebbles and cobbles with few chert and quartzite pieces. 

Member 1 is exposed over most of the cave above the 
irregular dolomite floor, or overlying large collapsed roof- 
blocks. It consists of 0.5-15.0 m of white banded reddish-brown 
(5 YR 5/4), recrystallised meso- and macro-crystalline calcite, 
locally contaminated with silty loam (clayey, sand-silt). It is 
thickest in two major stalagmitic bosses, one aligned north- 
south through the Entrance Quarry (see Fig. 2), the other along 
the south-east wall of the cave. Concentrations of bone, some- 
times as articulated partial skeletons, are present in the distal 
areas; occasional moderately inclined centimetre beds and 
cross-beds are visible. The evidence suggests that extracaver- 
nous components entered through a relatively small opening 
near the northern end of the cave. CaCO; generally exceeds 
80% and average ¢@ mean is 6.0 (¢ is the negative logarithm to 
the base 2 of the particle diameter (mm)). Sediments are poorly 
sorted’ and leptokurtic or highly leptokurtic with pronounced 
positive skewness. Crystalline minerals (in decreasing order of 
abundance) are quartz, kaolinite and sericite. Typical parti- 
culate roundness and sphericity are 0.3 and 0.5 respectively, and 
conform with those of present external colluvial soils. As in most 
succeeding units, quartz particles predominate: chert and 
dolomite grains are infrequent. Pyrolusite and ferric skins are 
present on a few particles. Contact is abrupt and wavy. 

These features suggest episodic subaqueous deposition of the 
clastic material with illuvial enrichment in fines. Cross- 
stratification indicates locally channelled flow during episodic 
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storms, with relatively high water velocities occurring away from 
high points in the floor near the centre and entrance of the cave. 
These could have swept carcasses from the entrance into distal 
recesses. 

Member 2 is exposed to the west and south-west of both the 
Entrance and the Exit Quarries, where sedimentation occurred 
penecontemporaneously in two separate depositories separated 
by a high area in the surface of Member 1. It consists of 
2.0-10.0 m of yellowish-red (5 YR 5/8), and, less frequently 
light to medium red (2.5 YR 6/6 and 4/8) or light reddish- 
brown (5 YR6/4), mostly centimetre-bedded and cross- 
bedded, silty loam (clayey sand-silt), containing frequent broken 
speleothems, recrystallised calcite lenticles, and with local 
concentrations of bone, including some articulated partial 
skeletons in distal areas. Pebble-sized rolled calcite and bone 
fragments have sometimes been retained in irregularities in the 
inclined surface of Member 1 near the position of the original 
cave opening, and marked lateral changes of facies are evident. 
Occasional lenses of spongy collophanite and oolitic concretions 
occur near the top of the member, which has a very uniform 
upper surface at approximately 1,458 m. CaCO; averages 56% 
and average @ mean is 5.3. Sediments are poorly to very poorly 
sorted and mesokurtic to leptokurtic and samples have a wide 
range of skewness from negative to positive. Crystalline 
minerals are quartz, sericite and haematite. Typical roundness 
and sphericity are 0.1 and 0.5, indicating higher angularity than 
is characteristic of the present external colluvial soils. A few 
particles have pyrolusite and ferric skins. Contact is eroded, 
slightly wavy and abrupt, and truncates the uppermost cross- 
beds. The sedimentology indicates deposition of this member 
beneath the fluctuating surface of a water table which reached 
about 1,458 m, with local flushing of some fines into more 
distant depositories. Fairly widespread cross-beds with rolled 
calcite pebbles and bones in the proximal facies indicate chan- 
nelled flow with relatively high water velocities down the irre- 
gular, sloping surface of Member 1. As in Member 1, these flows 
could have carried carcasses into recesses. The collophanite 
lenses indicate significant bat populations towards the end of this 
deposition. 

Member 3 is exposed at the southern end of the cave to the 
east and west of the Cone area, where it consists of 0.5-2.0 m of 
abundant bone fragments (some semi-articulated) in a matrix of 
very pale brown (10 YR 8/3 and 8/4) and brownish-yellow 
(10 YR 6/6), sometimes blotched reddish-brown (2.5 YR 5/4) 
and black, sandy to silty loam (slightly clayey silty sand), 
containing extensive calcite intergrowths, numerous broken 
speleothems, occasional pebbles of dolomite, chert, quartzite 
and shale, carrion fly pupae, a few coprolites and frequent 
pockets of collophanite. Most of the deposition occurred in the 
stalactite fringe immediately below the dolomite cave roof, and 
crude stratification is present within the bone fragments 
between stalactite clusters. Flow diversion around the latter has 
increased bed-shear and created extensive bone lags showing 
variable particle orientations. CaCO, averages 67% and 
average @ mean is 4.6, Sediment samples show much variation, 
but are generally very poorly sorted and platykurtic to 
leptokurtic with a wide range of skewness from negative to 
positive. Crystalline minerals are quartz, fluorapatite, sericite 
and chlorite. Typical roundness and sphericity are 0.3 and 0.5, 
and a very few particles have pyrolusite skins. Comminuted 
bone and chert particles are relatively abundant. Where 
Member 3 is present vertically below Member 4, for example 
east of the Cone, it is overlain by some 0.5 m of laminated, 
recrystallised meso- and macro-crystalline calcite. Contact 
between Member 3 and calcite is slightly wavy and abrupt. 

The characteristics of Member 3, which has produced the 
majority of the fauna and hominid remains, are consistent with 
rapid alternations in depositional conditions with the occurrence 
of several short, high-energy cycles, which coincide with large 
fluctuations in concentration of the isotopes C and '*O in the 
calcite fraction of the matrix'®. Quieter episodes apparently 
alternated with vigorous flows which carried bone fragments and 
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Fig. 1 Stratigraphic column of the Makapansgat Formation. 


485 


486 


dismembered carcasses towards the back of the cave and 
winnowed some finer particles. Between sheetfloods decom- 
posing carcasses attracted carrion flies. The restricted roof 
height and distance from the cave opening argue against any 
lengthy occupation of this area by predators or scavengers; such 
creatures probably concentrated their activities near the cave 
mouth. Their coprolites could have been incorporated in the 
deposit during episodes of quieter flow. 

Member 4 consists of beds A and B. Bed A is exposed chiefly 
in the Entrance Quarry and is composed of 0.5-2.0 m of pink 
(5 YR 7/4) or light red (2.5 YR 6/6), locally decimetre-bedded, 
silty loam (clayey silty sand), containing numerous large oolitic 
concretions, occasional recrystallised calcite lenticles and 
infrequent angular chert and dolomite pebbles and cobbles; 
some bones and carrion fly pupae are present. Towards the 
northern end of the Exit Quarry it takes the form of a dense 
accumulation of rodent bones in a similar fine matrix, which 
indicates the presence of local owl roost. CaCO, averages 92% 
and the average ¢ mean is 4.65. Sediments are very poorly 
sorted and platykurtic to leptokurtic with negative skewness. 
Crystalline minerals are quartz and sericite. Typical roundness 
and sphericity are 0.3 and 0.5. Pyrolusite skins are rare. Contact 
is gradational. These features argue for the deposition and 
redistribution of sediments in an environment of shallow, local- 
ised pools accompanied by winnowing of some fines. 

Bed B is present throughout the central part of the cave; it is 
the most extensive stratigraphic unit, and lime-workings have 
almost everywhere isolated it from the cave walls. Over 
substantial areas where the cave floor is high, it overlies either 
Member 1 or Member 2. It is composed of 2.0-15.0 m of light 
reddish-brown (5 YR 6/4), less frequently pink (5 YR 7/3), 
reddish-yellow (5 YR 6/6) or red (2.5 YR 5/8), loam (clayey 
silty sand), containing abundant broken speleothems, chert and 
dolomite pebbles, cobbles and boulders, a few quartzite pebbles, 
occasional bone fragments and recrystallised calcite lenticles 
and void linings. The frequency of chert and dolomite fragments 
increases upwards, and these display crude stratification parallel 
to the flanks of a debris cone with its apex near the northern end 
of the deposit. Highest bone concentrations occur along the 
cone periphery near the cave walls, suggesting that bones were 
redistributed toward its margins. CaCO, averages 86% and 
average @ mean is 4.95. Sediments are extremely poorly sorted 
and samples are mostly mesokurtic, with a wide range from 
platykurtic to leptokurtic. There is a similar range in skewness 
from negative to positive, with the latter predominating. Crys- 
talline minerals are quartz, sericite and weakly crystallised 
montmorillonite. Typical roundness and sphericity are 0.3 and 
0.7, indicating greater rounding than is characteristic of present 
external colluvial soils. Pyrolusite and ferric skins are rare. 
Contact is eroded and disconformable and is locally complicated 
by subsidence movements. 

The characteristics of this bed are consistent with redistribu- 
tion of gravelly colluvium and some aeolian material, in admix- 
ture with frequent roof collapse debris, down the flanks of a cone 
of gravitative accretion under the influence of episodic 
sheetfloods entering through an enlarged cave opening. Higher 
energy conditions are evident towards the middle of this unit. 

Member 5 consists of beds A-E. All are exposed in conform- 
able sequence around the margins of the Cone. The uppermost 
unit (bed E) also occurs in isolated pockets to the west of the 
Entrance Quarry, in the eroded surface of Member 4, and in 
Horse Mandible Cave. In the Cone area deformation and 
displacement of an underlying calcite horizon indicates that 
Member 5 accumulated in a large depression formed by subsi- 
dence of underlying deposits into lower cavities; it is likely that 
similar movements preceded sedimentation in Horse Mandible 
Cave. Beds A, B and D are gravelly and are often lenticular in 
form, grading laterally into sandy facies. The latter often 
preserve carrion fly pupae. 

Bed A consists of 1.0-2.0 m of yellowish-red (5 YR 5/6), silty 
loam or loam (clayey silty sand), containing abundant suban- 
gular or subrounded pebbles and cobbles of partially weathered 
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dolomite, occasional chert and quartzite pebbles, and a few 
badly damaged bone fragments. Good  sub-horizontal 
Stratification is present in the very coarse fraction. A single 
sample had a CaCO, content of 69% and a @ mean of 5.1. The 
sediments are extremely poorly sorted and mesokurtic with 
small positive skewness. Crystalline minerals are quartz, seri- 
cite, haematite and kaolinite. Typical roundness and sphericity 
are 0.3 and 0.7, and pyrolusite skins are uncommon. Contact is 
sloping and fairly abrupt. 

Bed B includes 3.0-6.0 m of pink (5 YR 7/4) becoming red 
(2.5 YR 5/6) where decalcified, unbedded loamy sand (slightly 
silty sand), containing abundant subangular to subrounded 
pebbles, cobbles and boulders of partially weathered dolomite, a 
few chert and quartzite pebbles, and occasional badly damaged 
bone fragments. CaCO, is about 73% where calcified, but falls 
to about 50% where calcite cement has been removed by 
solution; average @ mean is 2.1. Sediments are very poorly 
sorted and mesokurtic with pronounced positive skewness. 
Crystalline minerals are quartz, felspar, sericite and kaolinite. 
Typical roundness and sphericity are 0.3 and 0.5 and pyrolusite 
and ferric skins are rare. Contact is even and abrupt. 

Bed C consists of 2.0-10.0 m of red (2.5 YR 5/8), decimetre- 
bedded loamy sand (slightly silty sand), with a negligible very 
coarse fraction. Bones are few and badly damaged. A single 
sample had a CaCQ, content of 39% and a @ mean of 2.6. 
Sediments are very poorly sorted and mesokurtic with 
pronounced positive skewness. Crystalline minerals are quartz, 
sericite and haematite. Typical roundness and sphericity are 0.3 
and 0.5 and pyrolusite skins are rare; ferric skins are slightly 
more abundant. Contact is even and abrupt. 

Bed D comprises a distinct near-horizontal gravel band which 
lenses out and bifurcates locally. It consists of up to 1.0 m of 
yellowish-red (5 YR 5/6), silty loam (slightly clayey silty sand), 
containing abundant subangular to subrounded pebbles and 
cobbles of partially weathered dolomite, occasional chert and 
quartzite pebbles, and a few badly damaged bone fragments. 
The very coarse elements show good sub-horizontal 
stratification. A single sample had a CaCO, content of 56% and 
a @ mean of 4.05. The sediments are very poorly sorted and 
platykurtic with negative skewness. Crystalline minerals are 
quartz, sericite and haematite. Roundness and sphericity and 
the presence of skins are akin to those in Bed C. Contact is even 
and abrupt. 
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Fig. 2 Locality plan showing the surface extent of the 
Makapansgat Formation and the positions of localities mentioned 
in the text. 
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Table 1 Comparative terminology of Makapansgat Formation 


nT 


Previous Present Hominid 
terminology terminology remains 
(Brain) 
Phase II (red sandy 
and gravelly) breccia Member 5 a 
Upper Phase I Bed A and lower MLD 37/38 from 
(pink stoney) breccia bed B of bed B of Member 4 
Member 5 
and Member 4 
Lower Phase I 
Grey bone-rich Member 3 Remainder of 
breccia specimens of 
A. africanus 
Red calcified muds Member 2 en 
Contaminated traver- Member 1 …- 
tine 





Bed E consists of 1.0-5.0 m of red (2.5 YR 4/6 and 5/6), and 
less frequently yellowish-red (5 YR 5/8) and reddish-brown 
(5 YR 5/4), decimetre-bedded sandy loam (slightly clayey silty 
sand), with a small very coarse fraction of the type present in the 
remaining beds, and occasional recrystallised calcite lenticles. 
CaCO, averages 65% and average ¢ mean is 3.8. Sediments are 
very poorly sorted and samples show a wide range of kurtosis 
from platykurtic to leptokurtic, but are almost all negatively 
skewed. Crystalline minerals are quartz, felspar and sericite. 
Typical roundness and sphericity are 0.3 and 0.7, indicating 
greater rounding than is characteristic of the present external 
colluvium. Pyrolusite and ferric skins are somewhat more 
numerous than in previous beds. 

Viewed as a sequence, the five beds of Member 5 suggest 
deposition by rapid episodic flushing of unconsolidated gravelly 
soil from the hillside into depressions containing impermanent 
pools. The presence of a large proportion of subrounded, wea- 
thered dolomite fragments suggests that this gravelly material 
may have been an alluvial terrace or a mudflow deposit, which 
had undergone a degree of post-depositional weathering before 
being washed into the cave. However, the fine matrix certainly 
includes a large colluvial component. The cave openings seem to 
have been greatly enlarged after deposition of Bed A. Illuviation 
of fines from upper to lower beds is evident, suggesting relatively 
slow and inefficient calcification after cessation of sedimen- 
tation. There is distinct evidence for an energy increase in Beds 
B and C, but damage to bone fragments in conjunction with the 
presence of stratified gravel lenses suggests the existence of high 
energy levels during deposition of most of the member. The 
morphology of Bed B, with its conspicuous lack of stratification 
indicates a rapid mass movement following renewed subsidence 
during its accumulation. 


Extracavernous source materials 


Comparative analyses of deposits from the vicinity indicate that 
the -2 mm fraction of the various units was derived mostly from 
extracavernous colluvial sources except in Member 5, where a 
significant alluvial (?) component is evident, especially in the 
very coarse fraction. The contribution of the insoluble residue 
produced by intracavernous corrosion is chiefly restricted to a 
few highly angular chert particles. 

The present colluvium has relatively uniform properties; it is a 
pebbly, skeletal soil containing abundant, partially weathered, 
chert pebbles and cobbles. The characteristics of the 
Makapansgat Formation can be explained in terms of the 
reworking of this material. It is a dark reddish-brown (5 YR 3/3 
and 3/4) sandy loam (slightly clayey silty sand) containing 
abundant weathered chert pebbles and cobbles, and seldom 
exceeding 50 cm thick. The ¢ mean averages 2.8. The material 
is very poorly sorted and is mesokurtic and samples show a wide 
range of skewness, both negative and positive. Crystalline 
minerals are quartz, sericite and kaolinite. Typical roundness 
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and sphericity are 0.3 and 0.5 and many particles have pyrolusite 
skins. 

In Member 5, while a large colluvial component seems to be 
present in the fine matrix, the very coarse fraction has many of 
the characteristics of an alluvial or mudflow deposit. 

Sedimentary facies of the various units of the Makapansgat 
Formation can be explained through the reworking of 
extracavernous colluvium by a limited suite of transportational 
and depositional processes. The colluvium contributing to 
Member 1 has been enriched in fines, while that of Member 2 
shows that, although fines have increased overall, as expected 
with subaqueous deposition at a distance from the cave 
entrance, some winnowing has taken place, especially in proxi- 
mal facies produced by rapid channelled flow. Winnowing of 
fines is even more evident in Member 3, where it seems to have 
occurred during several cycles of flushing. The source material 
for Bed A of Member 4 seems to have been subjected to similar, 
but probably less intense flushing. In Bed B of Member 4 
enrichment in fines is widely evident, possibly due to an aeolian 
component, although local winnowing can be discerned away 
from the walls of the depository. Some enrichment in fines, 
evidenced by pronounced positive skewness, has occurred in 
beds A-C of Member 5, probably due to post-depositional 
illuviation from the upper beds before calcification of the 
deposit. 

In general, fine sedimentary fractions are more abundant in 
lower members, due to a greater degree of illuviation with 
increasing distance from the cave opening. Removal of fines can 
be attributed to flushing and eluvial effects as sheetfloods spilled 
into the cave opening(s) and were channelled downwards into 
more distant caverns. 

Extensive hiatuses in clastic deposition within the cave, 
sometimes associated with calcite accretion, indicate cycles with 
reduced influx of extra-cavernous sediments. In some instances 
such episodes were marked by intra-cavernous scouring and the 
production of erosional unconformities. 


Solution cavities and discrimination 
between members 


Solution cavities, often exceeding 5 m in depth, were formed in 
the eroded surface of the Makapansgat Formation chiefly in Bed 
B of Member 4. These contain residual material, produced by 
decalcification and in situ weathering of the surrounding sedi- 
ments; this is overlain by recent colluvium with a clear tran- 
sition. The residual material is occasionally bone-bearing, and is 
similar in its properties to that occurring in solution cavities in 
the Sterkfontein Formation’. 

Sedimentological analysis of samples from the various litho- 
stratigraphic units of the Makapansgat Formation reveals that 
successive members are distinctive in terms of the standard 
deviation of at least one of the associated quartile and moment 
measures or of the sedimentological characteristics of their very 
coarse fractions. 


Comparison with Sterkfontein and 
Swartkrans Formations 


The stratigraphies of the Sterkfontein and Swartkrans hominid 
sites, ~250km to the south-west, have been re-appraised 
recently’'''? and the Sterkfontein and Swartkrans Formations 
have been defined. Comparison of these formations with the 
Makapansgat Formation shows that, although similarities exist, 
each is distinctive in terms of the sedimentology of specific 
constituent members and its particular sequence of erosional 
and depositional events. The fauna thus far recovered from 
Members 1-4 of the Makapansgat Formation has no equivalent 
at Swartkrans,'* but is considered broadly similar to that from 
the Sterkfontein Type Site (Member 4)'*""*, although no results 
have as yet been published which distinguish comprehensively 
between the faunas present in the various subdivisions of the 
Makapansgat Formation; these clearly span a substantial 
period. However, Wells’® believes that important differences 
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between the Sterkfontein and Makapansgat faunas suggest that 
that from Makapansgat (mostly the lower members) is the older. 
Palaeomagnetic evidence from the Makapansgat Formation'”’® 
permits the fairly definite conclusion that Member 1 predates 
3.32 Myr, while Member 3 predates 2.90 Myr. Faunal age 
estimates for the Sterkfontein Type Site fall in the range 2 to 
3 Myr. More precise correlations between the faunas of the two 
sites must await further studies of the respective assemblages. 


Correlation with previous terminology 
and hominid finds 


In Table 1 the published stratigraphic terminology of previous 
workers at Makapansgat Limeworks is cross-referenced to the 
terminology used here. The table also gives an indication of the 
known or likely provenance of the hominid remains. 


Received 30 January. accepted 5 April 1979, 


. Haughton, S. H. Trans. geal. Sac. §. Afr. 1, 55-62 (1947), 

. King, L. C. Trans. R. Soc. $. Afr. 33, 121-150 (1951). 

. Dart, R. A. Proc, Isi Pan-African Congr. on Prehistory (Blackwell, Oxford, 1952). 

. Howell, F. C. Am. J. phys. Anthrop, 13, 635-662 (1955). 

. Wells, L. H, & Cooke, H. B.S. Palaeontogia Africana 4, 1-56 (19573. 

. Brain, C.K. The Transvaal Ape-man-bearing Cave Deposits Mem. 11 (Transvaal Museum, 
1958}. 

. Partridge, T. C. Nature 278, 282-287 (1978), 

. Brink, A. B. A. & Partridge, T. C. $. Afr, geogr. J. 47, 11-34 (1965). 

9. Folk, K. L. Sedimentology 6, 73-93 (1966). 


SOA Fa Ge RD oe 


ee d 


Nature Vol. 279 7 June 1979 


Excavations undertaken so far have sampled very small 
volumes of the in situ deposits, the remaining faunal and 
hominid material having been extracted from material discarded 
on dumps during lime quarrying operations. The vast majority 
of finds can be correlated with the rich bone accumulation of 
Member 3. 

I have not considered biostratigraphic aspects of the 
Makapansgat formation here; these, together with the 
environmental implications of the data, will be discussed else- 
where. 

I thank the University of the Witwatersrand, especially the 
Bernard Price Institute for Palaeontological Research, for 
access to the site, Professor P. V. Tobias and A. R. Hughes for 
comment and encouragement, and Drs C. K. Brain, E. S. Vrba 
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A late Proterozoic ophiolite complex at 
Jabal Ess in northern Saudi Arabia 


M. Shanti & M. J. Roobol 


Faculty of Earth Sciences, King Abdulaziz University, Jeddah, Saudi Arabia 


A folded and lightly-metamorphosed allochthonous thrust 
slice, representing a complete ophiolite succession (Penrose 
definition), has been mapped in the late Proterozoic shield 
of Saudi Arabia. This occurrence supports the suggestion 
that plate-tectonic motions operated during the late Pro- 
terozoic. 





The late Proterozoic stratigraphy of the Arabian Shield is 
fundamental to the question of whether plate-tectonic motions 
operated in the Precambrian’. This vast area of igneous rocks 
(1,200 km N-S and 600 km E-W) comprises about two-thirds 
plutonic rocks and one-third lightly-metamorphosed lava flows 
and volcanoclastics. High-grade metamorphic areas are minor. 
The shield is characterised by radiometric ages from 1,190 to 
530 Myr*”. Within it there are many serpentinised bodies and 
belts’; some extend discontinuously for up to 700 km. The term 
‘ophiolite’ has long been used in the description of these 
complexes” and more recently some have been more convin- 
cingly identified as incomplete ophiolite complexes”’® in the 
sense of the Penrose field meeting of 1974'''*. More recently 
the serpentinite belts have been postulated to be ophiolitic 
sutures’”''*''*, formed by the closure of oceanic basins. These 
interpretations, amongst others, have led to a proposed 
mechanism of evolution of the Arabian Shield by the plate- 
tectonic opening and closing of sialic crust’? or by the accretion 
of island ares'*. However, a complete ophiolite succession in the 
sense of the Penrose definition has never been described in the 
Arabian Shield, although it has been sought for some years. The 
most detailed study at Jabal al Wask’ reported serpentinised 
ultramafic rocks (dunite, harzburgite, wehrlite, pyroxenite and 
chromitite), cumulate and high level gabbros and a metabasalt- 
keratophyre volcanic association. Recently an alternative 
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explanation for some of the sepentinite belts both in Saudi 
Arabia and Egypt has been proposed’’'*—that they are 
serpentinised komatiitic sills. We describe here a complete 
ophiolite succession from a new locality in the northern shield of 
Saudi Arabia (Fig. 1). 


Stratigraphy of the Jabal Ess area 


The three components of the mapped area are (1) a meta- 
sedimentary sequence; this is concordantly overlain by (2) the 
Jabal Ess ophiolite complex, which is in turn overlain and 
fault-separated from (3) an upper meta-volcanic sequence. 
The stratigraphic succession of the area from bottom to top is: 
(1) The meta-sedimentary sequence: south of the ophiolite 
complex is a sequence of lightly-metamorphosed, pale-green 
sediments. Strata vary from 1 to 30 m thick, with most around 
2m. The common rock type is a green shale, often with well- 
developed pencil cleavage. Less common are pebbly shales and 
conglomerates. Pebbles are well rounded and up to 20 cm in 
diameter. They are usually stretched, but have mainly lost their 
original identity due to chloritisation, with only chert and gabbro 
clasts recognisable. Several lenses of mélange up to 10 m thick 
and composed of gabbro and serpentinite, are concordantly 
contained within the meta-sedimentary sequence. 
(2) The Jabal Ess ophiolite complex: this complex has a mini- 
mum exposed thickness of about 3 km, but is very condensed by 
folding and faulting (Fig. 1b). It has been divided into nine 
components, which from bottom to top are: (i) The mélange 
zone, which is up to 250 m thick, and discontinuously present 
along the southern limit of the ophiolite complex. The mélange 
consists of blocks of leucocratic meta-gabbro (containing meta- 
dolerite dykes), melanocratic meta-gabbro, pillow lava and 
dolerite in a sheared serpentinite host. Some blocks are up to 
30 m in diameter. A lens of sheared serpentinite from 2 to 10 m 
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Fig.1 a, Geological map of the Jabal Ess area, Saudi Arabia; b, (overleaf) cross-sections of the area are shown in a. 


wide, which contains blocks of melanocratic meta-gabbro, 
occurs in direct contact with the meta-sedimentary sequence. 
Stratification of the meta-sediments and the contact with the 
mélange are concordant but folded and overturned in the 
mapped area. (ii) Serpentised metamorphic peridotite’*: a black, 
massive serpentinised harzburgite with 5-20% orthopyroxene 
pseudomorphs shows incomplete serpentinisation of olivine, 
usually with up to 10% relicts. Disseminated chromite is 
present, as well as podiform chromite lenses up to 20 cm thick. 
Near the contact with the mélange, the peridotite is intensely 
sheared, partly carbonitised and veined by magnesite. (iii) 
Serpentinised cumulate peridotite’*: the boundary between these 


and the serpentinised harzburgite has not been mapped in the 
field. The cumulate peridotites are recognised in thin sections 


‘which show serpentinised wehrlite with 50% clinopyroxene. 


Near the imbricate fault zone, thin (up to 30cm) yellow- 
weathering layers were seen in the field which proved in thin 
section to be serpentinised dunites. The cumulate peridotite is 
about 400 m thick adjacent to and south of the imbricate fault 
zone. The combined thicknesses of the two peridotite zones (ii 
and iii) is about 1.2 km. (iv) The imbricate fault zone is a striking 
and mappable unit in the field. It is up to 200 m wide and consists 
of a series of near-vertical fault slices from 1 to 15 m thick of 
light-coloured meta-gabbro and brown sheared serpentinite. 
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The meta-gabbro slices rarely show igneous layering and this is 
truncated by the faults. Usually the meta-gabbro is partly 
mylonitised so that blocks retaining gabbroic texture are found 
set in a pale, streaky, mylonitised host. Some of the thinnest fault 
slices (about 1 m thick) are made up entirely of mylonitised 
meta-gabbro and lack relict textures. This zone may have faul- 
ted out melanocratic layered gabbro as blocks of this rock are 


present in the mélange. (v) Layered gabbro: a leucocratic gabbro 
with varying amounts of alteration shows a poorly-developed, 
rhythmic layering, but clear igneous lamination. Typically areas 
of pegmatitic-textured gabbro and aphyric meta-dolerite dykes 
are present. The layered gabbro is poorly represented in the 
mapped area but occurs within the imbricate fault zone and the 
sheeted dyke complex. Fault-bounded blocks of gabbro occur in 
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the north of the mapped area. Many outcrops show all stages of 
deformation of the gabbro from flaser gabbro to brecciated 
meta-gabbro set in a mylonitised host. (vi) The sheeted dyke 
complex: most of the complex consists entirely of meta-dolerite 
dykes. These have a distinctive, aphyric, doleritic texture and a 
green colour. The distinctive texture allows chilled margins to be 
recognised. Individual dykes range from 30 cm to 2 m in width. 
The thickness of this complex varies from 200 to 600 m. The 
field separation of meta-lavas from meta-dykes is easy as the 
lavas are much finer grained, contain sparse amygdales and 
weather brown. In the centre of the mapped area, the upper and 
lower boundaries of the sheeted-dyke complex are transitional 
over distances of up to 50m. Along the upper contact some 
zones of 50% each of dykes and lavas have been mapped (Fig. 
la). Where there is <20% dykes the rocks were mapped as 
lavas. A striking feature of the upper half of the sheeted dyke 
complex is the presence of many brown and white patches and 
areas up to a few metres in size, where the dykes show evidence 
of metasomatic leaching and iron staining. The orientation of 
the pillow lavas adjacent to the sheeted dyke complex is near 
vertical or steeply inclined towards the north. The sheeted dykes 
immediately below the lavas are orientated at right angles to the 
lava stratification. Adjacent to the gabbro some of the dykes are 
now steeply inclined, indicating they were originally at low 
angles relative to the stratification of the lavas. (vii) Meta-basalt 
lavas: the sheeted dyke complex is overlain by a succession 
dominated by meta-basalt lavas, at least 300m thick, but 
repeated by folding and faulting. Most of the lavas occur as 
thin-skinned pillow lavas with pale-brown, fine-grained cores 
and narrow, black-green, chloritised selvedges, although a 
thick-skinned type is sparsely present (Fig. 1). This latter type is 
characterised by individual pillows having outer chill zones up to 
8 cm thick which contain an abundance of white spherulites up 
to 4mm in diameter. The cores of this type of pillow are 
composed of the normal meta-basalt. Almost all of the meta- 
lavas are aphyric, although one occurrence of plagioclase-phyric 
pillow lava was found. Many of the pillows have a tubular form. 
Some horizons of brecciated pillow lava occur and probably 
indicate palaeoslopes. (viii) Shale and laminated chert: within 
the meta-basalt sequence, there is a single meta-sedimentary 
unit up to 50m thick. This consists of thin-bedded, fissile, 
khaki-coloured shale with some colour variations which indicate 
the stratification. Within this unit some shale horizons are 
siliceous and pass into thin units (<1 m thick) of laminated chert. 
(ix) Plagiogranite: a single arcuate (folded?) and fault-bounded 
block of plagiogranite is present in the much-faulted northern 
part of the mapped area (Fig. 1a}. The plagiogranite is crosscut 
by dykes of pink Pan-African granite. The mineralogy is essen- 
tially quartz and sodic plagioclase (Ano). The plagioclase is 
turbid and there is a small amount of a chloritised mafic mineral. 
(3) The upper meta-volcanic sequence is lightly metamor- 
phosed and consists of andesite, dacite and rhyolite lavas with 
sparse occurrences of pillowed meta-basalt lavas. The latter are 
distinct in being highly amydaloidal in contrast to the very 
sparsely amygdaloidal pillow lavas of the ophiolite complex. 
Clastic rocks are abundant in the upper meta-volcanic sequence. 
Most prominent are rhyolitic lithic tuffs and multilithologic 
submarine slump deposits containing conspicuous rhyolite 
blocks up 1.5 m in diameter. The environment of deposition 
evidently varied from shallow-water submarine to subaerial as 
some horizons have shales with mudcracks and at another 
welded tuffs are present. 


Structure and tectonism 


The Jabal Ess ophiolite complex occurs as a syncline with the 
gabbro-—serpentinite components repeated in the north and the 
south of the mapped area (Fig. 1a). The abundance of pillow 
lava structure has been used to indicate the way up. The study 
(Fig. la and b) showed that the meta-basalt lavas are repeated 
by folding about the synclinal axis. The ophiolite complex is 
discordantly fault-separated from the overlying upper meta- 
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volcanic sequence. The faults are distinct because on Jabal Ess 
the upper meta-volcanic sequence is juxtaposed onto the 
serpentinised peridotite and then, towards the east, onto suc- 
cessively higher structural units of the ophiolite complex. The 
faults are carbonitised and locally silicified. This alteration along 
faults is best developed on Jabal Ess where up to 20m of 
serpentinite have been carbonitised. 

The base of the ophiolite complex is the bottom of the 
mélange zone which is concordant with the meta-sedimentary 
sequence. The latter concordantly contains lenses of mélange up 
to 10m thick. The mélange zone presumably represents an 
Original low-angle thrust fault zone which must have cut across 
all units of the ophiolite complex, as indicated by the content of 
blocks within the mélange. The Jabal Ess ophiolite complex is 
interpreted as an allochthonous fault slice which was emplaced 
by thrusting to concordantly overlie the meta-sedimentary 
sequence, Significantly, there are no clasts from the upper 
meta-volcanic sequence within the mélange. This absence 
suggests that the discordant set of faults, which mark the upper 
boundary of the ophiolite complex, postdate the basal thrust of 
the mélange zone. 

The ophiolite complex, together with its host rocks, has been 
twice folded. Both folding events seem to postdate the 
emplacement of the allochthonous slice as well as the jux- 
tapositioning of the ophiolite complex and upper meta-volcanic 
sequence. The first folding formed a tight syncline with an 
east-west fold axis. A later folding event resulted in more open 
folds about NNW axes, so that the ophiolite complex has a 
sigmoidal form. The combination of the two folding events has 
resulted in near-vertical dips for most of the mapped area and 
the basal mélange zone of the ophiolite complex is now over- 
turned. Only the main faults are shown on the map (Fig. la). 


Conclusions 


We have confirmed that Proterozoic ophiolite complexes in the 
sense of the Penrose meeting do exist in the Saudi Arabian 
Shield. Metamorphism has not obliterated the original rock 
features in this occurrence, which can be used as a type locality 
for Arabian Proterozoic ophiolites. The area is readily acces- 
sible by road or light aircraft. The recognition of such units as the 
aphyric sheeted dyke complex will identify similar rocks in other 
more tectonised areas of the shield. 

The presence of an allochthonous thrust slice of Proterozoic 
ophiolite within the shield is a strong indication that plate- 
tectonic motions operated during the late Proterozoic. This 
conclusion strongly supports an accretionary type of model for 
the crustal evolution of the large igneous terrain of the Arabian 
Shield. 

This work forms part of a PhD project (M.S.) at the King 
Abdul Aziz University. We thank H. E. Sheikh G. Sultan, Dr A. 
Al-Shanti and Dr J. Altmann and other members of the 
B.R.G.M. for approval and logistical support, also Colin 
Ramsay for helpful comments. This work is a contribution to 
IGCP Project 164. 
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Modulation of the two promoters of the galactose 
operon of Escherichia coli 
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The gal operon of Escherichia coli is controlled by two 
independent promoters—one is activated and the other 
inhibited by cyclic AMP and cyclic AMP receptor protein. 
The two promoters are modulated, however, by the same 
operator locus and repressor protein. 





THE galactose (gal) operon of Escherichia coli consists of three 
structural genes, K, T and Æ, with the promoter—operator (P-O) 
located at the E end of the transcriptional unit’ (Fig. 1). In 
wild-type E. coli cells, expression of the gal genes is inducible by 

D-galactose or D-fucose’. The inducer prevents a specific 
repressor protein, the product of the unlinked galR gene, from 
binding to the gal operator’. The operator has been defined 
genetically by the isolation of cis dominant mutations, which 
map to the right of the E gene and make gal expression 
constitutive. 

It has been shown both in vivo and in vitro that the gal operon 
is controlled by two promoters: P1 and P2*. The P1 promoter 
requires cyclic AMP and cyclic AMP receptor protein (CRP) as 
positive control elements for its activity; PI is normally respon- 
sible for gal expression in wild-type cells. The P2 promoter does 
not need the cyclic nucleotide and the receptor protein and is in 
fact inhibited by the presence of the two regulatory elements. 
The in vitro startpoints of transcription from the two gal 
promoters, S1 and S2, are also different and separated by five 
nucleotides (Fig. 1)*. In normal conditions of in vitro tran- 
scription, that is, in the presence of excess nucleoside tri- 
phosphate precursors, transcription from P2, starting at S2, 
largely terminates after completing a trinucleotide leader RNA. 
The reason for this premature termination is not clear and will 
be touched upon later. 

We report in this article that the synthesis of gal enzymes 
under P2 control, like that under P1, is also inducible and is 
under the negative control of the galR gene product. The same 
DNA segment in gal, defined by the O° mutations and by in vitro 
gal repressor binding experiments, is required for inhibition of 
both P1 and P2 activities. The accompanying article’ shows that 
the location of the gal operator with respect to the gal 
promoters differs markedly from other known promoter- 
operator structures (Fig. 1). 


Induction of gal operon 


In wild-type E. coli cells, under conditions of high cyclic AMP 
levels, the gal enzymes are made almost entirely from the PJ 
promoter, whereas in cells deficient in cyclic AMP or CRP, the 
P2 promoter is responsible for the expression of the operon. 
Thus, the regulatory features of the two promoters can be 
studied separately simply by measuring the gal enzymes made in 
cya’ crp” and cya” (or crp) strains, respectively. Evidence that 
both promoters are not on together in vivo in the presence of 
inducer and cyclic AMP-—CRP is provided by the finding that the 
P1~ mutation is Gal” in cya*crp* strains. Table 1 compares the 
effect of the gal inducer D-galactose on the two promoter 
activities as measured by galactokinase synthesis, the product of 
the galK cistron, in the two strains SA500 (wild type) and 
SA1039 (cya~). Clearly, both the promoters are inducible. This 
is the first experimental evidence that galP2 is inducible; pre- 
vious measurements of gal induction and repression reflected 
gal expression controlled by P1, the cyclic AMP dependent 
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promoter. It should be noted that the actual levels of galac- 
tokinase, the last gene product, made from a promoter need not 
refiect the strength of that promoter. It is possible that the two 
promoters might show different degrees of natural polarity (S. 
A. and S. Gottesman, in preparation). 

However, similar galactokinase induction ratios (about 15- 
fold) with the two promoters and the fact that both PI and P2 
activities can be induced by the same inducers, D-galactose 
(Table 1) and D-fucose (data not shown), suggest that P2 is 
controlled by the same repressor molecule that controls P/, that 
is, the galR gene product. This was corroborated as follows. The 
cya” mutation of SA1039 was introduced into a set of strains, 
isogeneic with wild type strain (SA500), which harbour a series 
of galR mutations. Comparison of galactokinase levels between 
the corresponding galR” cya* and galR™ cya” strains showed 
constitutive synthesis in each case, including a ga/R deletion 
strain (Table 1). The galR™ mutations have previously been 
shown to be recessive to the galR* allele‘. 

Identical negative control of both the promoters by the same 
gal repressor was confirmed by studying the effect of a galR*® 
mutation on P1 and P2. A galR®* mutation has been shown to 
produce a non-inducible phenotype in a wild-type background 
and is dominant over galR* (refs 1, 7). The phenotype is the 
result of the altered repressor protein, which fails to interact 
with the inducer molecule. The galR$, mutation retains its 
phenotype i inacya background, that is, galactokinase synthesis 
remains at the low basal levels both in cya* galR* (SA1796) and 
cya” galR® (SA1800) strains in the presence or absence of 
D-galactose (Table 1). 

However, it is conceivable that the non-inducible Gal 
phenotype of the cya” galR* strain is the result of the lack of an 
effective permease for D-galactose transport into the cell. This 
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Fig.1 Map of the gal operon, showing the operator mutations. K, 
T and E are the structural genes’. Pl and P2 are the two 
promoters, whose positions relative to each other are not known. 
There may be considerable overlap between the two loci, except 
that P mutations do not affect the P2 activity*. S1 and $2 
represent startpoints of transcription for their corresponding 
promoters P1 and P2. As shown, the $2 transcript frequently 
terminates after synthesising a trinucleotide. The operator segment 
shows the nucleotide sequence together with the base pair changes 
of the six O° mutations’. The map is not drawn to scale. 
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Table 1 Effect of repressor on gal promoters 
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Strains Levels of galactokinase* 
Active ———-———— 
No. Genotype promoter ~ Galactose + Galactose 

SA500 Wild type PI 0.9 15:7 
SA1039 cya” P2 0.6 9.0 
SA1857 galR; PI 8.5 7.8 
SA1858 galR; cya” P2 14.4 11.0 
SA1859  gaiRgis PI 8.3 7.3 
SA1860 galRggeya” P2 10.8 7.4 
$A1260 galRa PI 11.8 12.5 
SA1775 galRacya` P2 20.6 12.0 
SA1796 galR3, Pi 0.3 0.4 
SA1800 galRÌs cya” P2 1.4 0.9 
SA1953 galR3, cya | 

lacP ays P2 0.7 0.7 





Galactokinase was assayed in lysed cells after 2 h of log phase growth 
in minimal M56 media containing 0.3% D-fructose as carbon source, 
0.1% casaminoacids and 0.3% D-galactose as inducer when indicated. 
Cells were lysed by 0.1 M Tris-HCl, pH 7.9, 0.1 M EDTA and 0.03 M 
dithiothreitol plus a drop of toluene at 37 °C for 15 min. The wild-type 
strain, SA500, is F~ s” his” rel”. All others were derived from SA500. 
The ga/lR, also deletes the adjacent lysA region t. The galR® (ref. 1) 
mutation was introduced into the galR, strain by phage P1 selecting for 
lys“ and screening for galR $ The galactokinase assay procedure is from 
Wilson and Hogness’ ; 

*Units: nmol galactose-1-phosphate generated per min by the 
number of cells equivalent to Asgo of 1.0. 


objection was ruled out as follows. Lactose permease, the 
product of the lacY gene, efficiently transports D-galactose’. 
Active lac enzymes can be synthesised in a cya™ strain when the 
lac operon carries the uv5 promoter mutation. Accordingly, 
the strain galR5, cya” was made into galR5, cya” lacP,,s to 
ensure an effective D-galactose transport by selecting for Lac* 
transductant after infection of a bacteriophage P1 lysate made 
on a cya” lacP,,s host. Table 1 shows that similar to ga/R}, cya” 
(SA1800) parent, the triple mutant galR5, cya” lacPws 
(SA1953) is still non-inducible for galactokinase. Taken 
together, the results with the galR mutants convincingly show 
that the same repressor molecule controls gal expression nega- 
tively both in the absence and presence of cyclic AMP, that is, 
both from the P1 and P2 promoters. 


The gal operator 


Using a strain diploid for the galR* gene, that is, gaiR*/galR’, 
several E. coli mutants constitutive for the gal operon were 
isolated after UV mutagenesis and then enrichment and selec- 
tion for growth on galactose minimal media in the presence of an 
anti-inducer of the operon, methyl-8-D-thiogalactoside as pre- 
viously described**'®. The galR* diploid was made by lyso- 
genising wild type strain SASOO with a AgalR* transducing 
phage isolated before’. Many such mutants carry cis-dominant, 
gal-linked constitutive mutations (S.A., unpublished results). 
These mutations define the gal operator (the site of repressor 
action). Six such independently isolated operator constitutive 
mutations (O°), including one that was isolated previously in a 
galR* haploid strain, were further characterised as follows: 

(1) All six mutations, listed in Table 2, cause very high levels 
of galactokinase synthesis in the absence of any inducer. The 
same high levels of galactokinase were made even in the cya” 
derivatives of the O° mutants. If the gal operon in the O° 
mutants, as in the O* parent, is transcribed from the P2 
promoter in the absence of cyclic AMP, these results suggest 
that the same mutations are responsible for making the gal 
expression constitutive both from P1 and from P2. 

(2) The levels of galactokinase in four of the six O° mutants, 
O81, Oiss, Oio and Ofo36, cannot be further increased by the 
addition of D-galactose to the growth media under conditions of 
both P1 and P2 activities. This contrasts the galO* mutants with 


493 


O° mutants in other operons, which usually can be further 
induced. The behaviour of the ga/O* mutants may be attributed 
perhaps to the demand of the selection procedure used. 

(3) The levels of galactokinase in the same four O° mutants 
are significantly higher than that in the fully induced O* cells. 
This is true, both in cya” and cya” backgrounds. The galO* 
mutants are, in these respects as well, unique. We have consi- 
dered three possibilities to explain the hyperactivity of the galO* 
mutants: (i) The ga/O* mutations have in fact created new cyclic 
AMP-dependent promoters, transcription from which is not 
repressible by the gal repressor. This may also explain property 
(2) described above. (ii) The two gal promoters and the gal 
operator sequences overlap such that the O° mutations increase 
the efficiency of the promoters. (iii) The natural polarity ob- 
served in the gal operon, that is, synthesis of reduced amount of 
product from the promoter-distal K gene (S. A. and S. 
Gottesman, in preparation), is eliminated by the O° mutations in 
an unknown way. Elimination of natural polarity would increase 
the levels of galactokinase. gal DNA templates, carrying either 
O* or one of the six O° alleles, behave identically in a purified 
transcription system, that is, they need cyclic AMP for tran- 
scription from the PI promoter but not from P2 (refs 5, 11). The 
latter was always inhibited by the presence of cyclic AMP and 
CRP. These results do not rule out, but argue against possibility 
(i). We are now studying possibilities (ii) and (iii). 

(4) The accompanying article’ shows the base-pair alter- 
ations of the six O° mutations in the gal control region 
(indicated in Fig. 1). All six mutations cluster in a small region 
(spanning seven bases). This segment is located about 60 
nucleotides upstream from the start site of the $1 transcript. The 
short length of the galO segment and the fact that two of the 
mutations, O{o3; and Oozs, show identical base-pair changes 
and two others (Ofo34 and Ofo3;) affect the same base pair 
suggest uniqueness of the operator structure. [Note that half of 
the mutations show simultaneous change of two adjacent base 
pairs. This may be attributed to the nature of the mutagen used 
(UV light) to induce the mutations. UV light has been shown to 
cause similar tandem base-pair changes in other E. coli genes'’.] 


Discussion 


The gal operon of E. coli is unique in that the same structural 
genes are controlled by two natural promoters. P7 and P2 meet 
the additional requirements of galactose enzymes for anabolic 
reactions under extreme physiological conditions—excess or 
deficiency of cyclic AMP. The results discussed above show that 
both promoters are-subject to repression. The same regulatory 
elements, gal repressor, D-galactose and the gal operator, 
control the gal expression from both P1 and P2. A contrasting 
feature of the two promoters is that one (P1 ) is activated and the 
other (P2) inhibited by cyclic AMP and its receptor protein. For 
P2, cyclic AMP and CRP together are not co-repressors acting 





Table 2 Effect of operator mutations on the gal promoters 


Levels of galactokinase in 


Operator allele cya cya 
~] +I —] -+I 

o* 1.0 18.0 0.7 8.1 
On 31.1 36.1 30.5 29.6 
O%038 32.0 34.3 34.0 32.0 

1033 34.0 33.4 36.0 31.3 
Olode 33.1 34.2 34.6 32.0 
O'034 9.2 14.9 26.0 29.2 
Oîo3s 31.2 31.3 15.0 29.4 





The O” strain is SA500 described in Table 1. The strains are isogeneic 
with SA500. The cya” mutation was transduced into the O° mutants 
with phage P1 by selecting for a val” marker and screening for Lac” 
phenotype. The val®™ marker is 40% co-transducible with the cya“ allele 
(A. Das, unpublished results). The other details are also described in 
Table 1. —I and +I indicate the absence and presence of D-galactose 
(inducer) during cell growth. 
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in concert with the gal repressor, because crp mutants do not 
make the gal enzymes constitutively. The molecular 
mechanisms of action of CRP have been explored and are 
discussed in the accompanying article’. 

We have shown above that the ga/ repressor represses gal 
transcription from both Pl and P2 by acting at the same 
operator site, as defined by O° mutations. In vitro gal tran- 
scription from the P1 promoter in a purified system in the 
presence of cyclic AMP and CRP is inhibited by the addition of 
the gal repressor'’. As expected, the gal repressor failed to 
show repression when the template DNA carried any one of the 
six O° mutations discussed above". In repressing the P1 
promoter, gal repressor acts in a manner competitive with RNA 
polymerase plus CRP”. However, the mechanism of action of 
gal repressor may be different from simple competition, because 
the operator is located at an unusual site—well upstream from 
the RNA polymerase or CRP binding site. The synthesis of the 
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short S2 transcripts made from the galOP restriction fragment 
in the absence of cyclic AMP and CRP (that is, under the control 
of the P2 promoter), however, is not inhibited by the gal 
repressor’. The gal repressor may fail to repress S2 synthesis in 
the purified transcription system for at least two possible 
reasons. (1) Lack of an additional element besides the gal 
repressor is needed for repression of P2 activity. And (2), gal 
transcription from the P2 promoter is not controlled by inhibi- 
tion of initiation, but by elongation of the short S2 transcript. 
The gal repressor might act by inhibiting the elongation of S2 
RNA. 

We are currently investigating these possibilities in order to 
explain the above discrepancy between in vivo and in vitro 
control of the gal operon. 

We thank M. Irani, M. Gottesman, A. Das, R. DiLauro, and 
B. de Crombrugghe for discussions. 
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The operator of the gal operon is located about 60 base pairs 
preceding the startpoints of the transcription of the two gal 
promoters. This location contrasts with the location of the 
operator in other phage or bacterial operons where the 
repressor binds more closely to the respective transcription 
initiation sites. Models explaining how the repressor- 
operator interactions may control the two gal promoters are 
presented. 


OUR previous studies have shown that two overlapping 
promoters control the expression of the galactose operon of 
Escherichia coli. In vitro transcription experiments of a DNA 
fragment containing the gal operator-promoter region demon- 
strated that cyclic AMP and its receptor protein (CRP) were 
required for the activity of one promoter (P1), but inhibited 
transcription at the other promoter (P2)'. The transcription 
initiation site for P2 precedes the startpoint for P1 by five base 
pairs in the DNA sequence. We presented arguments which 
strongly suggest that these two promoters are active in vivo 
under different physiological conditions’. 

In addition to this dual cyclic AMP-—CRP regulation, the gal 
operon is also controlled by the gal repressor, the product of the 
galR gene which is unlinked to the gal operon’”. Earlier studies 
had shown that the gal repressor binds specifically and with a 
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very high affinity to gal DNA®* and blocks gal transcription in 
vitro with wild-type gal DNA but not with gal DNA with 
operator-constitutive mutations’. We report here on the effect 
of the gal repressor at each of the two gal promoters, and on the 
unusual location of the repressor binding site. 

By sequencing five gal operator mutations we show that the 
repressor binds about 60-65 base pairs upstream from the 
startpoint for cyclic AMP-CRP dependent transcription. This 
contrasts with the location of the operator in the lac®, trp’ and 
lambda operons. In the latter systems the repressor binds much 
more closely to the respective initiation sites for transcription 
and probably directly prevents the stable binding of RNA 
polymerase to the promoters. The location of the gal operator 
suggests that in gal the repressor prevents transcription by a 
different mechanism. 

We also show that in our purified in vitro transcription system 
the gal repressor inhibits transcription from P1; it does not 
block initiation of transcription at P2 in the absence of cyclic 
AMP-CRP and does not prevent the cyclic AMP—CRP depen- 
dent inhibition of P2. In contrast, in vive results presented in the 
accompanying article’ indicate that both P1 and P2 are under 
repressor control. Possible explanations for this discrepancy as 
well as models for the mechanism of action of the gal repressor 
will be discussed. 


Sequence changes in galO‘ mutants 


We have examined five gal-linked cis-dominant mutants which 
exhibit a high constitutive rate of synthesis of the gal enzymes. 
Several lines of evidence indicate that these gal mutations define 
a site to which the gal repressor binds (see also accompanying 
article”). (1) The mutants were selected as capable of growing in 
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Table 1 The presence of a plasmid harbouring a wild-type or mutant 
gal operator affects expression of the chromosomal gal genes 





Genotype of 
gal operator Galactokinase (units) 
Strain in plasmid ~D-fucose +D-fucose 
MR94 l 2.8 24.8 
MR94/pBdC1 o` 18.1 36.9 
MR94/pBdC6 o“ 4.7 20.5 





Plasmid pBdC1 is derived from pBR322 in which the 30 base pair 
fragment between the unique EcoRI and Hindili sites of pBR322 has 
been replaced by an EcoR1-Hindlll fragment derived from Apgal8 
DNA?!) The inserted fragment has a size of about 1,000 base pairs and 
contains the operator—promoter region of the gal operon and about 450 
base pairs of the first gal cistron (B.deC., in preparation). pBdC1 
contains a wild-type gal operator whereas pBdC6 contains the Og, gal 
mutation (see Fig. 4a). Medium for growth of cells and assay conditions 
for galactokinase were as described previously’. MR94 is a recA deriva- 
tion of MR93 (collection of E. Singer) constructed by C. B. Bruni. 


a minimal galactose medium in the presence of the anti-inducer 
of the gal operon, methyl-8-D-thiogalactoside (TMG), a pro- 
perty which is also common to galR mutants'®. Presumably, in 
both types of mutants no stable gal repressor—operator complex 
is formed, thus expression of the operon is constitutive and these 
cells can grow in a minimal salts medium containing galactose 
plus TMG. (2) Earlier in vive transcription studies with A gal 
DNA showed that the gal repressor blocks cyclic AMP-CRP 
dependent gal mRNA synthesis (as measured by DNA-RNA 
hybridisation) with wild-type gal DNA but not with the DNA 
from a galO* mutant’. (3) We have constructed a plasmid 
(derived from pBR322) which contains the gal operator- 
promoter region and the promoter proximal third of the galE 
cistron (B.deC., manuscript in preparation). Wild-type cells 
transformed with this plasmid are also capable of growing in 
minimal galactose plus TMG. The 30 or more copies of gal 
operator titrate the gal repressor and cause the constitutive 
‘escape’ expression of the chromosomal gal genes. If a galO‘ 
mutation is introduced in the plasmid, the cells are incapable of 
growing on minimal galactose plus TMG and exhibit a normal 
induction pattern of gal enzyme synthesis (Table 1). We can 
assume that, unlike the parent plasmid, the plasmid with a galO* 
mutation is unable to titrate the cellular gal repressor. Hence, 
the mutation marks the repressor binding site in the gal regula- 
tory region. 

We have previously established a restriction map for the 
regulatory DNA segment preceding the first ga/ structural 
gene'’. Figure 1 shows the restriction sites of interest. 
Endonuclease Hinf cleaves wild-type gal DNA 60/59 base pairs 
(on the | strand) preceding S1, the startpoint for cyclic AMP- 
CRP dependent transcription. With two of the mutants (O%o34 
and Oj035) the DNA is not cleaved by Hinf at this site (data not 
shown), suggesting that these mutations may lie within the 
recognition site for Hinf endonuclease. 

The base changes for each of five mutants were determined. 
The sequence data are detailed below. The 35 base pair DNA 
fragment 1 (see Fig. 1) from mutant O§, was labelled selectively 
at its Hinf 5’ end and digested by snake venom phos- 
phodiesterase. The partial exonuclease digestion products of the 
mutant fragment and of a similarly treated wild-type DNA 
fragment were mixed and fractionated by two-dimensional 
fingerprint analysis’, Figure 2a compares the mobility shifts of 
the fractionation products of the mutant fragment with those of 
the wild-type fragment. The patterns deviate at the site of the 
mutation indicating that the C residue (—66) in the wild-type 
sequence?’ is replaced by a T residue in the mutant. Immediately 
following the mutated residue the succession of mobility shifts 
runs parallel in the mutant and in the wild-type pattern. Hence 
no other base change occurs adjacent to the first mutation. That 
the new shift in the mutant is caused by a T residue and not by a 
G is indicated by analysis of its mobility shift and the mobility 
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Fig.1 Restriction map of the gal operator-promoter region. S1 is 

the startpoint for cyclic AMP-CRP dependent gal transcription, 

S2 is the startsite for cyclic AMP-CRP independent gal trans- 

cription. 1 And 2 refer to restriction fragments used for sequencing 

studies. The DNA sequence of the gal D a aaa segment 
has been determined’? 


shifts produced by the addition to known T and G residues in the 
wild-type sequence. Furthermore, when the same fragment | of 
mutant O3%,, also uniquely labelled at its Hinf 5’ end, was treated 
with dimethylsulphate (DMS) according to the procedure of 
Maxam and Gilbert'® and the fractionation products analysed 
by gel electrophoresis, it was clear that no new G residue 
appeared at position —66 (data not shown). 

A similar analysis was applied to the DNA of mutant O%o33. 
The two-dimensional fractionation of the partial nuclease 
degradation products of fragment | shows that two adjacent T 
residues in the wild-type sequence (—64 and ~63) have been 
replaced by an A residue (—63) and a C residue (64) (Fig. 25). 
A DMS analysis on the same mutant fragment, labelled at the 





Fig.2 Partial venom exonuclease digests of fragment 1 (of Fig. 1) 
terminally labelled at its Hinf 5' end from wild type and from the 
mutants Of26 and Ojg33. A fragment obtained by Hinf cleavage, 
which contains DNA to the left of the Hinf site in Fig. 1, was 
prepared as in ref. 11. This fragment was purified from Apgal8& 
DNA”! (wild type) or its isogeneic derivatives containing the O12. 
or the O{933 mutation. The fragments were dephosphorylated with 
bacterial alkaline phosphatase, 5'-end labelled with [a-*’P]ATP 
using T4 polynucleotide kinase’? and digested with endonuclease 
Hhal. The products were resolved on a 10% polyacrylamide gel, 
and fragment 1 of Fig. 1 was eluted from the gel as described 
elsewhere''. Wild-type or mutant fragment 1 (individually or in 
combination) was partially digested with venom exonuclease in the 
presence of trace amounts of DNase I and fractionated by elec- 
trophoresis on oD in 8M urea at pH 3.5 followed by homo- 
chromatography’”. i24 DNA and wild-type DNA; b, Ofo33 
DNA. 
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Hinf 5' end, confirmed the presence of an A change at —63 (data 
not shown). 

As indicated earlier, the DNAs of mutants Ojo34 and O'oss 
lack the Hinf cleavage site at —60/—59 and hence were not 
amenable to the same partial exonuclease analysis as the pre- 
ceding mutants. Fragment 2(Hha-|/Hap-l) was end-labelled at 
the 5’ Hha-end for each of these two mutants and sequenced 
according to Maxam and Gilbert'*. Figure 3a compares the 
fractionation products resulting from the DMS and hydrazine 
reactions of wild-type DNA and O{o3, DNA. A single base 
substitution, A for G, occurs in the mutant DNA at —60. The 
base pair which is mutated in O03, thus lies within the Hinf site. 

In mutant O$ 3s the same G/C base pair (—60) is changed to a 
T/A base pair. Figure 3b shows the products of chemical 
fractionation of the Hha-|/Hap-l fragment (fragment 2 of Fig. 
1) for this mutant. Comparison with the wild-type sequence in 
Fig. 4 indicates the position of the base change. 

A similar analysis was performed with the same Hha-|/Hap-| 
DNA fragment of mutant O{o3. (Fig. 3c). In this mutant two 
adjacent base pairs G/C and T/A have replaced the two 
adjacent A/T base pairs at —65 and —64. 

Figure 4a summarises the results of the sequence analysis of 
the five mutants. The mutations which we examined are all 
clustered in a small segment between —66 and —60. 


Effect of gal repressor on in vitro 
transcription 


In vivo experiments’ indicate that the interactions between the 
gal repressor and the gal operator repress both P1 and P2. We 
have also studied the effect of gal repressor on initiation of 
transcription in vitro at each of the two startpoints. When the 
235 base pair Hhal fragment (see Fig. 1) is used as template and 
the transcription reactions are conducted at low nucleoside 
triphosphate concentrations, a characteristic pattern of small 
RNAs is obtained which results from the pausing of RNA 
polymerase early after initiation of transcription’. These small 
RNAs can be analysed by polyacrylamide gel electrophoresis. 
Transcription initiating at S1 generates a diagnostic pattern, 
which is strikingly different from the pattern produced when 


Wild 


Wild d 1034 










a 1034 


Nature Vol. 279 7 June 1979 


Zl, 


Table 2 Efficiency of transcription initiation at P1 and P2 





Specific activity per 
UMP residue 
in 3-nucleotide- in 9-nucleotide- 
long oligonucleotide long oligonucleotide 


1,100 


+cyclic AMP-CRP — 
5,700 — 


—cyclic AMP-CRP 





Comparison of the efficiency of initiation at S1 and S2. The 235 base 
pair Hhal fragment of Fig. 1 was transcribed as described in the legend 
of Fig. 5, both in the absence and the presence of cyclic AMP; the RNA 
was then fractionated on an 18% polyacrylamide gel. From each lane 
the major RNA band (corresponding to a trinucleotide in the minus 
cyclic AMP reaction and to a nonanucleotide in the plus cyclic AMP 
reaction) was located by autoradiography, excised from the gel and 
counted. The trinucleotide and the nonanucleotide each contain two 
UMP residues. 


transcription starts from S2. In the presence of cyclic AMP—CRP 
the majority of the gal transcripts pause at several points within 
the first nine bases of the 5S’ end of the cyclic AMP-CRP 
dependent gal mRNA‘. In the absence of cyclic AMP-CRP, 
transcription from $1 is completely inhibited and instead is 
initiated five bases upstream and pauses within a different 
six-base sequence. The nucleotide sequence of the various short 
transcripts was previously established’. Figure 5 shows that in 
the absence of cyclic AMP and CRP the ga/ repressor does not 
cause inhibition of transcription (lane 2). Hence in the condi- 
tions of our in vitro reaction, the gal repressor is unable to 
prevent initiation of transcription from $2. This conclusion is 
also valid when transcription reactions are conducted at high 
nucleoside triphosphate concentrations (data not shown). We 
have in fact observed a small but consistent increase inS2 RNA 
synthesis by gal repressor preparations (Fig. 5 lane 2). This 
increase is reversible by D-fucose. 

In the presence of cyclic AMP and CRP, however, the gal 
repressor blocks $1 transcription and this repression is over- 
come by the gal operon inducer D-fucose. Although the gal 
operator is located in a segment which shows striking sequence 


Fig.3 Autoradiographs of DNA sequencing gels. Fragment 2 of Fig. 1 from either wild-type DNA or from the mutant DNAs Ojos, Ojjoas OF 

Oïo3g Was *2D_labelled at its 5' Hha end and was subjected to base-specific chemical degradation according to Maxam and Gilbert’. The 

reaction products were fractionated on 20% polyacrylamide gels in 7M urea. The arrows indicate the site of the mutations. a, Comparison of 
wild-type DNA and O{o34 DNA: b, Ojo3s DNA; c, O}jo33 DNA. 
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similarities and lies at the same distance from the initiation site 
as the CRP binding site in the lac operon, addition of repressor 
does not prevent the cyclic AMP- CRP dependent inhibition of 
transcription from S2 (Fig. 5, compare lanes 4 and 5). Our 
experiments thus clearly show that if both the ga/ repressor and 
cyclic AMP-CRP are present the two gal promoters are strongly 
inhibited. 


Transcription of gal operator 
constitutive mutants 


The isolation of mutants which do not bind cyclic AMP-CRP”” 
as well as direct chemical protection experiments” have defined 
the CRP binding site in the lac operon (~~70 to —50). 
Examination of a similarly located segment in gal reveals 
important similarities both in sequence and in symmetry (see 
Fig. 45). Since all galO* mutations which we examined lie within 
this region (—66 to —60), we determined whether these muta- 
tions affected the cyclic AMP-CRP regulation of one or the 
other gal promoter, With every galO* mutant transcription 
from S1 is still completely dependent on cyclic AMP-CRP, and 
transcription at S2 only initiates in the absence of cyclic AMP- 
CRP (data not shown). One gal mutant (galO%,) was parti- 
cularly interesting to study since the same base change G/C to 
A/T at —66 occurs in a lac mutant”? at exactly the same location 
with respect to the startpoint of transcription in lac and S1 in gal. 
These mutations in lac and gal also occupy the same location 
within a similar symmetrical sequence (see Fig. 4) that seems to 
be the CRP binding site in lac. In lac the mutation causes severe 
reduction of promoter activity. In gal the same mutation results 
in the constitutive expression of the gal operon in vivo both in 
the presence or absence of CRP or cyclic AMP. In vitro the CRP 
concentration dependence and the cyclic AMP concentration 
dependence for both P1 activation and P2 repression are ident- 
ical whether galOg, DNA or wild-type DNA are used as a 
template. Figure 6 shows the effect of cyclic AMP concentration 
of P1 and P2 transcription for both types of DNA. Hence the 
mutation does not affect cyclic AMP-CRP function in gal in 
contrast to its profound effect on CRP action in lac. 


preven Hebe 


70 60 50 
s Ofer O033 Oʻoas 
A GT T 
T CA A 


I bt 4 
gal S- AAATTCTTGTGTAAACGATTCCACTAATTTA 
3- TITARCABCAC AT TTET TARDO CATIARA 
a ~— 


CT A 
GA ak 
Oiroa Ooga 
b 70 60 50 


gal AAATT cr TGTGraaaccattcCACTaATT: 
TTTAAsc sACACatriactraaaeGTGArTAAa 


70 60 50 
lac CAAT TRaTGIGreT taeeeCACTeAlTA 
6 TTAAt tACAC? caatcoaGTGAcTAAr 
TO cena = 
T À 
Fig. 4 a, Summary of the base changes caused by 5 different 


galO* mutations. b, Comparison of the lac CRP site with a 
similarly located segment in gal. 
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Initiation at P2 is more efficient than 
initiation at PI 


In an effort to characterise the P2 promoter further, we 
compared the efficiency of initiation of transcription at $1 and 
$2. The characteristic small RNAs corresponding to each 
promoter as well as the larger RNA, which extends to the end of 
the fragment, were eluted from the polyacrylamide gel. The 
RNA sequence of each of the small RNAs is known, and their 
relative molar yields were determined from the radioactivity of 
the eluted material ((a-**P UTP was used in these experiments). 
The results shown in Table 2 indicate that in our experimental 
conditions transcription initiates at S2 about five times more 
efficiently than at $1. 


Transcription of P1 and P2 at high 
nucleoside 
triphosphate concentrations 


We also compared the pattern of transcription from P1 and P2 
at low and at high nucleoside triphosphate (NTP) concen- 
trations. If high (150-200 M) instead of low (10 uM) NTP 
concentrations are used for in vitro gal RNA synthesis from the 
Hha-230 base pair fragment, stuttering is no longer observed 
for cyclic AMP~CRP dependent transcription from S1: all 
transcripts are of large size and extend to the end of the 
fragment. In the absence of cyclic AMP-—CRP using high NTP 
concentrations, however, a considerable proportion of tran- 
scripts originating at S2 still terminates within the sequence of 
the first 6 or 7 bases (Fig. 7). Hence the termination of tran- 
scription from S2 is not just a result of the low NTP concen- 
trations, unlike the pausing observed for S1 transcripts, but may 
represent an additional regulatory mechanism. Figure 7 also 
shows that in these conditions, when glycerol was present, less 
termination and more read-through to the end of the fragment 
are observed. Glycerol was shown previously to stimulate gal 
transcription from S2 in the absence of cyclic AMP-CRP"”. 


Functional interactions between cyclic 
AMP-CRP, gal repressor and gal DNA 


The DNA sequencing results presented in this article mark the 
location of the gal operator. The base changes produced by five 
O° mutations which we examined all lie between residues —60 
and —66. We have summarised the evidence which indicates that 
these mutations alter the binding of gal repressor to gal DNA. 
Our data do not determine the extent or the size of the operator. 
A more complete definition of the gal operator will be obtained 
by direct protection experiments against chemical modification 
of the DNA and by the isolation and sequencing of additional 
mutants. Such experiments are in progress. Interestingly, in 
three of the mutants two adjacent base pairs have been changed. 
The high frequency of this type of mutation is probably due to 
the method of mutagenesis—UV light. 

The location of the gal operator contrasts with the location of 
the operators in other operons. The lac repressor protects about 
20-22 base pairs, between —3 and +20 (ref. 6). The trp repressor 
interacts with a segment which includes at least the portion 
between —5 and —17 (ref. 16). At each of two A promoters, AP, 
and AP,, the lambda repressor binds with decreasing affinity to 
three adjacent operators. The A operators which are closest to 
the respective initiation sites have the highest affinity for the 
repressor’. In each of these systems the repressor thus binds at 
close proximity to the transcription initiation site and thereby 
prevents directly RNA polymerase from forming a stable prein- 
itiation complex. The location of the gal operator suggests a 
different mechanism for repression. 

Examination of the CRP binding site in lac and a segment in 
gal located about the same distance from the cyclic AMP-CRP 
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Fig.5 Effect of the gal repressor on initiation of transcription at 
$1 and S2. The gal repressor was purified from an E. coli strain 
containing the plasmid pGR4, a derivative of plasmid pBR313"* in 
which the ga/R gene was introduced by in vitro recombination 
(R. di L., unpublished results), The repressor was purified accord- 
ing to a published procedure’, except that the affinity chroma- 
tography step was substituted with chromatography on single 
stranded DNA cellulose (R. di L., unpublished). Transcription 
reactions were carried out in a final volume of 50 ul containing 
1 pmol Tris-HCI (pH 7.9), 5 umol KCI, 0.15 umol MgCl, 5 nmol 
EDTA, 5 nmol DTT, 2.5 ug bovine serum albumin, 0.9 pg CRP, 
0.5 pg RNA polymerase, and 20 ng of the 235 base pair Hhal 
fragment of Fig. 1. After 10 min of incubation at 37 °C, heparin 
5 ug was added to inactivate unbound RNA polymerase and 
transcription was started 1 min later by adding 5 pl of a solution 
containing 1 mM ATP and 100M each of GTP, CTP and 
(a-**PJUTP (10-20 CI mmol” '). Where indicated, cyclic AMP 
(10 mmol), gal repressor (0.9 ug) and D-fucose (1 umol) were 
added before the addition of heparin. After 10 min at 37°C 
reactions were terminated by adding 0.25 ml of 0.1 M Tris-HCl 
pH 7.4, 0.2% SDS, 10 mg ml ' tRNA, and 10 mM EDTA. After 
extraction with phenol, the RNA was precipitated with ethanol, 
redissolved in 10M urea, 0.025% bromophenol blue, 0.025% 
xylene cyanol FF and electrophoresed on an 18% polyacrylamide 
gel in 7M urea''. Lanes 1-3: no cyclic AMP added; lane 1, no 
repressor; lane 2, repressor alone; lane 3, repressor and D-fucose. 
Lanes 4-6: cyclic AMP added; lane 4, no repressor; lane 5, 
repressor alone, lane 6, repressor and D-fucose. Numbers on the 
right of the figure indicate the size of the RNAs in nucleotides. 
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startsite of transcription shows striking similarities both in 
sequence and symmetry (see Fig. 4b). In lac, sequence data of 
CRP site mutants and chemical protection experiments indicate 
that the symmetry in Fig. 4b is probably recognised by CRP. In 
gal all O° mutants which we examined are clustered between 
—66 and —60, so lie within the same region. Hence one possible 
mechanism for gal repression could imply an interaction of the 
gal repressor with the same site which is recognised by CRP: the 
gal repressor could block P1 transcription by simply preventing 
CRP binding to DNA. The following results, however, indicate 
that despite the similarities in sequence and symmetry CRP does 
not interact with this segment in gal. (1) All O° mutations which 
we have examined exhibit the same degree of stimulation of P1 
activity by cyclic AMP-—CRP and inhibition of P2 function by 
these factors as wild-type DNA. More quantitative data were 
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Fig. 6 Comparison of cyclic AMP effects on P1 and P2 tran- 
scription for wild-type gal DNA and mutant O§,gal DNA. 
Conditions for transcription and analysis of the transcripts on 18% 
polyacrylamide-7 M urea gels were as described in Fig. 5 legend. 
Radioactive bands, visualised by autoradiography specific either 
for P1 or P2 transcription, were excised from the gel and counted. 
A 9-nucleotide-long transcript is specific for P1, whereas a 6- 
nucleotide-long transcript is specific for P2. a, Wild-type gal DNA: 
E, P? RNA; @, P2 RNA. b, Og, gal DNA; O, P1 RNA; O, P2 
RNA. 


obtained with one ga/O* mutant (O3§, ). This mutation lies at the 
same location within the ‘common’ symmetry and causes the 
same base change as a lac CRP binding site mutation”? (see Fig. 
4). In the mutant gal, the cyclic AMP-CRP concentration 
dependency for P/ activation (and for P2 repression) is indis- 
tinguishable from that obtained with wild-type DNA. Thus a 
similar mutation which severely reduces CRP-dependent 
promoter activity in /ac has no effect on this function in gal, 
indicating that unlike in /ac this site is not essential for CRP 
function in gal. (2) Protection experiments indicate that CRP 
binds between —50 and —25 in gal DNA and not to the segment 
which is analogous to the lac CRP binding site (T.T. and B.deC.., 
unpublished results). (3) Replacement of the DNA to the left of 
—60 with an unrelated DNA sequence does not change the 
concentration dependency for cyclic AMP-CRP stimulation of 
P1 and repression of P2 (T.T. and B.deC., unpublished results). 
Thus CRP is capable of activating gene transcription by interac- 
ting at a different location in different CRP-dependent 
promoters. 

Our results clearly indicate that binding of the gal repressor to 
gal DNA does not prevent the inhibition of P2 transcription by 
cyclic AMP-CRP. One possible explanation would postulate 
the existence of two binding sites for cyclic AMP—CRP, one for 


Nature Vol. 279 7 June 1979 


P1-stimulation, the other for P2 repression. gal repressor would 
interfere with the binding of cyclic AMP-CRP at one site, not at 


the other. An alternative hypothesis to explain both the stimu- 


latory and inhibitory effects of cyclic AMP-CRP is that the 





Fig. 7 Effect of nucleoside triphosphate (NTP) concentrations on 
transcription from S1 and S2. Transcription reactions and poly- 
acrylamide gel analysis were as in Fig. 5 exce pt for the NTP 
concentrations as described below. [a-“PJUTP (10- 
20 Ci mmol™’) was used as radioactive precursor. Lanes 1 to 3: no 
cyclic AMP added. Lane 1: ATP 100 M, GTP, CTP and UTP 
each 10 uM; lane 2: ATP, GTP, CTP and UTP each 100 uM and 
20% glycerol (v/v); lane 3: ATP, GTP, CTP and UTP each 
100 uM; lane 4: cyclic AMP added, ATP, GTP, CTP and UTP 
- each 100 uM. 
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interaction of cyclic AMP-—CRP with a unique DNA binding site 
could create different protein-protein interactions which would ` 
facilitate the formation of a stable transcription initiation 
complex at PI and inhibit this reaction at P2. Our finding that 
the concentrations of both CRP and of cyclic AMP needed for 
half maximal stimulation of P1 are identical to those which 
cause 50% repression of P2 is consistent with the latter model. 
If we postulate such a unique and specific binding site for CRP, it 
is obvious that the gal repressor cannot simply prevent CRP 
from binding to this site, since CRP still inhibits P2 transcription 
in the presence of gal repressor. We believe that gal repressor 
could block the productive interaction between CRP and RNA 
polymerase at P1 without affecting the interaction between 
CRP and RNA polymerase at P2. We cannot exclude, however, 
that cyclic AMP-CRP interacts with RNA polymerase first and 
the cyclic AMP-CRP-RNA polymerase complex binds to P1 
requiring little or no specific interactions between cyclic AMP- 
CRP and DNA. The same cyclic AMP-CRP~RNA polymerase 
complex would be unable to bind to P2. The high specificity of 
binding of the cyclic AMP-CRP complex itself to lac DNA" 
and to gal DNA (T:T. and B.deC., unpublished observations) 
does not favour such an hypothesis. 

In vivo the gal operon can be induced by galactose or fucose 
even when cyclic AMP or functional CRP are eliminated from 
the cells by mutation. Both galR™ mutants and cells harbouring 
many copies of a plasmid which contains an intact gal operator 
exhibit high levels of galactokinase synthesis whether cyclic 
AMP or CRP are present or not (see accompanying article? and 
B.deC., unpublished observations). galO* mutants also show a 
high. level. of constitutive gal expression in the presence or 
absence of cyclic AMP-CRP. These in vivo results clearly 
indicate that the interaction between the gal repressor and the 
gal operator causes repression of both PI and P2. In vitro, 
however, the gal repressor blocks only the cyclic AMP-CRP 
dependent transcription from S1 but does not decrease initiation 
of transcription from S2. The repressor binds to gal DNA in the 
absence of cyclic AMP-CRP but does not prevent RNA poly- 
merase from initiating transcription-at S2- Hence;.the in vitro 
results reproduce the in vitro regulation by the gal repressor 
when transcription starts from $1. In the absence of cyclic AMP 
or CRP, however, repression of gal transcription occurs in vivo 
but not, in our experimental conditions, in vitro: This could 
suggest that our defined in vitro system is lacking one or more 
elements responsible for the repression at S2 in vivo. 

In earlier in vitro experiments using A gal DNA as template it 
was found that cyclic AMP and CRP stimulated gal mRNA 
synthesis 5- to 10-fold’®. gal mRNA. was measured by 
DNA: RNA hybridisation and the majority of the RNA mole- 
cules which were analysed were of large size. We have: shown 
here that initiation of gal transcription at S2 is in fact more 
efficient than at S1, but that even with elevated NTP concen- 
trations RNA polymerase terminates transcription prematurely. 
Thus the low amounts of hybridisable gal mRNA found in vitro 
in the absence of cyclic AMP and CRP were probably due to a 
defect in elongation and not of initiation of transcription. Hence 
the high levels of gal expression which are observed in vivo in 
the absence of cyclic AMP or CRP could be due to a mechanism 
which would prevent premature termination of transcription. 
We propose that repression of gal transcription from S82, as is 
observed in vivo, could control the rate of premature termina- 
tion. 

We thank Sankar Adhya, Max Gottesman, Asis Das and 
Susan Gottesman for helpful discussions, Bruno Bruni for the 
recA derivative of MR93, and Ray Steinberg for help with the 
illustrations. 
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Structure and control of phosphofructokinase 
from Bacillus stearothermophilus 


P. R. Evans & P. J. Hudson* 


MRC Laboratory of Molecular Biology, Hills Road, Cambridge, UK 





The allosteric enzyme phosphofructokinase binds its sub- 
strate fructose-6-phosphate between two subunits of the 
tetramer, and allosteric effectors between another pair of 
subunits. The effector binding site accommodates both the 
activator and the inhibitor. The substrate cooperativity and 
allosteric control are mediated by these ligand bridges 
between subunits. 





PHOSPHOFRUCTOKINASE (EC 2.7.1.11) catalyses the phos- 
phorylation of fructose-6-phosphate (F6P) by ATP to form 
fructose-1,6-diphosphate in a reaction which controls the rate of 
glycolysis in the cell. 


a+ 
F6P+ATP —-—> F-1,6-DP+ADP 


The enzyme has been isolated from a wide variety of sources (for 
reviews, see refs 1,2), and its activity is regulated by a variety of 
intracellular metabolites, depending on the source. The 
enzymes from muscle and from yeast have complex oligomeric 
structures with subunits of molecular weight 85,000 (refs 1,2) 
and 100,000 (ref. 3) respectively. In contrast, the enzymes from 
bacteria are much smaller, and have simpler control properties. 

We have worked on the phosphofructokinase (PFK) from the 
thermophilic bacterium Bacillus stearothermophilus, which is a 
stable tetramer of identical subunits each of molecular weight 
33,900. The complete amino acid sequence of 316 residues has 
been determined*. Preliminary kinetic analysis shows a sig- 
moidal dependence of activity on the concentration of the 
substrate F6P, allosteric activation by ADP, and inhibition by 
phosphoenolpyruvate (PEP) (H. Hengartner, unpublished). 
This allosteric behaviour is similar to that found for the enzyme 
from Escherichia coli, which has been explained with two states 
of the molecule, an active R-state and a less active T-state’. Both 
enzymes behave as K-systems, that is the two states differ in 
their affinity for the cooperative substrate F6P, but not in their 
catalytic rate ka. Unlike the eukaryotic PFKs, these bacterial 
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enzymes are not inhibited by ATP or citrate, nor activated by 
AMP. The relationship between the enzymes from prokaryotic 
and eukaryotic sources remains unclear. We have been looking 
for a stereochemical explanation of the enzyme activity and 
investigating the cooperativity of binding of F6P and the 
influence of the allosteric effectors on the activity. We present 
here a preliminary report on the structure and substrate binding 
to the enzyme, which suggests explanations for some of these 
phenomena. 


X-ray structure determination 


PFK was purified from cell extracts of B. stearothermophilus by 
affinity chromatography on AMP-Sepharose® and ATP- 
agarose’. Large crystals suitable for X-ray diffraction were 
grown from ~2M potassium phosphate pH 7.3 containing 
2 mM fructose-6-phosphate, 1 mM dithiothreitol and 0.5 mM 
EDTA. X-ray photographs show that the crystals belong to 
space group 1222 with cell dimensions 122.5 A, 84.1 A, 61.5 A 
and with one subunit in the asymmetric unit. Native crystals 
were prepared for data collection by washing out the F6P with 
2.5 M phosphate solution. Intensity data were collected to 2.4 A 
resolution on a rotation camera for the native and three heavy 
atom derivatives, (p-hydroxymercuribenzoate, ethylmercury 
thiosalicylate, and Au(CN),"). An electron density map was 
calculated by the usual method of isomorphous replacement 
using phases calculated from the three heavy atom derivatives. 

A phase improvement method suggested by Agarwal and 
Isaacs? was tried, starting with the isomorphous replacement 
map. A model structure was created by distributing atoms of 
atomic number 7 through the high density regions of the map, 
such that the number of atoms in the asymmetric unit was 
approximately correct (~2,400) and they were not too close 
together. The positions and thermal parameters for these 
dummy atoms were refined by a diagonal least-squares pro- 
cedure”?°, and the calculated structure factors after eight cycles 
of refinement (R = 0.255) were used to calculate phases. The 
calculated phase probability distributions were combined with 
those from the isomorphous derivatives’ ™™?, and a second elec- 
tron density map was calculated with these combined phases. 
Although the theoretical justification for this method is dubious, 
particularly at a resolution as low as 2.4 A where the ratio of 
observations to parameters is only about 1.35, it does seem to 
sharpen the electron density in a useful way. 

The two electron density maps were contoured on to small 
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Domain | Domain 2 





Fig. 1 a, Schematic drawing of the polypeptide chain of one 
subunit, viewed along the x axis. Arrows represent -sheet strands 
(A-K) and cylinders represent a-helices (1-13). b, Schematic 
drawing of the tetramer of PFK. Each subunit is shown divided into 
two domains, numbered 1 and 2. The four subunits are related by 
-three orthogonal dyad axes (222 symmetry), which coincide with 
the crystallographic symmetry axes. There is a solvent filled hole of 
~7 A diameter through the centre of the tetramer along the y axis, 
indicated by a cylinder. The positions of some of the sites A, B and 
C are marked, showing that sites A and C lie between subunits. 


scale map stacks (1 A= 2.5 mm). From these we could trace the 
course of the entire polypeptide chain, and locate nearly all the 
amino acid side chains. It was easier to trace the main chain 
through the map from the combined phases, but more recent 
model building into the density on a computer graphics system‘ 
has shown that the shape of the electron density is better in the 
isomorphous map. Nevertheless, the procedure was useful in 
aiding the initial interpretation and improving some of the 
poorer regions of the density. Part of the isomorphous replace- 
ment map is shown in Fig. 2, showing the top of domain 1 and the 
central B-sheet of domain 2. The interpretation of nearly all of 
this map was clear, particularly in the helices and the B-sheet 
regions. The positions and shapes of the side chains agreed with 
the chemical sequence, aromatic residues and methionines 
being unmistakable. In the internal parts.of the structure, most 
of the main chain carbonyl groups could be seen as bulges on the 
electron density. A few of the loops on the surface were less 
clear, particularly the loops between helix 1 and sheet strand B, 
and between helices 3 and 4. Details of the crystallography will 
be published elsewhere. l 


The structure of the protein. 


This description is based on the approximate a-carbon coor- 
dinates measured from small-scale map at 2.4 Å resolution. The 
more precise model building into the electron density confirms 
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all the essential features. Figure 1a illustrates one subunit, and 
Fig. 3 shows the a-carbon chain in stereo with the subunit 
interactions, the substrates and effectors. Figures 4 and 5 are 
also schematic views of two halves of the tetramer. 

The PFK subunit consists of two domains each of which has a 
central B-sheet sandwiched between a-helices, a type of fold 


‘which. has been seen in a number of proteins (æ/ßB class of 


proteins of Levitt and Chothia*’). However, the topology of the 
B-sheet strand connections in both domains of PFK is different 


_ from that in any other known protein structure. The first domain. 


~ 


(Fig. 1a) has seven strands of B-sheet, the central five being 
parallel, and the outer two antiparallel to the others. The second 
domain has four parallel strands. The two sheets point towards a 
deep cleft which forms the active site (see below). Starting from 
the amino terminus, the chain first forms the main part of 
domain 1, including five strands of sheet A to E, and helices 1-5, 
then crosses to the second domain through the long helix 6. 
There follows most of domain 2, then the chain returns to 
domain 1 for the last. two sheet strands J and K. Finally an 


_ extended chain returns to domain 2 for the final helix 13. 


Domain 1 consists approximately of residues 1-131 and 251- 
' 301, and domain 2 of residues 132-250 and 302-316. This 


insertion of one domain into the middle of the polypeptide chain 
of another is unusual in domain proteins: in most cases the 
domains are segregated along the chain, although the final 
crossing to the other domain for a C-terminal helix is more 
common (for example, glyceraldehyde-3-phosphate dehy- 
drogenase’*’” and phosphoglycerate kinase’). Other proteins 
with such inserted domains include pyruvate kinase?’ and the E. 
coli arabinose-binding protein’°. All but one of the connections 
between successive parallel 8-strands are right-handed****: the 
exception is the connection between strands E and J, where the 
connecting loop contains the whole of the second domain, about 
157 residues. . 

Each subunit forms close contacts with only two of the other 


subunits in the tetramer. The interaction across the dyad along z 


is shown in Figs 3a and 4: the end of helix 6 is tightly packed 
against the néighbouring subunit, and the -strands I interact 
across the dyad axis. The relative twist of these strands is in the 
wrong direction for extensive antiparallel B-sheet interactions, 
but two hydrogen bonds are formed across the dyad axis. The 
other subunit contact, across the dyad along x, is shown in Figs 
3b and 5. The main interaction is the packing between the three 
helices 1, 3 and 11, and three helices 6, 7 and 13 in the other 
subunit. Also the bend between the #-strands J and K is in 
contact with its counterpart across the dyad. Figure 3c is a view 
of the tetramer from the end of the subunits, along y, and shows 
both of these subunit contacts. A solvent-filled hole ~7 A in 
diameter passes through the middle of the tetramer separating 
the pairs of subunits which do not interact. 


‘Table 1 Compounds binding to the three binding sites A, B and C 


Active site Effector site 
A ' B C 
F6P ADP/Mg or Mn D e l 
P; AMPPNP/Mg or MN ADP/Mg or Mn (activator) 
(FDP) (ATP) - PEP (inhibitor) 


Compounds in brackets have not been observed, but are assumed to 
bind in these sites. Binding of ligands other than P; in site C is only 
observed in crystals which have been transferred to 1.25 M sodium 
citrate (pH 7.3), or to 2.5 M potassium tartrate (pH 7.7). In the citrate 
solutions, and tartrate solutions containing ADP, the phosphate ion in 
site C is displaced, but the phosphate in site A remains. Transfer of the 
crystals to tartrate solution in the absence of other ligands causes the 
crystals to crack and change their space group, suggesting that a struc- 
tural change has occurred. No binding of tartrate or citrate ions is 
apparent. k 
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Binding studies 


The binding of several compounds has been studied in the 
crystal, mostly using data to 6 A resolution, but with one set of 
data to 2.4A resolution. There are three binding sites per 
subunit, sites A and B forming the active site and site C which 
appears to be the effector site. The molecules which bind to 
these sites are summarised in Table 1. Site A binds F6P in the 
crystals as grown, but this is replaced by PO{” when F6P is 
washed out to make the native crystals. The phosphate ion is the 
highest peak in our electron density map (Fig. 2), Presumably 
this site should also bind fructose-1,6-diphosphate (FDP), but 
crystals soaked in this compound show only weak binding. Site B 
binds ADP with either Mg’* or Mn*", but difference maps from 
crystals soaked in ATP show density identical to ADP, perhaps 
because of hydrolysis of ATP by the enzyme. The ATP analogue 
AMPPNP (5’-adenylylimidodiphosphate) binds in this site also 
with either Mg’* or Mn**, and shows additional electron density 
which presumably represents the y-phosphate group. Site C 
appears to be the effector site, and binds a phosphate ion in our 
native crystals: this ion also shows clearly in the electron density 
map. This site binds both the activator ADP and the inhibitor 
PEP. 


Details of the binding sites 


Figures 4 and 5 show the binding of the substrate pair F6P and 
ATP/Mg in the active site, and the activator ADP/Mg in the 
effector site. These are superimposed on diagrams of two 
subunits from the tetramer, together with those side chains 
which are in contact with the ligands. The positions of the bound 
molecules were taken from a difference map at 2.4 A resolution 
from crystals soaked in F6P, ADP and Mg in 2.5 M potassium 
tartrate. This map showed clear density for F6P in site A and 
ADP/Mg in the effector site C, but the ADP/Mg in site B was 
less clear and only about half occupied: there was no electron 
density for the B-phosphate. Models of the three ligands were 
fitted to the electron density on a small Richards’ box. The 
drawings show ATP in the active site, based on the 2.4A 
resolution ADP density and the y-phosphate position from a 
difference map between AMPPNP and ADP at 6 A resolution. 
The magnesium ions are clear in the difference electron density 
and correspond to their positions deduced from the 6 A resolu- 
tion difference map between Mn** and Mg”. 

Site A. The notable feature of this site is that the 6-phosphate 
group of F6P (and the phosphate ion in the native crystals) is 
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Fig. 2 Sections z=20/76 to 26/76 of the 
isomorphous replacement electron density 
map. This view corresponds to those in Figs 3a 
and 4. The grid lines are at intervals of 10 A. 
One subunit is outlined: part of the subunit 
related by the dyad axis marked on the z axis is 
shown at the top. Outlines of the difference 
electron density for FOP and ADP are shown. 
The F6P outline encloses the high density peak 
representing the inorganic phosphate ion in the 
native map (labelled P). The ADP outline is 
labelled A for adenine, R for ribose, P for the 
a-phosphate, and Mg for the magnesium ion. 
Three of the side-chains which bind the F6P 
molecule are indicated: His 246 and Arg 159 
(from the upper subunit) bind the phosphate 
together with Arg 240, which is above the 
sections shown. Met 166 is one of the residues 
forming the pocket for the fructose ring. The 
four B-sheet strands of domain 2 are labelled F, 
G, H, I, and three a-helices are labelled 4, 5 and 
8 (compare Fig. 4). 


bound by amino acid side chains from two adjacent subunits, His 
246 from one subunit, and Arg 159 and Arg 240 from the other 
subunit (Fig. 4). Thus the cooperative ligand F6P bridges 
between two subunits. The 1-hydroxyl is close to the y-phos- 
phate of ATP, and appears to be hydrogen bonded to Asp 124. 
This residue may act as a base catalyst for the reaction by 
increasing the nucleophilicity of the 1—OH group. This phos- 
phorylation site lies in the boundary between the two domains of 
the subunit, while the groups which bind the sugar ring of F6P 
(Arg 249, Met 166, Glu 219 and Asp 124) come from domain 2 
of the subunit (the right-hand domain in the lower subunit in 
Fig. 4). 

Site B. The conformation of ADP (and hence ATP) in this site 
is not very clear from our current maps, nor are all the inter- 
actions with side chains. The magnesium ion binds in the same 
position with both ADP and AMPPNP (and therefore presum- 
ably with ATP). In ADP it binds to the a-phosphate and possibly 
to the invisible B-phosphate: in ATP it probably bridges the a- 
and B-phosphate groups. The ATP molecule is bound to domain 
1 with the y-phosphate near the domain boundary: the only 
residue involved from domain 2 is Arg 168, which becomes 
ordered near the phosphates when the nucleotide is bound. Asp 
100 may be involved in the binding of Mg**. 

Site C. While the substrate F6P is bound between the subunits 
related by the z dyad axis, the effector is bound in a cleft 
between subunits related by the x dyad. The key interaction with 
ADP seems to be with the 8-phosphate group, which replaces 
the phosphate ion bound to this site in the native crystals. This 
phosphate is bound by three arginine residues, Arg 151 from the 
upper subunit in Fig. 5, and Arg 21 and Arg 25 from the lower 
subunit. The ribose is bound by His 212 and Thr 155. The Mg** 
ion bridges the a- and B-phosphates of ADP, but its only 
interaction with the protein seems to be with a main chain 
carbonyl group. The diphosphate of ADP points into a cleft, 
which is consistent with the specificity of the site for ADP rather 
than AMP or ATP, and its lack of specificity for the base*. The 
phosphate group of PEP appears to bind in the same place as the 
B-phosphate of ADP. This site is best considered as a phosphate 
binding site, rather than a nucleotide binding site. 


Discussion 


This structure of B. stearothermophilus PFK seems to cor- 
respond to the active R-state of the Monod, Wyman, Changeux 
model°**. A structural change caused by transferring the crys- 
tals to tartrate solution suggests that a second conformational 
state exists. All the structures we have been able to look at 
contain either phosphate ion or F6P bound in site A, and we 
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Fig. 3 Orthogonal stereo views of the a-carbon atoms of PFK together with the substrates F6P and ATP/ Mg, and the activator ADP/Mg, 

viewed towards the centre of the tetramer. a, The upper two subunits of the tetramer viewed along the z axis (compare Fig. 4). b, The upper two 

subunits viewed along the x axis (compare Fig. 5). c, The upper half of the tetramer viewed along the y axis. Only half of each subunit is shown. 
The three ligand binding sites are indicated. 


suggest that the removal of these ligands triggers the structural 
change to the less active T-state. Without knowing its structure, 
we cannot account in detail for the difference in affinity for 
ligands between the two states, but the nature of the binding site 
Suggests a plausible explanation. The F6P site bridges two 
subunits, so a change of the relative position of these subunits 
could remove the two arginines 159 and 240 from the F6P site, 
reducing its affinity for F6P without changing the mode of 
binding. As the active site of PFK lies between the two domains 
of the structure, it would seem likely that any relative movement 
of these domains would change the catalytic rate, Kea by moving 


the catalytic groups. As a change of kea is not observed, a more 
plausible model for the allosteric transition is a rearrangement 
of essentially rigid subunits into a different quaternary structure. 
This would contrast with other enzymes in which two domains 
within a subunit move on binding of substrates: these include 
hexokinase**, glyceraldehyde-3-phosphate dehydrogenase (A. 
J. Wonacott, personal communication) and probably phos- 
phoglycerate kinase“. 

The effector site lies at the interface between another pair of 
subunits; as it binds both activator and inhibitor, the affinity for 
these molecules must change in opposite senses during the 
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Fig.4 Schematic view of the two subunits along the z axis towards 
the centre of the tetramer. The substrates and activator are shown, 
_and the side chains around the active site and effector site. 


allosteric transition. The local changes around this site are 
different with binding of ADP and of PEP, but we cannot 
explain the relative affinities of the two conformations without 
knowing the structure of the T-state. bach 
Each subunit in the tetramer has an interface with two other 
subunits, one of these is bridged by F6P, the other by the effector 
(see Fig. 3c): thus catalysis and control require the whole 
tetramer. Figure 4 shows that the active site 1s close to the 
effector site, and the part of the enzyme that lies between the 
sites, particularly residues 151 to 159, has side chains pointing in 
one direction to the F6P site and in the opposite direction to the 


effector site. Thus binding of a ligand in either site could affect. 





a) 
PO >is 210 ° Effector 


Fig.5 Schematic view of two subunits along the x axis towards the 
centre of the tetramer. The substrates and activator are shown, and 
the relevant side chains around the. effector site. 
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directly the ligand affinity in the other site, in addition to the 
indirect effect caused by shifting of the equilibrium between the 
two conformational states. 

All three binding sites in PFK bind phosphate groups, but 
there are interesting differences between them. Sites A and C 
both bind an inorganic phosphate: ion as well as their specific 
ligands, and they have a clear electrostatic mode of binding: site 
C binds the phosphate with three arginine residues, and Site A 
with two arginines and a histidine. In contrast, site B does not 
bind inorganic phosphate, and does not have such a clear 


positively charged nature, although arginine 168 is close and the 


Mẹg’* ion is bound to the a- and B-phosphates of ADP and ATP. 
The phosphates in this site are at the amino end of helix 5, and it 
has been suggested that the dipole of an a-helix provides 
approximately half a positive charge at its amino end”. The 
difference between the three sites may be related to the 
requirements for binding at sites A and C, compared to binding 
and catalysis at site B. Site C is unusual in that it lies at the amino 
end of a #-sheet. In most proteins with parallel 8-sheets, the 
binding sites for all types of ligand are at the carboxy end of the 


sheet (although the secondary ADP site in pyruvate kinase is at 


the amino end of the $-sheet barrel’’). However, this effector 
site C is required by its function to be in the subunit interface, 
and this requirement presumably outweighs other preferences. 

Over the past few years, there has been much discussion about 
the similarities between the tertiary structures of some proteins 
and whether these relationships are duė to the rules of poly- 
peptide folding or to evolutionary homology’*~*. Among pro- 
teins with central B-sheets (a/ proteins), four different dehy- 
drogenases resemble each other in one of their two domains. In 
contrast, five different kinases (adenylate kinase’, hexo- 
kinase*’, phosphoglycerate kinase’***-** pyruvate kinase’? and 
PFK) show much less similarity. Although they all contain 
domains built around parallel f$-sheet, the topological 
arrangement of these sheets are different, and their mode of 
binding substrates is different. These differences suggest that 
these kinases do not share a common ancestor. 

We thank Drs R. S. Mulvey and M. F. Perutz for helpful 
comments. P. J. H. was a CSIRO scholar. 
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letters 


S8433—a massive black hole? 


THE peculiar emission line object $$433 has recently been the 
subject of interest following new spectrophotometric obser- 
vations by Margon er al.', and previous suggestions identifying it 
with the supernova remnant (SNR) W50 (ref. 2) and also with 
the X-ray source A1909+04 (ref. 3). Margon et al.’ report 
“three very strong (equivalent widths 50-150 A) broad emission 
features in the green, red and IR, which change in intensity, 
profile and wavelength daily.” In this note we propose that the 
reported red and IR lines (at ~6,000 A and ~7,400 A, respec- 
tively) are Doppler-shifted Ha lines which are emitted from a 
ring of matter orbiting around a ~10° Mo black hole. (The 
green line at ~5,200 A may be the redshifted H£ line.) The ring 
itself may be part of an accretion disk and its radius is ~20-25 
gravitational radii (R, = 2GM/c’). The intensity of an emission 
line per observed Doppler-shifted frequency interval in such a 
ring is maximal at the two extreme ends of the spectrum’, in any 
case of emission constant along the ring. These maxima are quite 
sharp; in the non-relativistic case, we have 


dI,/dv x {r} —(av)?}? 


where dv is the frequency shift and vo depends on the radius of 
the ring and on its inclination with respect to us. Also, due to the 
gravitational redshift in our case, the centre-of-mass of the red 
and IR lines emitted from such ring is additionally redshifted. 

It is difficult to determine the relative intensity of the 
Doppler-pair members observationally, because of the 
uncertainty in the reddening out to $S433; if one takes 
A,~7 mag, as is reasonable for a distance of ~3.3 kpc in the 
galactic plane, the data of Margon et al. are consistent with both 
members having roughly equal intensities or even having the 
blueshifted member slightly stronger, as expeced for such a 
model*. Also, to match these observed shifts’, the plane of the 
ring should be inclined towards us*. Our numerical calculations 
for a model line emitted from such a ring are consistent with the 
structure of the observed pair in Fig. 3 of ref. 1 for inclination 
angles of 45~60°. 

Accumulated results of observations (J. Katz, personal com- 
munication) of the above and other shifted lines from $5433 
show the following characteristics: 

(1) Let B = (Aguesnittead ~Ao)/Aor R = (À redshittea ~ Ao)/Ao and let c 
be the velocity of light. then, 3¢(R-B) has now varied between 
~10,000 kms”! and ~40,000kms~'. These high velocities 
strongly point to processes in a region of high gravitational field, 
near a neutron star or black hole. 

(2) During these variations of B and R, the centre-of-mass 
(COM) of the lines Gc(R+B)) remains fairly constant’, 
redshifted at ~10,000 kms™'. This poses severe difficulties on 
models in which the changes in R and B are due to velocity 
magnitude changes alone (rather than to changes in angle, such 
as a precession of the ring’, say, which is suggested by a possible 
periodicity in the data*’). It also indicates that the emission 
region for the shifted lines remains at a fairly constant gravita- 
tional redshift (that is, distance from the compact object). 

(3) The shifted lines are accompanied by an unshifted line. This 
poses a difficulty on any interpretation of the shifted COM as an 
overall motion of $$433. l 

(4) The shifted lines are quite narrow, (8A/A)/Bma © 10%, 
suggesting a reasonably narrow emission region. 
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(5) Let the line-emitting region be of surface area 4r R’. Then 
its brightness temperature T, must satisfy T,>10°K 
(R/10° cm)’. This poses severe difficulties on neutron star 
models and on models having black holes with R,<10"' cm 
(M <3x10° Mo), particularly with no observational evidence 
for coherent emission. 

(6) In several of the Ha Doppler-shifted pairs’, one line seems 
to be the mirror image of the other (imaging on the A axis, mirror 
located at the COM). This indicates a correlation between the 
geometries of the two emission regions, such as that found in 
emission from a ring. In pairs observed at other times, no such 
symmetry was found (J. S. Gallagher, personal communication), 
suggesting that the emission region has variable structure, or 
that its appearance to us is variable. 

We infer from these considerations that the compact object, 
around which the emission takes place, cannot be a neutron star 
or a light black hole, but rather the above mentioned ~10° Mo 
black hole. An optically thick accretion disk around such a black 
hole has indeed most of its flux coming from such ring, at UV and 
visible frequencies". Note, that if the centre of the SNR W50 is at 
distance 210 pc from $8433 (ref. 1), the disk may be fed by the 
SNR (although interstellar matter, if its density near the black 
hole is close to its average value in the Galaxy, can do the same); 
for typical values” of the particle density (~1 cm™*) and velocity 
(~100 km s~) in such SNR, the feeding is at a rate of <10°’ Mo 
per yr, giving a total luminosity of <10°° erg s”' if the disk is in 
steady state. This is consistent with the observed optical 
luminosity, which seems to indicate that M, = —3.5 (ref. 1). 

The unshifted H, line’ could arise from reprocessing of some 
of the <10°% ergs™' optical and UV radiation from the black 
hole, in the rim of the disk'°''. This suggests that S8433 might 
be a strong UV source and that the shifted lines may also be due 
to reprocessed UV radiation. 

Our model also suggests that the whole system may be part of 
an old globular cluster. 

We thank Jonathan Katz for stimulating discussions. T.P. 
thanks the Racah Institute for hospitality and the NSF (grant 
PHY77-22489) and SRC for support. 
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Hard X-ray spectrum of Cyg X-1 


THE three most likely black hole candidates known in X-ray 
astronomy are Cyg X-1, Circ X-1 and V 861 Scorpii’. Cyg X-1 
has a key role as it is the best studied of these objects. 
Unfortunately, the evidence for its being a black hole is entirely 
circumstantial; namely, the mass of the compact object and its 
observed short time variability. The spectrum of Cyg X-1 is also 
very different from those of accreting neutron stars, but it is 
similar to spectra of extragalactic sources which may contain 
massive black holes, Eardley et al.” have recently reviewed the 
existing evidence. Here we consider only the X-ray spectrum 
and the source luminosity. This work was motivated by the 
spectral measurements with very high statistical accuracy of Cyg 
X-1 made in the hard X-ray range by the AIT/MPI group’. 
Progress has been made in Moscow in calculating source spectra 
expected from hot accretion disks. Thus, there is a new basis for 
a comparison between observational results and theoretical 
predictions. 

Measurements by numerous rocket, satellite and balloon 
experiments have shown that the Cyg X-1 spectrum is variable 
on different time scales (see ref. 4). In particular, the source 
exhibits ‘flares’ and transitions between high and low spectral 
states”. Matteson et al.’ stressed that despite this variability 
most of the observed spectra lie near a ‘normal’ spectrum which 
can be characterised by a power law. 

~1.6 
di: 3x 107 = ) 
dE 10 keV 
(photons cm”? s~' keV™') (1) 





for 2keVSE<E,, while beyond E, the spectrum steepens 
significantly. A range of values has been quoted for this break 
energy: E, = 32 keV (ref. 8), 85 keV (ref. 7), 115 keV (ref. 9) 
and 2150 keV (ref. 10). During the past 10 yr the source has 
apparently spent most of its time (~90%) in this normal spectral 
state which has also been called the ‘low’ or ‘non-flaring’ state. 
The ‘high’ state in which the source is seen temporarily’ is 
characterised by a steep spectrum in the 2~10 keV range. As far 
as the break energy of the normal spectrum is concerned, it is not 
clear to what extent the quoted differences are due to the 
difficulty in positioning a ‘spectral break’ in the presence of 
statistical and systematic errors. On the other hand, the break 
energy is a very important parameter, as in the current 
comptonisation models it is related to the electron temperature 
of the scattering electrons (see ref. 2). 

The hard X-ray spectrum of Cyg X-1 has been measured with 
high accuracy by the balloon group of the Astronomisches 
Institut Tübingen and MPI Garching on three different flights: 
20 February 1975; 2 May 1976 and 20 September 1977. These 
measurements cover the spectral range from 15 to 150 keV. 
Figure 1 shows the data obtained on 20 September 1977 which 
have unprecedented accuracy. 

The spectra taken during these three flights agree with each 
other to within ~30% and lie very close to the normal spectrum 
quoted above. They all show a steepening below 100 keV (ref. 
3). Furthermore, they agree both in spectral slope and absolute 
intensities (within ~40% ) with high quality rocket spectra taken 
by the GSFC group on 4 October 1975"'. All these data suggest 
that the normal state has a more definite intensity (to <40%) 
than previously assumed. 

The X-ray emission of Cyg X-1 has been explained in terms 
of disk accretion on to a black hole’*”** which is determined by 
the following parameters'*: (1) the mass of the black hole 
m = M,/Mo; (2) the accretion rate m = M/M.a, where Maaa iS 
the Eddington critical accretion rate; (3) the turbulence 
parameter a. 

At small accretion rates (m « 1) the disk is stable but cool and 
unable to produce the observed hard X-ray spectrum. If the 
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accretion rate (onto a Schwarzschild black hole) becomes 


sigs MG -1/8 
Hi > eam) (2) 


a 


the radiation pressure will exceed the gas pressure in the inner 
part of the disk'* which leads to both secular’? and thermal'®*” 
instabilities. The unstable inner regions consist of hot and cold 
zones in pressure equilibrium. This means that the cold zones 
are dense and the production of low energy photons by brems- 
strahlung and other collisional mechanisms is very effective. At 
the same time, these mechanisms are rather ineffective in the hot 
zones and hard X rays are mainly produced by comptonisation 
of the soft photons in the hot zone of the disk. This comptonisa- 
tion is also the main cooling mechanism for the hot plasma. 

As far as the physical nature and the detailed configuration of 
the hot gas component is concerned, various models have been 
discussed: a hot inner disk surrounded by a cooler disk'*'°, 
instability driven random outbursts of hot gas’®, a hot corona 
surrounding a cool disk””’**. The comptonisation of low energy 
photons in the high temperature electron clouds leads to the 
formation of power law X-ray spectra 


IWw)~v" for hy <kT. (3) 


while above kT, the spectrum cuts off roughly exponentially. 

This was first shown in numerical calculations by Katz” for a 
non-relativistic plasma and by Pozdnyakov etal.” for relativistic 
and semi-relativistic plasmas using Monte Carlo methods. 
Shapiro et al.” found an approximate analytical formula for the 
spectral index of the power law spectrum. 

Recently, Sunyaev and Titarchuk*® derived an analytical 
solution for the comptonisation spectrum from a spherical, 
isothermal cloud in which a source of soft photons is embedded. 
This solution is valid for any spectral shape if the injected soft 
photons have an energy Arn « KT... The resulting high energy 
spectrum only weakly depends on the geometry of the clouds. 
For sufficiently high energies (hv > kT,,;,), the analytical solu- 
tion for the comptonisation spectrum can be written using the 
integral representation of a Whittaker function 
J(E)= Ax? e™ | eo 


0 





t\nr3 
e'(1+-) dt (4) 
x 
where A is a constant and 
OE P hv 
kT. kT. 
| 3 79 1/2 
aa ʻ 
TO Me’ 


=F ai 


To is the Thomson optical thickness of the electron cloud. In the 
low frequency limit x « 1, one easily obtains from the integral 


representation of the Whittaker function that the spectrum is a 
power law (the same as obtained by Shapiro et al”): 


J(E)~x™ (6) 

Likewise in the high frequency limit x > 1 the spectrum is of the 
Wien-type 

J(E)~x'e™* (7) 


A fit of the spectrum given by equation (4) to the observed low 
state spectrum (Fig. 1) yields the following set of parameters: 


kT, =27 keV (8) 
EQ 5 


Figure 1 shows the theoretical curve which is an excellent fit to 
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Fig.1 Low state spectrum of Cyg X-i, observ ed on 20 September 

1977 by the MPI/AIT balloon experiment’. The solid curve 

represents a photon spectrum expected by comptonisation, of soft 

photons in an electron cloud with a temperature of 2.5 x 10° K and 
a Thomson optical thickness rp = 5. 


the experimental data. Note that the temperature (T.~ 3x 
10° K) is much less than that obtained in previous papers?” 
(T ~ 10° K). 

We conclude that the comptonisation of soft photons by a hot 
gas gives a very good description of the observed low state 
spectrum. As the hard X-ray band (30-100 keV) contains the 
main part of the overall luminosity, this radiation must come 
from the inner region of the disk where the main energy release 
occurs. This region is quite compact (see ref. 13) and the larger 
and cooler outer regions do not contribute appreciably to the 
low state flux. 

An integration of the spectrum for E = 1 keV yields 





2 
= 3x 37 ( ) =Í 9 
L,=2.3 x10 25 kpe ergs (9) 
Thus, for a distance of 2.5 kpc (ref. 27) the observed luminosity 
is roughly 65 times below the Eddington critical luminosity for a 


10 Me black hole which is given by 


Lasa = 1.3 * 10"( =) ergs | (10) 
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Therefore, the accretion rate m derived from observations is a 
factor ~1.3 lower than that required to obtain an unstable disk 
according to equation (2). 

Before discussing this result we shall summarise briefly the 
requirements on the soft X-ray source feeding the comptonisa- 
tion process. According to Sunyaev and Titarchuk”® 





kT. len 
Ly= Looe {1+2.9 = ) 11 
ira S 
which for L,=2.3x10°’ ergs, kT.=27keV and n= 1.56 
yields 


100 eV\°:44 
as | ergs’ (12) 


(Avot) 


What is the black-body temperature of the region where the 
main energy release occurs? For a Schwarzschild black hole this 
region has a radius of ~7 gravitational radii (r ~ 2 x 10’ cm). The 
total luminosity of this region is given by 2a77r’o Tin. Equating 
this to Lon as given by equation (12) and using 


Lon 10°°( 





(Avon) 
Ta t 
KTsott = > 9 
we find 
kT aoe = 100 eV (13) 


The soft X-ray source must possess a luminosity of a few times 
10°% ergs ' and a temperature of the order of 10° K. 

We now reconsider why the observed X-ray luminosity is not 
sufficient (by a factor 1.3) to make the disk unstable. Within this 
framework of the black hole disk accretion models there are two 
solutions: (1) the discrepancy of a factor of ~1.3 is due to 
uncertainties in the observational and theoretical figures; and 
(2) there could be a large contribution to the radiation pressure 
due to unobservable (soft X and XUV) photons. 

In the first case, the accretion disk must be quite close to the 
lower boundary (in L,) of the region of instability. This is true if 
Cyg X-1 isa 10 Mo black hole, but also if it is a Kerr black hole 
for which the requirements on the mass accretion rate and total 
luminosity would be a little lower than given by condition (2). 
The marginal instability may lead to the total disappearance of 
the hard X-ray flux, if the mass accretion rate drops below the 
critical value. Although this critical mass accretion rate is not 
known precisely (it may be below the ‘normal’ rate by a factor of 
2 to 3) it should represent a sharp threshold which is different for 
Schwarzschild and Kerr black holes. To our knowledge, there is 
no observational evidence for such ‘off-states’. However, they 
might be very short (several seconds) if they are due to stochastic 
fluctuations of the accretion rate in the central parts of the disk. 
The detection of such short ‘off-states’ in the X-ray flux from 
Cyg X-1 and the other black hole candidates would be very 
important. In the long run, a precise determination of the 
threshold X-ray luminosity might yield information about the 
metric of the accreting black hole. 

The other possibility is that the actual accretion rate and 
luminosity are considerably higher than the observed values, so 
that the disk is permanently unstable. This contribution to the 
overall luminosity must be substantial (=2 x 10°’ ergs s`?) and 
should consist of soft X-ray and XUV photons. The cor- 
responding sources may be the cool parts of the disk, however, 
the required luminosity is much larger than that given by 
equation (12). Therefore, this case requires that the bulk of the 
soft flux freely escapes from the disk while only a small part (a 
few per cent) is subjected to the comptonisation process. A 
condition for this is, of course, that the hot gas clouds cover only 
part of the disk. Such large ‘soft’ luminosity of the disk would 
require a higher temperature (k7T.on~ 250 eV) than given by 
equation (13). Soft X-ray observations with high sensitivity may 
indicate a soft component in the low state spectra. Optical 
observations of the accretion disk would be important in this 
context as they may give information about the total energy flux 
which heats the peripheral parts of the disk”®. 
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Search for short time-scale 
periodicity in the 
X-ray flux of 401700 — 37 


THE first suggestion’ of the existence of a ~ 24 min periodicity 
in the X-ray light curve of 4U1700—37 was followed by the 
report’ of the detection of a ~ 97-min period in the X-ray data 
from the SAS C satellite when pointing at the same source. We 
report here how a new recent Copernicus observation of 
4U1700-—37 was used to test the existence of a short-term 
modulation of the X-ray flux. 

In July 1978 the Copernicus satellite observed 4U1700 — 37 
for a complete binary cycle between day no. 191.2 and day no. 
194.8 (from phase 0.48 of a cycle to phase 0.52 of the following, 
according to the ephemeris given in ref. 2) and again between 
day no. 195.7 and day no. 196.5 (phase 0.80-0.01). The data 
collecting time of the X-ray instrumentation*” was 62.9 s every 
86.5 s (23.6 s dead time). The X-ray data are shown in Fig. 1, 
integrated in bins of ~1h duration, after subtraction of the 
diffuse sky and particle background. A low amount of 
contamination (~20 counts per 62.9s on average) from the 
nearby X-ray source Sco X-2 is present and visible during the 
4U1700 —37 eclipses. This would not affect the detection of a 
periodic modulation, if any, in the X-ray flux of 4U1700— 37, 
but it does increase the noise in the search for periodicities. 

For our analysis we used all the July 1978 Copernicus X-ray 
data relative to the non-eclipsed part of 4U1700—37 light 
curve. The data sampling interval of 86.5 s allowed the search 
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for periodicities down to ~ 3 min (corresponding to the Nyquist 
frequency). Because of the Earth occultation and the regions of 
high particle background where the detector was switched off 
the data sets are not regularly spaced, so we used the technique 
of Gray and Desikachary® to Fourier analyse the data. We 
prewhitened the data of the low-frequency modulations by 
subtracting a low-order polynomial and we computed the 
periodigrams of the residuals. No evidence of periodicity is 
present either in the range 20-30 min or 90-100 min, as well as 
over all the range down to ~3 min. Most of the low-frequency 
noise is introduced in the periodigrams by the intense X-ray 
flaring activity of 4U1700— 37. This is the main problem to be 
overcome when searching for periodic modulation in the flux of 
a very variable source. We take the maximum value of the 
random noise peak-to-mean modulation as the upper limit to 
any true periodicity. Table 1 lists such upper limits for the ranges 
of period of interest and for increasing order of the polynomial 
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Fig. 1 The X-ray light curve of 4U1700 — 37, after subtraction of 
the diffuse sky and particle background, as observed by Copernicus 
is July 1978. The crosses represent the lo errors on the (3.1~ 
9.4 keV) count-rate integrated in bins of ~1h duration. The 
contamination of Sco X-2 is low (~20 counts per 62.9 s on average) 
due to the favourable orientation of the detector’s field of view (the 
efficiency at the location of Sco X-2 was ~ 20%). The times of 
phase 0.0 (centre of the X-ray eclipse) were calculated from the 
ephemeris given in ref. 2; the indicated length of the eclipse 
corresponds to the shortest ever observed (1975, Copernicus; ref. 
2.). The gap in the data during day no. 195 is due to the observation 
of a different target. 


fitted to the data. This was an attempt to decrease the low- 
frequency noise contribution to the periodiograms so as to make 
a real, if any, periodicity show up. Table 1 shows that the 
technique is most useful to reduce the noise in the range of 
longer periods investigated. We have also searched for the 
suggested periodic behaviour in the 401700~—37 X-ray light 
curve by folding the data modules’ values in the ranges 23~25 
and 96-98 min (at intervals of 0.1 min). The analysis is made 
difficult again by the intrinsic variability of the flux (the average 
peak-to-mean modulation is ~20% at any value of the trial 
period, in agreement with the results of the Fourier analysis). No 
significant periodicity is evident above the noise. 

The fact that the most recent X-ray observation of 4U 1700 — 
37 does not show evidence of any of the proposed periodicities 
can be interpreted in several ways. 

(1) The true period is at ~ 24 min, but it has already been 
shown’ to be present at times and absent at others (possibly 
covered by the flaring activity of the X-ray source). It is, 
therefore, quite possible that it was again absent in the 1978 
Copernicus observation. In this respect it is interesting that the 
mean X-ray flux of 4U1700—37 may have monotonically 
decreased during 1974-76 (see Table 2 in ref. 2). In the 1978 
Copernicus data the X-ray flux is close to the value observed in 
1975, also when no periodic modulation was detected. 
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Table 1 Upper limits to the peak-to-mean amplitude of any periodic 
modulation in the ranges of period indicated 





Taaa aaaea aal 


Order of the polynomial used Ranges of period (min) 


to prewhiten the data 20-30 90-100 
1 18% 50% 
3 19% 17% 
6 17% 19% 
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(2) If a periodicity at ~97 min existed in March 1977? and 
was rotational in origin, it is possible that it could have disap- 
peared in the 15 months which elapsed between the 1977 SAS C 
and the 1978 Copernicus observations (see the current theories 
of accretion torques on neutron stars in binary systems’). 
However, the rotation mechanism seems unlikely because of the 
very small probability of observing such a rapid changing period 
with the limited coverage of the satellites available for X-ray 
astronomy (the periodicity would only be present for a very 
short interval in the lifetime of the X-ray source). If a different 
origin for the proposed ~ 97 min periodicity is invoked, then it is 
difficult to explain how such a strong modulation (up to 60% 
(ref. 3)) of the X-ray flux has escaped detection in all the other 
Copernicus observations of 4U1700 — 37 (one binary cycle in 
July 1974 (ref. 9), two cycles in July 1975 and August 1976 (ref. 
2), one cycle in July 1978). In this context, it has been sugges- 
ted'° that the ~97 min period in the SAS C data could be 
spurious, arising from the way the data were collected, namely 
gaps in the data (due to the satellite being in the South Atlantic 
Anomaly or Earth blocked, or to telemetry dropouts) with the 
overall shape of the data set. 

(3) The ‘transient’ X-ray periodicities reported for 4U1700 — 
37 could be due to occasional trains of quasi-periodic events in 
the flaring activity of the source. This variability may be inter- 
preted as the result of shot noise; from the periodograms 
obtained by Fourier analysis of the Copernicus data we deduce a 
characteristic exponential decay time’’ of ~ 15 min. 

Much more observing time is required to satisfactorily clarify 
the temporal behaviour of 4U1700— 37. In particular the data 
are too limited to precisely evaluate the third alternative pro- 
posed. 

This work was supported in part by NASA grant NSG5312 to 
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X-ray observations of 
AM Herculis from OSO 8 


THE white dwarf binary system AM Herculis (2A 1815 + 500) 
has been observed in X rays at both low energies (E = 10 
keV)! and higher energies**”°. The exact shape of the spec- 
trum, particularly at the higher energies, has yet to be deter- 
mined. We present here results from the high energy scin- 
tillation spectrometer on OSO 8. These are combined with 
results published elsewhere® obtained concurrently with the 
proportional counter on the same satellite, thereby giving for the 
first time coincident observations of AM Her over the range 
2-250 keV. 

The OSO 8 instruments used to observe AM Her consist of a 
proportional counter’ covering the photon energy range 2- 
40 keV, and a high energy scintillation spectrometer” covering 
the range 20-250 keV. 

The source was observed during the period 1-10 October 
1977. The results presented here from the scintillation spec- 
trometer cover the whole period, whereas the proportional 
counter spectrum is based on ‘quick-look’ data taken during 
~20% of the period. The composite OSO 8 spectrum is shown 
in Fig. 1. Also shown for comparison are the spectrum of 
Staubert et al. obtained on 20 September 1977, the Ariel 5 
results’ obtained during the period 18-22 February 1977 and 
the OSO 8 proportional counter spectrum obtained during the 
period 11-12 October 1975°. AM Her is an eclipsing binary 
system and all the results except those of Staubert et al.* have 
been averaged over the whole binary cycle. Since Staubert et al.” 
observed it for only part of a cycle, their results have been 
normalised by a factor of 0.83. This factor was obtained by 
comparing the phases of their observation periods with the 
10-60 keV light curve of Swank et al.’. 

Variations in the spectral shape and intensity are apparent in 
the results up to 100 keV. Even if the Ariel 5 results* in this 
energy range are not considered because of their low 
significance (~1.7 s.d.), there remains a statistically significant 
difference between the results of Staubert et al. and OSO 8 
taken only 10-20 d apart. If a thermal bremsstrahlung spectrum, 
including the modified Gaunt factor, is fitted to each data set, 
then apparent order of magnitude changes in temperature seem 
to be occurring (see, for example, the temperature of =18 keV 
found by Staubert er al.* to their 1977 observations and the 
temperature of 170 keV fitted by Swank er al.” to their 1975 
OSO 8 data). 

The X-ray emission of AM Her has already been shown’ to 
vary in soft X rays (E = 10 keV) by a factor of approximately 
four from one binary cycle to the next. The results summarised 
here indicate that changes in spectral shape also seem to be 
occurring. Although the changes in intensity are certainly real, 
the variations in temperature are not so well defined. The results 
from OSO 8 illustrate the confusion. In 1975 a single tempera- 
ture fit to the data was found to be statistically unacceptable’, 
whereas in 1977 the opposite was true (Swank, personal com- 
munication). Furthermore, if the spectrum of Staubert et al. is 
extrapolated to lower energies, then the flux in the 2-5 keV 
range would be at least one order of magnitude greater than that 
ever observed. Consequently, the latter results and the 1975 
OSO 8 results suggest a spectral break being present, possibly at 
about 15 keV, on these occasions. The 1977 OSO 8 results, 
however, require no such feature. 

If the spectrum of AM Her is definitely shown to possess a 
spectral break on some occasions, then at these times it will be 
similar to that seen from Her X-1 (ref. 10) in which a break is 
observed around 25 keV. The reason for the break in the Her 
X-1 spectrum is thought to be the modification of the Thomson 
cross-section in the intense (10'* G) magnetic field of the neu- 
tron star. The magnetic field of the white dwarf in AM Her is, 
however, believed to be of the order of 10° G from optical 


© Macmillan Journals Ltd 1979 


510 
107? i 
o OSO 8 1975 Oct 
OSO 8 1977 Oct 
{proportional counter) 
ea OSO 8 1977 Oct 
(scintillation telescope) 
to, O ARIEL $ 1977 Feb 
+44 n © Balloon 1977 Sept 
T 410°° H H + 
S > 
a t 
wt 
wn 
E + 
g } 
; i.) 
© BE 
a 


107 
i 10 100 1,000 


Photon energy (keV) 


Fig. 1 Measurements of the X-ray spectrum of AM Her. The 

OSO 8 data below | 50 keV come from the GSFC proportional 

counter experiment” , while the data above 50 keV come from the 

present work. The Ariel 5 data is from ref. 4, and the balloon data 

from Staubert et al.”. Upper limits are indicated at the two standard 
deviation level. 


polarisation measurements**, The calculations of Canuto etal." 
indicate that this would not be high enough to affect the X-ray 
photons. Consequently, if a break in the AM Her spectrum is 
subsequently confirmed, then some modified or alternative 
theory is required to explain it. 

Finally, the upper limits obtained above 50 keV by Staubert et 
al.” and the present work make it unlikely that a y-ray tail, such 
as that seen at the 3.2 standard deviation level in the Ariel 5 
data‘, existed on these occasions. In view of the possible spectral 
changes suggested by the results summarised in this work, 
however, the existence of such a feature on other occasions 
cannot be excluded. 

We thank Dr Jean Swank for helpful discussions. The work of 
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Near IR surface brightness 
of southern galactic plane 


NEAR IR surface of the Galaxy has been observed in balloon 
experiments'”°. The stellar distribution in the inner Galaxy thus 
obtained is related to the distributions of H I clouds, CO clouds, 
y rays, OH-IR sources and so on’. These observations were 
restricted to the northern sky, and we have recently attempted to 
use balloon observations from Australia to study the overall 
structure of the Galaxy more completely. We found that (1) 
humps for 2.4-~m surface brightness are asymmetric with 
respect to the galactic centre and attributed to the spiral struc- 
ture; (2) the 2.4-um galactic plane is distorted from the flat plane 
in the regions around the most pronounced humps; (3) IR 
sources are highly concentrated in the plane to compensate 
interstellar absorption; and (4) the central region shows a 
complex structure. 

The instrument we used is similar to that described by Ito et 

al.*. Incident radiation was focused by a 10-cm, F'1.0 silicon lens 
onto 11 PbS detectors, with fields of view of 0.5°, 0.8° and 1.7° at 
2.4 um, and 2.0° at 3.4 um. The whole telescope system was 
cooled by liquid nitrogen to reduce the thermal background 
noise. The optical axis was fixed at an elevation angle of 40° and 
regularly scanned in azimuth through a 60° range centres on the 
galactic plane. 

The payload was launched on 25 April 1978 at the Australian 
Balloon Launching Station, Mildura, Victoria, Australia. The 
instrument functioned satisfactorily during the whole flight, and 
the telescope surveyed the galactic plane between / = 290° and 
20°. During the azimuthal scans we observed several bright stars 
which enabled us to obtain the absolute flux value at 2.4 um 
within + 10%, and to determine the latitude of the telescope 
within +0.2°. The absolute flux value at 3.4 um was obtained 
with lower accuracy. 

The contour map obtained with the 1.7° field of view at 
2.4 um is shown in Fig. 1, in which the contributions of bright 
stars, a-Cen, y-Cru, and e-Mus, are subtracted. The extended 
disk structure with about 5° width and some humps are ob- 
served. In addition, complex features are well resolved in the 
galactic centre region because of a low airglow level attained at a 
high elevation angle. Maps obtained with finer fields of view 
show similar features but a more pronounced structure near the 
galactic centre. This implies that the derived surface brightness 
results from an extended source and is not influenced by nearby 
bright stars; this can be partly confirmed using the data of the 
2.2 wm survey of stars?’ 

Figure 2 shows the longitudinal distribution of the peak 
surface brightness near the galactic equator at 2.4 um observed 
with the 1.7° field of view. The error due to detector noise and a 
variation of the airglow level is as small as 3x 
1071 W cm? pm sr. 

Humps at l= —13°, —22°, —45° were first found in this 
experiment; similar humps at / = 16°, 27°, 47° had been detected 
during previous observations. The hump at / = 27° indicates a 
strong concentration of IR sources in the region at ~5 kpc from 
the galactic centre; molecular clouds, HU regions and other 
young objects are also concentrated in this ‘5 kpc ring”. 
However, our present result indicates that the surface brightness 
is distributed not symmetrically, and suggests the spiral structure 
of the Galaxy. Although the velocity distribution of CO clouds 
does not clearly show the ridge of the spiral structure’’, the 
5-kpc ring may represent part of the bright galactic arm. 

In Fig. 2, G and S indicate the tangential directions to the 
galactic arms modelled from the distribution of large HU 
regions'' and from the density wave theory mainly based on HI 
observations"? respectively. The agreement is not good over the 
entire galactic plane, the discrepancy being larger for the south- 
ern galactic plane. However, a pair of innermost humps at 
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Fig.1 The contour map of 2.4 um surface brightness with 1.7° field of view. The shaded area indicates the field of view used. 


l= 16° and ~13° would indicate the existence of the dispersion 
ring. Observed asymmetry is essentially consistent with the 
ellipticity and the direction of the major axis in the model”. 

Figure 2b shows the relative colour, [m(2.4 um)— 
m(3.4 wm)] at the surface brightness peak plotted against longi- 
tude, with the normalisation to [m(2.4 wm) — m (3.4 pm)]=0 at 
{=0°. A colour difference of ~0.3 mag is found between the 
disk and galactic centre directions; that is, the disk is redder than 
the central region. The colour difference of 0.3 mag corresponds 
to the excess interstellar extinction of Ay ~ 10 mag towards the 
disk direction over the galactic centre direction, consistent with 
the model of the distribution of interstellar dust’. 

The latitude of the peak surface brightness for each scan is 
also plotted in Fig. 2c. Peak surface brightness is situated ~0.5° 
below the galactic equator for 10° < /< 30° and ~0.5° above the 
galactic equator for 335°</< 340°. Note that these displace- 
ments seem to be associated with bright humps at / = 27° and 
~22°. For the northern galactic plane, similar displacements are 
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observed for the 5 kpc ring for CO clouds™, H 11 regions'*, and 
OH-IR sources’’. 

Another interesting feature is the latitude distribution of 
surface brightness. Even for the finest field of view at 2.4 um, we 
do not find the absorbing feature which might be expected from 
a strong concentration of absorbing matter in the plane. This 
implies that the IR sources are also concentrated in the galactic 
plane, supporting the view that they are young objects, probably 
M supergiants. At 3.4 wm the galactic plane is narrower than 
that at 2.4 um. This difference can be explained by weaker 
interstellar extinction at 3.4 pm. 

The galactic centre region reveals several interesting features. 
First, the 2.4 um plot within 4° from the galactic centre is 
asymmetric with respect to the galactic plane, similar to the 
tilted disk modelled from the HI observations’*. Second, two 
features extend in longitude up to / = 7° and —6°. The feature at / 
~ 355° was detected by previous observations** as an extended 
IR source; its counterpart with a similar, though weaker, feature 
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Fig. 2 The longitude distribution of the peak surface brightness at 2.4 um for each scan with 1.7° field of view. @, The present result; O, our 

previous observations 4, where they have not been superseded by the present work. Arrows show the positions of characteristic humps. S and G 

indicate the tangential directions according to different galactic arm models. b, The longitude dependence of relative colour, [m(2.4 wm) — 
| m(3.4 um)], at the peak, normalised at / = 0°. c, The latitude of the peak surface brightness for each scan. 
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Fig. 3 a, The longitude distributions (6=0); b, the latitude 
distributions (/ = 0) of surface brightness at 2.4 wm and 3.4 um on 
the galactic plane with 1.7° and 2° fields of view, respectively. 


is first found at l = +6°. This asymmetrical structure suggests 
that there exists a disk-like component on which the central 
bulge is superimposed, Third, there are two dark lanes intruding 
into the plane from below. The southern one is more 
pronounced and was detected by our previous observation’. 
These dark lanes may be partly explained by the dark clouds 
between the galactic centre and the Sun 0.5° below the b = 0° 
plane”. Finally, Fig. 3 compares the 2.4 and 3.4 um data, and 
they show no appreciable colour variation with longitude, but an 
excess of 2.4 um flux for b <0. 
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Stable ‘pancake’ distributions of low 
energy electrons in the plasma trough 


WAVE-PARTICLE interactions have been recognised as the 
likely key to processes which control the dynamics of the Earth's 
magnetosphere and trigger auroral precipitation’. The GEOS 1 
and GEOS 2 satellites carry wave and particle measuring 
instruments which permit a full exploration of interactions 
occurring in the equatorial magnetosphere out to a distance of 7 
Re (ref. 2). The large variety of plasma wave phenomena has 
been reviewed by Southwood’ and Christiansen ef ai.* have 
reported on emissions observed by GEOS 1. The geostationary 
position was expected to be an oasis of important wave—particle 
phenomena because it is in that region of the magnetosphere 
where cold plasma, originating from the ionosphere, mixes with 
hot plasma-sheet particles’. The large amount of data now 
emanating from GEOS 2 more than meets expectations, a 
number of relatively exotic particle distributions are being 
observed together with clearly associated wave spectra. Here, 
we report on one significant example. 

The UCSD spectrometers aboard the ATS 5 and ATS 6 
satellites yielded a magnificent data set for the particle 
environment at 6.6 Re (ref. 6). This, together with data from 
satellites in highly eccentric orbits (such as OGO 5 and Explorer 
45), has led to an established picture of particle convection, 
substorm injection and subsequent dispersion, excursion of the 
plasmapause boundary and ring current evolution. 

Theories of wave generation depend on the creation of 
instabilities and call for anisotropic particle populations; a dis- 
tribution function f(E) with df/dv, > 0 is particularly sought. 
The inevitable loss cone is an obvious candidate source, it can be 
enlarged by pitch angle diffusion’; also the inward convection 
from the tail generates thermal anisotropy (T, > T;) but the key 
parameter is probably the ratio between the densities of ‘cold’ 
and ‘warm’ plasma components. Sufficient cold electrons are 
required for wave development but too many will damp the 
unstable mode’®. 

The suprathermal plasma analysers (SPAs) on GEOS 2 have 
regularly detected a population of electrons over 50 eV which 
are confined to pitch angles near 90°—-a ‘pancake’ distribution. 
These particles can be observed near the geomagnetic equator 
for several hours a day but the dependence on local time is 
variable, as are the intensity profile and energy spectrum. GEOS 
also gives the first reliable measurements of cold plasma density 
near 6.6 Rg and a preliminary description of these new results is 
presented here. Electrostatic emissions near the half harmonics 
of the electron-cyclotron frequency are commonly observed 
near the geomagnetic equator’, Gough et al.'° present further 
evidence for observed correlations but a firm conclusion on 
cause and effect is not yet clear. 

Figure 1 shows the GEOS spacecraft illustrating the position 
and viewing directions of the SPA sensors which incorporate 
simple hemispherical electrostatic analysers’’. The isolated 
boom mounting of the sensor unit with the utilisation of a bias 
voltage to overcome the satellite floating potential (a few volts 
positive) allows the collection of cold protons, the complex 
sheath structure obviously influences the detected fluxes but 
in-flight calibration is available in the plasma frequency deter- 
mination from the wave experiment*. The conducting surface of 
GEOS seems to eliminate the problem of differential charging 
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Fig. 1 GEOS satellite showing the position of the suprathermal 
plasma analysers. 


seen on ATS” and this is crucial for these very low energy 
measurements. One analyser views parallel to the satellite spin 
axis but this is seldom magnetic field-aligned. In fact the axis of 
GEOS 2 is usually between 10° and 15° (0a) from the field 
direction and consequently the radial analyser, scanning pitch 
angles between (80 — 6g) and (80+ 8p) duringa6s spin period, is 
ideally pointed to detect pancake distributions. Sixty-four 
energy channels (AE/E =0.11), logarithmically spaced, cover 
the full range of 0.5-500 eV but below 20 eV satellite emitted 
photoelectrons mask the ambient fluxes. It takes about 3 min to 
obtain a full coverage of energy (20-500 eV) over the available 
pitch angles. 

Figures 2 and 3 show the energy dependence of the pancake 
distribution by comparing three selected pitch angles (a <90°) 
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Fig. 2 Energy spectra for pitch angles: 90° (@); 69° (A); 12° (x) 
taken from detector viewing parallel to spin axis. 
(2 August 1978 at 5.05 UT; 0.75°N, 8.8° E) 


513 


and three selected energy channels. Count rates have been 
converted to differential energy flux and data from the parallel 
analyser (œ = ĝa = 12°) are included. to allow interpolation to 
small pitch angles. Although the form of the distribution is quite 
variable, these curves are typical; both the peak flux and the 
maximum anisotropy often appear below 500 eV, the aniso- 
tropy tends to vanish at energies less than 100 eV but here the 
photoelectrons become significant. The degree of anisotropy 
can be assessed by fitting a sin”« function; where n takes a value 
of 10-20 at the peak the electrons are confined to pitch angles 
very close to 90°. The analyser acceptance angles (see Fig. 1) do 
produce some instrumental broadening of the feature. The 
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Fig. 3 


phase space density of the 90° electrons does not exhibit a 
positive slope when plotted against energy. 

The pancake population is generally observed by GEOS 2 
during the morning hours. Near local midnight the SPAs detect 
plasma-sheet electrons which are isotropic, the differential 
fluxes increase with energy but the maximum is obviously well 
above our 500 eV limit. Near noon or later, GEOS 2 regularly 
encounters a cold plasma enhancement with density N, of 
50 cm™ or more. It is not always clear whether these are excur- 
sions into the plasmasphere or through detached regions. 
Between the two, in the morningside plasma trough, the a = 90° 
electrons can persist for many hours. To search for possible 
correlation with electrostatic wave emission, a period of 7 days 
in August 1978 has been studied and Fig. 4 summarises the 
results. The geomagnetic planetary index K, reached 5 on 12 
August but the other days were fairly quiet. The magnetic field 
briefly departed from a dipolar configuration on only three 
occasions; V, D, H components supplied by Mariani have been - 
used to compute A =tan™’ [—V/2H] as an estimate of an 
effective magnetic latitude; this suggests that GEOS 2 was 
within 3° of the equator for most of the period. The cold plasma 
density was determined by using a sensor bias of —28 V and 
calibrating maximum count rates with reference to appropriate 
plasma frequency measurements; no attempt has yet been made 
to analyse the spectra but it is clear that the temperature cannot 
be significantly greater than 1 eV. The plasmaspheric passages 
tend to be earlier than would be consistent with an evenin g bulge 


514 


Nature Vol. 279 7 June 1979 


Local time (h) 


0 12 0 12 0 12 Q 


Magnetic latitude 





‘tee 


SS N 







9B 


% fe Waves 











G Cold plasma , y 50 
= DO 

EESE by 8) 
J 2 
= 90° Energy flux ERTS 
; | 50-500 eV | " 





August 1978 


Fig. 4 One week’s data from GEOS 2 showing the appearance of pancake electron distributions in relation to cold plasma enhancements and 
‘3/2 fse emissions. 


and N; can be ~2 cm or more all around the orbit when K, 
remains small. At such times the total energy flux for electrons 
between 50 and 500 eV shows that plasma-sheet interceptions 
can be very short or even non-existent. The flux for a =90° 
divided by that for a = 70° provides an anisotropy index which 
shows the presence of the pancake distribution. The latter 
normally builds up during the morning hours and disappears at a 
plasmapause entry, there can be a sharp cut off as on 17 August 
but on the quiet days the pancakes persisted as N; did not exceed 
10 cm”. The growth of the anisotropic distributions is usually 
from 500 eV downwards in energy and it will be interesting to 
examine other GEOS data ($310) to find the high energy limit. 

Detection of strong electron cyclotron harmonic emissions 
(‘3/2 fee ) is indicated on Fig. 4 by the identification of times for 
which the integrated spectral density between foe and 2f., 
exceeds 10°° (V’ m™’), A high anisotropy index (>3) when 
combined with an absence of dense cold plasma (<10cm™~*) 
generally corresponds with strong wave generation. This strik- 
ing coincidence of the pancakes and the ECH waves is a feature 
of all GEOS 1 and GEOS 2 data although there are a few 
obvious exceptions which need explanation. Gough et al.'° 
describe the complexity of the wave spectra and introduce a 
classification as a starting point in ordering the data; evidence of 
interaction is clearly identified. 

We have given an early announcement of a magnetospheric 
particle population which must be an important quiet-time 
feature of the equatorial plasma trough. It has not been reported 
previously; GEOS 2 is the first high altitude satellite, with 
suitable low energy particle detectors, stationed close to the 
geomagnetic equator. The pancake distributions almost 
certainly result from wave interaction; the observed electro- 


static waves seem to be responsible but the interaction is not 
‘local’ in that the drift path of the electrons is not along the 
satellite orbit. The stability of the consequent distribution and 
the inherent equatorial confinement could then determine the 
morphology of the class III waves’®. A detailed study is under 
way and we will be disappointed if this is not matched by 
renewed activity on the part of theoreticians. 
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Interaction of electrostatic 
waves with warm electrons 
at the geomagnetic equator 


WE present here observations of electron-cyclotron harmonic 
(ECH) waves occurring in the vicinity of the geomagnetic equa- 
tor at 6.6 Earth’s radii, and discuss their relevance to the 
morphology of electron distributions (with energies below 
500 eV) observed simultaneously’. 

The observations were carried out during the slow crossing of 
the geomagnetic equator (4-13 August 1978) by the GEOS 2 
satellite, launched into a geostationary orbit on 28 July 1978. 
The earlier GEOS 1 satellite, which covered a wider latitude 
range in a non- -geostationary orbit, showed that a particular class 
of dayside ECH wave emissions are confined within a couple of 
degrees about the geomagnetic equator’. 

The ECH instability, characterised by emission in frequency 
bands between the harmonics of the electron gyrofrequency fee, 
has been observed in a variety of spectral forms by a number of 
magnetospheric satellites’. However, because the GEOS 
series combines unique active plasma diagnostic techniques” * 
with natural wave detection” the observed natural emissions can 
be much more readily related to local plasma parameters than 
can results from earlier spacecraft. 

It has been shown theoretically that the ECH instability can 
be explained in terms of a ‘basic’ two-component plasma 
mode]'°''*: the free energy for wave amplification is provided by 
a hot loss-cone component (T, ~~ 100 eV) while a second cool 
component (7.~ 1 eV) presumably of ionospheric origin, aids 
destabilisation. For a wide range of values of the ratio of the cool 
to the hot electron density, N./N,, the dominant instability 
frequency occurs close to the cool plasma upper hybrid 
frequency fune = (fae +f) 7, where fpe is the cool plasma 
frequency. Other spectral features can occupy gyroharmonic 
bands below and above func- 

Because the value of the cold plasma density strongly 
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influences the observed spectral characteristics of the ECH 
waves, it has been used as a guideline for classification schemes“ 
including the one given below. 

Note that at the geostationary orbit fe lies typically between 2 
and 3 kHz, while f,. spans a wide range from below f.e up to 
above the maximum observable frequency of 77 kHz. 

A spectrogram of wave data from GEOS 2 for the period 
covering the last hours of the 6 August and the full orbit for the 7 
August 1978 (Fig. 1) shows the four main classes of ECH 
emissions detected. 

Class I emissions, characterised by a single frequency band 
just above fse (typically 1.2 fse), occur around local midnight 
where the spacecraft encounters the plasma sheet, dominated by 
hot plasma convected in from the geomagnetic tail ( fpe < fce) and 
can be seen about 00.00 UT and 22.00-24.00 UT on the 7 
August. 

Class I] emissions are briefly seen as the satellite moves into 
the morning sector, and the cold plasma density increases. Here 
the dominant intensity of the emission still occupies the lowest 
gyroharmonic band (fpe~ fse) but is accompanied by weaker, 
higher harmonic structures.. 

Class III emissions, can be seen for a long period after 
01.00 UT, when the cold plasma density rises (/,.>2/..). The 
dominant frequency is sometimes banded in a complex fashion, 
and increases to ~25 kHz around 19.00 UT, with accompanying 
(n+4)fce emissions between low gyroharmonics. On board 
plasma diagnostics show that during this period fune is within 
1 kHz of the dominant emission band. 

Class IV emission’, is a weak emission in the vicinity of the 
fane Which is observed after 19.00 UT, when the low harmonic 
signals at ~3/2, 5/2 f,. disappear. 

This particular orbit does not show the usual encounter with 
the denser evening bulge, but the typical class IV and class III 
emissions associated with it can just be seen during the last hours 
of the 6 August (extreme left of Fig. 1). 

Some feeling for relative emission intensities can be gained 
from the plot at the bottom of Fig. 1. The upper trace is the 
integrated spectral density for frequencies above fe, and the 
lower trace is the spectral density integrated over the range from 


Fig. 1 Grey-scaled GEOS 
2 electric field data for 7 
August 1978 plotted with 
frequency against Uni- 
versal time. The lower 
trace shows the integrated 
spectral densities for all 
electrostatic waves above 
the gyrofrequency. The 
lowest line is that from fse 
to 2f.. only. Geomagnetic 
LTis UT+1h. 
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Fig. 2 All GEOS 1 obser- 
vations (excluding storm 
periods) of type III elec- 
‘ trostatic emissions plotted 
' as a ‘function of geo- 
magnetic latitude and 
- geomagnetic local time. 
Closed line is limit of 
observations. MclIlwain L 
value and day number at 
which the satellite crossed 
geomagnetic equator are 
indicated below. 


Geomagnetic latitude (°) 





fee to 2 fo only. Note that the spectral density peaks twice per’ 


orbit, once around midnight for class I (E ~ 1.mV m`?) and once 
in the morning—midday region for class III, when the signals are 
so strong (E >3 mV m’’) that the wave detector saturates arid 
harmonic generation can be observed. 

The distribution of class III events: (enhanced upper hybrid 
with 3 /2 fee features) reported recently foi: dayside emissions’ is 
shown in Figs 2 and 3, using data from GEOS 1 (perigee 
2,000 km, apogee 42, 000 km, —10°<A,,< 30°, taking in excess 
of a year to survey all local times). This analysis covers 14 
months of satellite operation, and class JII events were recorded 
during the vast ma jority of equator crossings (Fig. 2) in which the 
wave analysers were in the appropriate observing modes. ‘Those 
emissions which occurred far from the: model field equator were 
accompanied by the largest differerices between the field ob- 
served at the spacecraft and the modelled geomagnetic field, 
suggesting that in these cases the field lines were distorted. 

Figure 3 further describes the equatorial confinement of the 
class IJI emissions, by showing the distribution of emission 
widths (Fig. 3a) and the location of the emission centres, both 
plotted as a function of geomagnetic latitude. Approximately 
75% of the emissions were <4° in latitudinal extent, and 75% 
were centred between —2°< Ax <+3°, 

In August 1978 GEOS 2 drifted slowly through the geome: 
netic equator towards its present position of A,,=-—3°, and 


during this period Wrenn, Johnson and Sojka’ report frequent l 
observations of remarkable electron distribution features, which - 


show electrons in the hundreds of eV range to be confined to 
pitch angles within a few degrees of 90° (‘pancake’ dis- 
tributions). Figure 4 summarises 10 d of GEOS 2 observations 
around the geomagnetic equator, and compares plots of hourly 
means of the spectral density of ECH waves, versus hourly 
means of the anisotropy.index’ for warm electrons with energies 
<500 eV. These. points incorporate all data received when the 
two experiments (wave and particle detectors) were in the 
appropriate operating modes. A striking feature of Fig. 4 is that 
as the ECH spectral density increases there is:a well defined 
maximum of observable anisotropy index. In particular this 
behaviour is strongly related to that of class III emissions (black 


dots) which, as pointed out above, occur mainly between 04.00 -. 
and 13.00.UT. The: narrow pitch angle distributions therefore ` 


tend not to occur in the midnight sector where class I and II 
emissions predominate. Furthermore, from a survey of GEOS 1 
data they show the same sort of equatorial confinément a as class 
III emissions’. | 

In seeking an explanation for these observations it is 
-important to note that the combination of nightside convection 
of plasma sheet electrons with collisional diffusion during 
subsequent convection through the dayside, cannot produce 
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such highly pitch-angle peaked distributions. Inward convection 
can produce a loss-cone distribution, and therefore a source of 
free energy for ECH wave amplification’® 

_ In the amplification process, resonant electrons, which satisfy 
the condition w — kvi = nwe. are scattered in velocity space, 
the important exceptions being those with small v, (that is large 
pitch angles), which are relatively unaffected. Quasilinear 
theories show this clearly?” and predict among other things, that 
for wave fields of ~imVm™ hot electrons can be rapidly 
scattered into the loss cone’’. 

We suggest that the ‘pancake’ distributions observed in con- 
junction with strong ECH wave activity are a remnant feature of 
the electron distribution, resulting from this interaction. Their 
evolution can be pictured as beginning with the class I emissions 
which are amplified by electrons freshly convected into the 
nightside magnetosphere, and progressing through further 
wave-particle interactions during the subsequent convection of 
the electrons around into the dayside magnetosphere. Since the 
pancake distributions can contribute to further destabilisation of 
the waves’®, their presence may also be a significant factor in the 
equatorial confinement of class III emissions. ' 





0 1 2 3 4 5 6 6 
Width (deg. geomagnetic lat) 





Centre position (deg. geomagnetic lat) 


Fig. 3 a, Distribution of widths of GEOS 1 observed type IU 

emission in degrees geomagnetic latitude. Also indicated is the 

equivalent equatorial pitch angle range assuming the centre of the 

emission is at the minimum B equator. b, Distribution of centres of 

type III emissions in degrees geomagnetic latitudes from field - 
model equator?°, 
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Fig. 4 GEOS 2 Hourly means of the integrated spectral density 

above the gyrofrequency plotted against the mean anisotropy of 

electrons below 500 eV between 14.44 UT on 4 August and 21.27 

on 13 August. Class of emission: ©, class I and Il; @, class HI; A, 
class TV; W, class IV plasmasphere. 


The role of ECH wave—particle interactions in providing the 
electron component of diffuse auroral precipitation has been 
much discussed in recent years’''’’’. We hope to extend our 
studies into this area shortly. 

This research has been performed as part of the GEOS S-300 
wave experiment collaboration. We thank R. Gendrin and K. 
Ronnmark for helpful comments, and the staff at CNES, Tou- 
louse, for data tapes. Our work is supported by the SRC. 
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Contribution of volatile petroleum 
hydrocarbons to the 
organic carbon budget of an estuary 


STUDIES on oil pollution of the marine environment have 
received considerable attention’, especially work involving the 
effects of oil spills resulting from tanker accidents such as the 
Amaco Cadiz’. Very little attention, however, has been devoted 
to assessing the importance of low level, continuous, inputs of 
petroleum hydrocarbons to productive estuarine environments. 
Investigations of hydrocarbon contamination of estuaries and 
rivers have concentrated mainly on the impact of non-volatile 
hydrocarbons’ (that is, those hydrocarbons having more than 15 
carbon atoms) rather than the volatile hydrocarbons emanating 
from sewage discharges and industrial effluents such as 
petroleum refineries. We discuss here the occurrence and 
possible fate of these volatile hydrocarbons in estuarine systems. 

During research in determining an organic carbon budget for 
Southampton Water estuary, the seasonal fluctuations in plank- 
tonic respiration and photosynthesis were studied. Charac- 
teristically, we observed a pronounced seasonal cycle in plank- 
tonic photosynthesis with intense activity in the mid-summer 
months and little in the winter. In contrast, planktonic respira- 
tion showed a less pronounced seasonal change, respiration 
being sustained through the winter months (Fig. 1). It has been 
argued that the winter respiration is supported by the external 
inputs (sewage, rivers and industrial effluents)* and this would 
require a daily input with a biological oxygen demand (BOD) 
equivalent to 30-40 tonnes of O, per day. It may be seen that 
cumulative 5d BOD at 15°C is of this order (Table 1). The 
largest single industrial input to the estuary is the oil effluent 
from the Esso refinery at Fawley (the largest refinery in the UK 
with a refining capacity of 20 Mtonne yr™'). The refinery 
effluent accounts for 75% of the total industrially derived 
carbon discharged to the estuary yearly’. 

A detailed study has been made of the non-volatile fraction of 
the refinery effluent and the role and fate of these compounds in 
the estuarine environment*. These studies showed that the 
non-volatile fraction, the most commonly studied part of oil, 
could not account for the observed respiration rates. This led us 
to hypothesise that the volatile hydrocarbon fraction, which 
usually receives little attention, may play an important role in, at 
least, this estuarine ecosystem. 

Previous work on the biodegradation of petroleum hydro- 
carbons has been carried out using standard microbiological 
techniques® and it is widely accepted that marine microbial 
organisms can degrade oil’. The quantity and diversity of oil 
degraders present in marine systems are more likely to be higher 
for areas with continuous hydrocarbon discharges than pristine 
environments’. The likelihood of high numbers of petroleum 
utilising bacteria would be even greater for estuaries which 
contain high concentrations of other heterotrophs’. One would 
therefore expect that with such a large continuous input of 
petroleum hydrocarbons from the Fawley refinery over the past 
25 yr, there would be a very significant resident population of 
specialised oil degraders at the refinery outfall area as well as in 
the estuary itself. 

To investigate the degradation of the non-volatile fraction of 
the refinery effluent, we used large glass containers and moni- 
tored hydrocarbon concentrations using gas, solid-liquid’’ and 
thin layer’' chromatography. Quantification of compounds that 
were separated into broad categories of compound type was 
accomplished by combustion in a total carbon analyser’. 

The average total non-volatile hydrocarbon content of the 
refinery effluent determined by the above method was 3 mgC 
per l, giving a daily input of hydrocarbons of about 1 tonne C 
per day. The results of our biodegradation experiments 
indicated that only 34% of the non-volatile hydrocarbon frac- 
tion was degraded at 15 °C over the § d BOD period with more 
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Fig. 1 Oxygen flux due to respiration and photosynthesis for 
Southampton Water estuary. O, Gross photosynthesis; W, respira- 
tion 1974-75. 


than half the loss from the experimental containers attributable 
to evaporation processes. Assuming a respiratory quotient of 
0.66 for the respiration of hydrocarbons, one may estimate the 
BOD stemming from the oxidation of the non-volatile fraction 
to be in the vicinity of 1 tonne O, per day. Thus it seems that the 
degradation of the non-volatile fraction of the refinery effluent 
could not account for the high BOD of 40-100 mg O, per | of 
refinery effluent nor could it account for the high BOD in the 
estuary during the winter months. Due to the possible 
importance of this volatile fraction, we attempted to obtain 
more information on the compounds in this fraction of the 
refinery effluent. 

We analysed the refinery effluent by the standard API method 
733-758 for refinery waste water used by the refinery for its 
monitoring programme. This involved quantification of a carbon 
tetrachloride extract by IR spectrophotometry at 2,930 cm™’ 
against a standard slop oil collected from the API gravity 
separators within the refinery complex. The results of these 
analyses indicated that the estuary received an average loading 
of 8-10 tonne of material per day as determined by this method. 
When the carbon tetrachloride extracts were evaporated at 
40°C under vacuum and then redissolved in carbon tetra- 
chloride and measured as before, the levels returned to 1-2 
tonne per day. This was consistent with the results determined 
by the TLC/combustion method described previously. Gas 
chromatograms of the pre-evaporated and evaporated fraction 
are given (Fig. 2). Much of the extremely volatile material 
(hydrocarbons having 5 or less carbon atoms) is masked by the 
large solvent front at the start of the temperature programme. 
Ultraviolet (UV) analysis at 254 nm against the same standard 





Table 1 Sources of organic material i in Southampton Water estimated 





for 1974!" 
Percentage of 

Annual input totalannual Daily winter 

(tonne C yr`') organic input BOD 
Phytoplankton 3,000 23% <5.0 
Rivers 1,400 11% 4.2 
Sewage 1,580 12% 3.2 
Industry 6,800 53% 37.0 
(Petroleum 75%) (Petroleum 40%) 





River input sampled upstream of major sewage and industrial outfalls. 
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indicated that the removal of UV absorbing material (mainly 
aromatics and olefins) was similar in magnitude to those 
compounds absorbing at the 2,930 cm™' region of the IR. This 
tentatively indicated that the refinery effluent contained both 
aliphatic and aromatic compounds in the volatile fraction. 

In an attempt to characterise the volatile fraction in more 
detail we used a cryogenic trapping system’*. Volatile 
compounds were trapped in loops cooled by solid CO, and 
analysed by gas chromatography (GC) and gas chromato- 
graphy—mass spectrometry (GC-MS). This yielded a wide range 
of volatile n-alkane and aromatic hydrocarbons. Aromatics 


om Such. as, benzene, toluene and xylene were present in concen- 


trations of 120, 211 and 562 wg!’ respectively, indicating the 
importance of these compounds to the whole refinery input. 


arcane 
de 
— 
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Fig.2 Gas chromatograms of a, the total (volatile + non-volatile) 
Compala with b, the non-volatile hydrocarbon composition of 
refinery effluent. 


One would expect the residence time of these compounds in 
the estuarine environment to be similar to that of oceanic 
environments, aside from the obvious possibility of rapid 
biodegradation due to increased microbiological activity. For 
example, orders of magnitude changes in water concentrations 
of ethane, propane, butane and pentane were found over base- 
line in the proximity of an oil slick'*. Sackett and Brooks also 
report volatile hydrocarbons present 8 km from an underwater 
drilling rig; concentrations of ethane alone were as high as 
0.3 mg I. 

The solution mechanism of these volatile hydrocarbons is 
dependent on the solubilities of the compounds in water relative 
to their vapour pressures. Also, as molecular weights i increase 
more material is partitioned into the gas phase’*. With 
petroleum hydrocarbons, partitioning into the gas phase 
decreases in the order of n-alkanes, olefins, cyclo-alkanes and 
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aromatics'°. McAuliffe’* states that these volatile hydrocarbons 
remaining in the water column are eventually removed through 
biodegradation; we feel that this is also the fate of volatile 
hydrocarbons in Southampton Water. 

In conclusion, the data that we have accumulated during 3 
years on Southampton Water estuary suggest that the volatile 
compounds found in industrial effluents play a significant part in 
the whole carbon balance of the estuarine ecosystem. The 
importance of volatile fractions of petroleum hydrocarbons with 
regard to industrial discharges to estuaries has, to some extent, 
been overlooked in the past. There is evidence that these 
hydrocarbons, especially the aromatic component, are toxic to 
marine life’®. These considerations indicate the need for more 
work in valuable estuarine areas to understand the occurrence, 
fate and impact of these volatile compounds. 

We thank Esso Petroleum, UK, for financial support. 
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Transformation of 
goethite to maghaemite in CsI disks 


THE formation and stability of y-Fe,O,; (maghaemite) is still a 
puzzle, as this oxide is metastable with respect to its isomorphic 
form a-Fe-O, (haematite). However, there are increasing 
reports about its natural occurrence in certain soils and sedi- 
ments (see ref. 1 and refs therein). Maghaemite, like magnetite, 
Fe,O,, is ferrimagnetic and its artificial occurrence may there- 
fore be important in carrying out magnetic concentrations in 
various processes of iron ores industry’; as well as finding 
widespread application in the electronic industry’. The artificial 
preparation of maghaemite is usually carried out by low 
temperature dehydration of lepidocrocite*, y-FeOQQOH, or care- 
ful oxidation of powdered magnetite””. 

Goethite, a-FeQOH, heated in the presence of organic 
matter to 300°C, may also be transformed into maghaemite’™. 
The optimal conditions for obtaining maghaemite in soils is by 
heating them in nitrogen, then in air at about 550 °C, which is the 
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Table 1 Widths at half heights (in 20 units) of characteristic X-ray 
diffraction peaks of a-Fe.O,; 





Haematite Protohaematite Protohaematite 
(a)* (b)t 
hkl = d (A) NT PT ET 
012 3.688 0.24 0.47 0.63 
104 2.703 0.24 0.47 0.71 
110 2.518 0.27 0.31 0.39 
113 2.209 0.27 0.39 0.47 





NT, not transformed to maghaemite; PT, partly transformed to 
maghaemite; ET, easily transformed to maghaemite. 

* Protohaematite (a) is obtained by heating goethite powder to 
450°C. 

+ Protohaematite (b) is obtained by heating goethite in CsI disk to 
450°C. 


temperature at which the organic matter most readily produces a 
reducing environment’. When heating the soils in air the forma- 
tion of maghaemite is negligible. The mechanism suggested for 
the last reactions in soik, is as follows': gases such as carbon 
monoxide, produced by the combustion of soil organic matter, 
reduces finely divided iron oxides and hydroxides to magnetite 
and on cooling the latter may be subsequently oxidised to 
maghaemite when air enters the matrix. Normally, thermal 
treatment of goethite at temperatures 200-600°C in the 
absence of organic matter results in a poorly crystalline form of 
a~Fe,O, which is defined here as protohaematite and which at 
higher temperatures is converted into the well ordered crystal- 
line variety of a-Fe,O;, known as haematite. We show here that 
maghaemite can be obtained by heating goethite or proto- 
haematite in CsI disks in the absence of organic matter. IR 
spectroscopy has been previously used successfully to differen- 
tiate unambiguously between magnetite, maghaemite and 
haematite’, as well as between protohaematite and haematite’. 

In the present study the transformation of synthetic goethite 
to maghaemite in CsI disks was followed by IR absorption 
spectroscopy and supported by magnetic evidence. Disks of 
13mm diameter were prepared by hand grinding 0.5-1.5 mg 
synthetic goethite in 400 mg CsI and pressing at 30 ton for 30s. 
For the reaction to occur, every disk must be reground and 
re-pressed at least three times. The optimal conditions were: 
heating the disks to 250°C for one night and then at 500°C 
during several nights. Alternatively, the disks were directly 
heated to 500°C, but in the latter case the results were less 
satisfactory, Each day the disks were re-pressed and IR spectra 
were recorded at ambient temperature using a Perkin-Elmer 
283 IR spectrophotometer. Some representative IR spectra are 
shown in Fig. 1. 

The spectrum obtained after heating the goethite disk for one 
night at 250°C is characteristic of protohaematite (Fig. 1a). This 
indicates that at the initial stage, goethite is transformed to 
protohaematite at this temperature. When the same disk is then 
heated at 500°C during one day (24h), a different spectrum 
results, presumably corresponding to a transitional oxide (Fig. 
1b). This spectrum does not resemble a spectrum of magnetite’ 
nor that of wustite'’. On further heating of the disk at 500 °C this 
transitional oxide is transformed to maghaemite, as inferred 
from the corresponding IR spectrum (Fig. 1c). Additional evi- 
dence for this transformation is that the disk is attracted by a 
magnet, whereas disks of goethite in CsI or of pure CsI do not 
show magnetic activity in the presence of the same magnet. 

Unsuccessful attempts were made to obtain maghaemite: (1) 
from more concentrated CsI disks of goethite; (2) from disks 
which were not reground and repressed for several times even 
after long grinding periods (up to 30 min); (3) from powders 
resulting after the third repressing and fourth regrinding of the 
disks, when the powders were consecutively heated to 250 and 
500°C; (4) if the temperature of the second stage heating was 
below 500°C. In (1), (2) and (3) protohaematite was the main 
product of the thermal treatment; in (4) the transitional oxide 
was the main product at >400 °C. 
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Fig. 1 IR spectra of iron oxides in CsI disks: a, protohaematite 
obtained by heating goethite disk one day at 250°C; b, transition 
iron oxide obtained by heating disk a 1 d at 500 °C; c, maghaemite 
obtained by heating disk a 4d at 500°C; d, protohaematite 
obtained by heating goethite powder 5d at 450°C; e, transition 
iron oxide obtained by heating disk d 1 d at 500°C; f maghaemite 
obtained by heating disk d 14 d at 500°C. (f also contains some 
of the transition iron oxide; e and f contain small amounts of 
protohaematite), 


The transformation of protohaematite (obtained by heating 
goethite powder at 450 °C for 5 days) to maghaemite in CsI disks 
was also followed by IR spectroscopy (Fig. 1d, e, f). Here again, 
the optimal conditions for obtaining maghaemite are a small 
oxide concentration, regrinding and re-pressing the disk for at 
least three times and heating the disk to 500 °C as a whole and 
not as powder. 

As with goethite the transformations of protohaematite into 
maghaemite in CsI disk also occurs through a transitional oxide. 
However, bigger amounts of protohaematite remain untrans- 
formed after one day heating at 500°C, compared with the 
amounts of protohaematite which are found in the goethite disk 
heated in the same conditions. Moreover, when protohaematite 
is the starting material the reaction rates are slower. The reac- 
tion was completed after less than four days when starting with 
goethite, but was far from completion even after 14 days when 
starting with protohaematite (compare Fig. 1c and f). 

The thermal transformations of haematite (obtained by heat- 
ing goethite powder at 1,000°C) and of natural Al-bearing 
goethite (from Venezuelan laterites'*) to maghaemite in CsI 
disks were unsuccessful in the present experimental conditions. 

The protohaematite > maghaemite transformation is an epi- 
taxial process in which accord between the initial and resultant 
lattices occurs in two dimensions. Protohaematite has a 
hexagonal close-packed oxygen sublattice whereas maghaemite 
has a cubic one. The ordering of layers shifts from ababab in 
protohaematite to abcabc in maghaemite. One would expect 
that such a shift might occur when the ababab association is 
highly defective and/or the crystal particles are very small, as in 
the case of protohaematite but not of haematite. 

The crystal defects, the degree of crystallinity and the small 
size of the protohaematite particles cause the X-ray diffraction 
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peaks to broaden. Protohaematite was prepared by heating 
gradually to 450°C a disk composed of 150 mg synthetic 
goethite and 300 mg CsI (the mixture being ground for 30 min 
before pressing). Table 1 summarises widths of half heights of 
the characteristic diffraction peaks showing that there is an 
inverse correlation between the widths of X-ray diffraction 
peaks of a-Fe,O, and the ease of forming maghaemite. As may 
be expected from thermodynamic considerations haematite 
with the highest degree of crystallinity fails to transform into 
maghaemite, whereas protohaematite formed in a CsI disk and 
which has the lowest degree of crystallinity, is most easily 
transformed into maghaemite. 

The present study does not enable us to draw a firm conclusion 
on the stage at which the crystal nuclei of maghaemite are 
obtained. However, we can suggest that the nucleation of 
maghaemite occurs in the CsI/Fe,QO, interface because: small 
particle-size is not sufficient for the reaction to occur; the 
importance of regrinding and re-pressing; the reaction does not 
take place in a powdered medium; and other alkali halides 
(including KI) fail to cause maghaemite to form from goethite or 
from protohaematite with the same treatments. 

This work was supported by grant No. 52-23-30 from 
CONICIT (Consejo Nacional de Investigaciones Cientificas y 
Technoldgicas). S.Y. thanks CONICIT for supporting his stay in 
Venezuela. 
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Sequencing of the 3’-terminal 
region of a 16S rRNA gene 

from Zea mays 

chloroplast reveals 

homology with E. coli 16S rRNA 


CHLOROPLASTS are semi-autonomous organelles which 
possess their own DNA coding for organelle-specific RNAs and 
proteins. The translation process within a chloroplast is medi- 
ated by its own ribosomes of the 70S type, which are different 
from the 80S ribosomes of the cytoplasm. In view of this key 
function of 70S ribosomes for the organelle-specific protein 
synthesis we have undertaken to analyse rDNA from Zea mays 
chloroplasts at the nucleotide level, as we considered that this 
should allow a deduction of rRNA primary structures, and 
analysis of their mode of function and evolutionary relationship. 
DNA from Zea mays chloroplasts is a circular molecule of about 
135 kilobase pairs, on which two rRNA coding regions are 
positioned in opposite orientation within two 22-kilobase pair 
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Fig.1 Position of rRNA genes and of fragment BamHI:C/ Hpall E345 (~) on the physical map of plasmid pZmc134. Subscript numbers of the 


fragments refer to their appro 


inverted repeats’. Each region includes one copy of a 16S 
rRNA, a 23S rRNA and a 5S rRNA gene and a spacer between 
the 16S and 23S rRNA genes. One such rDNA region has been 
linked to the plasmid vector pMB9 within the Escherichia coli 
clone pZmc134 (ref. 1), and this clone was therefore used for 
isolation, mapping and sequencing of the respective DNA 
fragments (Fig. 1)”. We present here the sequence coding for the 
3’-terminal part of chloroplast 168 rRNA and for the adjacent 
part of the spacer region, and report that there is extensive 
homology between this region of 16S rRNA and the 168 rRNA 
gene from E. coll. 


lea mays Hpal{ Haell| Ha 


ximate size in base pairs. 


Hybridisation’? and fine mapping’? data indicated that the 
region coding for the 3’ terminus of plastid 16S rRNA is likely to 
be positioned at one end of fragment BamI-C, which, after 
further cleavage with the restriction enzyme Hpall, produces 
the subfragment Bam1-C/Hpall-Ess (Fig. 1) This fragment, 
characterised by a Baml site at one end and a Hpall site at the 
other end (Fig. 2), was isolated and used for sequence analysis 
according to the dimethylsulphate/hydrazine procedure’ with 
minor modifications as described*. After terminal labelling of 
this fragment the two labelled ends were separated by cleavage 
with Haelll or Mboll (for position of cleavage sites see Figs 1, 
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Fig Z 3'-terminal portions of 168 rRNA genes from Zea mays chlorop 
fragment BamI-C/ Hpall-E3,45) and from E. colf >U (bottom row in each 
non-coding, RNA-like strand. It should be noted that the sequence of the m 


that in Fig. 1. Numbering refers to E. coli16SrDNA*”. The E. coli spacer part containing the tRNA ?'® gene is deduced from the tRNA 
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2). Sequencing of the larger fragments obtained from these 
secondary cleavages then allowed the necessary overlap of 
complementary sequences within the middle region of the 
fragment. 

Figure 2 shows the nucleotide sequence of the entire fragment 
(upper row of each line). We believe this to represent the first 
sequence analysis of DNA originating from a higher plant. 
When this sequence is compared with the 3’-terminal part of the 
16S rRNA gene from E. coli*®, extensive homology is observed 
between the structural parts of both. (Extensive homology 
consisting of up to 53 consecutive base pairs between the two 
structural regions is also observed within the remaining portion 
towards the 5’ end (Z.S. and H.K., in preparation).) 

We conclude that the structural part of the gene coding for 
chloroplast 16S rRNA includes at least the ultimate position, 
where homology with the E. coli sequence is preserved (position 
1,540). Whether the non-homologous position 1,541 in accor- 
dance with the length of E. coli 16S rRNA sequence has to be 
included in the structural part remains to be shown by RNA 
sequencing. The regions in which homology is observed include 
a colicin E3 cleavage site’ between positions 1,493 and 1,494 
(Fig. 3) and three sites for base methylation’ at positions 1,497, 
1,517 and 1,518. This raises the possibility that maize chloro- 
plast 16S rRNA might be susceptible to both the corresponding 
reactions. 

Comparison of the two structural regions also shows non- 
homologous positions which are due to base exchanges as well as 
to deletions and insertions of single base pairs (deletions at 
positions 1,430 and 1,462, insertions between positions 
1,418/1,419, 1,441/1,442, 1,473/1,474). Virtually no 
homology (except for very short stretches) can be detected 
between the two spacer regions flanking the 3’ termini of the 
structural parts. In contrast to the E. coli spacer”, which carries a 
gene coding for tRNA}, no tRNA coding sequences can be 
identified in the corresponding region of chloroplast DNA. It 
remains to be seen whether this region shows complementarity 
with a region adjacent to the 5’ end of the structural part, which 
would allow the formation of a processing site, as in the E. coli 
16S rRNA precursor’. 

The 3’-terminal region of prokaryotic 16S rRNA has been 
postulated to interact with initiator sequences of prokaryotic 
mRNAs by means of base pairing’’*"’, and this interaction 
(among others'') has been demonstrated to function as a 
determinant in the selection of mRNA initiator regions’’. It was 
also postulated’ that a loop structure (Fig. 3) characteristic of the 
3' terminus of 16S rRNA? would have to be opened to allow 
base pairing with sequences preceding AUG start codons of 
prokaryotic mRNAs. It is interesting that the sequence of the 
corresponding region in the 16S rRNA gene of maize chloro- 
plasts has been largely preserved and that therefore an almost 
identical loop structure can be formed in spite of base exchanges 
at six positions (Fig. 3). Although the unpaired regions of the 
postulated loop structure are completely unaltered, the obser- 
ved base exchanges exactly match each other within the stem 
region. This allows an identical shape and a very similar stability 
of the loop structure to those of the E. coli 168 rRNA loop. This 
observation lends strong support to the postulated functional 
role of the loop structure. Furthermore, the preservation of 
sequences extending to the second to last nucleotide of the 3’ 
end of E. coli 16S rRNA suggests that initiator regions of 
chloroplast mRNAs will show typical prokaryotic sequences 
such as GGAGGA'" and its variants. It also suggests that the 
interaction between initiator regions of prokaryotic mRNA and 
the 3’-terminal region of 16S rRNA has been functionally 
important for initiation site selection over a very long evolu- 
tionary period. In contrast to this, the 3’ terminus of 16S rRNA 
from chloroplasts of the green alga Euglena gracilis does not 
seem to be complementary to initiator sequences of prokaryotic 
mRNA". It is therefore not surprising that an in vitro system 
from E. coli can be used for efficient translation of higher plant 
chloroplast mRNAs‘*'*, but not for specific translation of 
mRNAs isolated from Euglena chloroplasts’®. 
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Fig.3 Predicted loop structure near the 3’ end of 165 rRNA from 

Zea mays chloroplasts. The depicted sequence corresponds to 

positions 1,488-1,541 of Fig. 2. Divergent positions within the 

homologous loop of E. coli 16$ rRNA’® are indicated within 

boxes (compare also Fig. 2). The hypothetical site for colicin E3 
cleavage’ is marked. 


Partial homology between the 3’ terminus of ribosomal 16S 
rRNA from E. coli and 18S rRNA from eukaryotic organisms 
has previously been reported’*'’, and the number of divergent 
or deleted positions has been proposed as a measure of evolu- 
tionary distance between these organisms. A comparison of the 
3'-terminal portion of maize chloroplast 168 rRNA (that is, 
positions 1,519-1,541 of Fig. 2) with sequences shown in Table 
1 of ref. 19 reveals four additional base changes. These changes, 
as outlined above, leave the prokaryotic characteristics of the 
maize chloroplast 16S rRNA 7 terminus intact but increase its 
difference from eukaryotic sequences. This apparently greater 
evolutionary distance between chloroplast 16S rRNA and 
eukaryotic 18S rRNA (compared with the distance between E. 
coli 16S rRNA and eukaryotic 18S rRNA) agrees with the 
observed order of chain lengths, in which EF. coli 16S rRNA 
(1,541 nucleotides’) is positioned between maize chloroplast 
16S rRNA (1,490 nucleotides (Z.S. and H.K., unpublished)) 
and the much longer 18S rRNA species from eukaryotes. 

We thank Dr J. R. Bedbrook for providing us with the clone 
pZme 134, E. Schiefermayr and G. Schlingmann for technical 
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Accumulation of an mRNA and 
protein in interferon-treated 
Ehrlich ascites tumour cells 


INTERFERONS are glycoproteins which are synthesised by 
various vertebrate cells in response to virus infection or some 
other stimuli. They are secreted and then interact with other 
cells and convert these into an antiviral state, in which the 
multiplication of viruses is impaired’. It is thought that tran- 
scription and translation are required for the establishment of 
the antiviral state as actinomycin D or inhibitors of protein 
synthesis, suitably administered, prevent or delay the effect*”. 
Results with enucleated cells also support this idea*. We show 
here that treatment of Ehrlich ascites tumour (EAT) cells with 
highly purified interferon results in the accumulation of a parti- 
cular mRNA and the corresponding protein within the cells. 
However, we have not yet identified the function of the induced 
protein. 

MessengerRNA was prepared from monolayers of EAT cells 
treated with 500 U ml’ interferon for 8 h and from control cells 
and was translated both in the wheat germ system and in the 
nuclease-treated reticulocyte lysate. The radioactive translation 
products were analysed by SDS gel electrophoresis (Fig. 1). In 
the wheat germ translation system (Fig. 1, tracks 1, 2), compared 
with the mRNA from control cells, the mRNA from interferon- 
treated cells yields an increased amount of one protein. This 
protein (Fig. 1, arrow) migrates with a molecular weight of 


Fig. 1 Mouse EAT cells were grown in 4083 4 $8 
monolayers in GIBCO F15 medium 

containing 7.5% fetal calf serum. Mouse a 

interferon (0.5-1 x 10° U mg’ ') was pre- 
pared from EAT cells essentially as 
described previously''. Monolayers of 
EAT cells were treated as indicated with 
500 U mi“ interferon for 7.5 h, or with 
500 Um!" interferon and 2ygml™' 
actinomycin D for 7.5 hor kept as controls 
and then collected into phosphate 
buffered saline (PBS, 137 mM NaCl, 2.7 
mM KCI, 8.1 mM Na,HPO,, 1.5 mM 
KH,PO,, pH 7.2) by scraping with a rub- 
ber policeman. The cells were washed 
twice with PBS, frozen, thawed and 
extracted twice with 0.15 M NaCl, 10 mM 
Tris-Cl pH 7.5, 1 mM MgCl, 0.075% 
Triton X-100. After digestion with 
0.3 mg ml‘ proteinase-K in the presence 
of 0.5% SDS and 10 mM EDTA at 37°C 
for 10 min, total cytoplasmic RNA was 
extracted by the phenol/chloroform/iso- 
amy! alcohol method’?. This RNA was 
fractionated on columns of oligo(dT)- 
cellulose (Collaborative T2) by applica- 
tion in 0.5 M NaCl, 10 mM Tris-Cl pH 
7.5, 0.1% SDS and elution with 10 mM 
Tris-Cl pH 7.5, 0.1% SDS". After re- 
covery by ethanol precipitation, the 
unbound [poly(A)"] and the bound 
[poly(A)*] fractions were dissolved in 
water and stored at —70 °C. Eight 150 mm 
tissue culture dishes of 50% confluent 
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14,500. Translation of mRNA from cells which have been 
simultaneously treated with interferon and actinomycin D 
results in only the control level of the 14,500-MW protein (Fig. 
1, track 13). The translation products in the reticulocyte lysate 
(Fig. 1, tracks 5, 6) extend to a higher molecular weight than 
those in the wheat germ system but the 14,500-MW region of 
the gel is obscured by the large amount of non-radioactive 
globin in the reticulocyte lysate. 

To show that the increased production of the 14,500-MW 
protein was not a consequence of differential post-translational 
processing, we first translated in the presence of radioactive 
amino acids separately the mRNA from control cells and the 
mRNA from interferon-treated cells. Each of these two mix- 
tures was then further incubated with the products obtained by 
translating mRNA from either control or interferon-treated 
cells in the presence of non-radioactive amino acids. The second 
incubations were carried out in the presence of anisomycin to 
prevent further protein synthesis. There is neither degradation 
of the radioactive 14,500-MW protein when it is mixed with the 
non-radioactive translation products of control MRNA (Fig. 1, 
track 16), nor production of the 14,500-MW protein when the 
radioactive translation products of control mRNA are mixed 
with the non-radioactive translation products of the mRNA 
from the interferon-treated cells (Fig. 1, track 15). These results 
make it highly likely that treatment of the cells with interferon 
results in increased accumulation of the mRNA coding for the 
14,500-MW protein. 

To compare the in vitro translation products of mRNA 
from control cells and mRNA from interferon-treated cells 
more closely, we analysed them by two dimensional (2D) gel 
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control and interferon-treated cells typically yielded 2.05 mg poly(A)” RNA and 0.12 mg poly(A)” RNA. A similar quantity of cells treated with interferon and 
actinomycin gave 1.57 mg poly(A)” RNA and 0.04 mg poly(A)* RNA. In vitro translations were in the wheat germ system’? or mRNA-dependent reticulocyte 
lysate® with 150 Ci mi~" of a mixture of **S-methionine and cysteine as radioactive label. Poly (A) RNA was translated at 500 ug ml‘ and poly(A)” RNA at 60 pg 
ml” ' except in track 13 where poly(A)” RNA was at 20 yg ml’, reflecting the lower amount of RNA in the actinomycin D-treated cells. After translation at 30 °C for 
60 min, aliquots were analysed by SDS gel electrophoresis® and fuorographs '**® are shown. a, Tracks 1, 2, 5, 6 poly (A)* RNA, 3, 4, 7, 8 poly(A)” RNA, 9, 10 no 


interferon-treated cells. b, Translation in wheat germ system of poly(A)” RNA from control cells (11), interferon-treated cells (12), cells treated with interferon and 
actinomycin D (13). Tracks 14-17: poly(A)” RNA from control or interferon-treated cells was translated for 60 min in the wheat germ system in the presence of 
35§-methionine and cysteine and then an aliquot of each was mixed with an equal volume of duplicate translations containing either control or interferon-treated cell 
poly(A)” RNA and no radioactive label. These reactions were then further incubated at 30 °C for 45 min in the presence of 0.2 mM anisomycin. Tracks 14, 15 first 
(labelled) incubation control cell mRNA; tracks 16, 17 first (labelled) incubation interferon treated MRNA, tracks 14, 16 mixed with control cell mRNA translation 
products; tracks 15, 17 mixed with interferon-treated cell MRNA translation products. The experiments in (b) used independent preparations of mRNAs and wheat 
germ system from those in (a). The vertical scale shows the positions to which standard proteins (molecular weights in kilodaltons) migrated on the gel. 
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Fig. 2 Poly(A)” RNA from a, control cells; b, cells treated with 500 U ml ' interferon for 8 h was translated at 60 ug ml‘ for 60 min in the 

wheat germ system with *°S-methionine and cysteine as radioactive label. Samples were then made up to 9 M urea, „2% ampholines (pH 3-10, 

Bio-Rad), 1% NP-40, 2.5% 2-mercaptoethanol and analysed by 2D gel electrophoresis as described by 0” Farrell” except that the isoelectric 

focusing gels contained 2% Bio-Rad ampholines (pH3-10) and the second dimension was on non-gradient 15% gels. The figure shows 

fluorographs of the gels. The equivalence of cm and pH is given in Fig. 3 and the vertical scale shows the positions to which standard proteins 
(molecular weights given in kilodaltons) migrated on the gel. 


electrophoresis“ (Fig. 2). In this system the 14,500-MW induced 
protein (arrowed) shows up clearly at pI 7.5. We cannot yet find 
any other significant difference between the in vitro translation 
products of the two mRNA preparations. 


The experiments shown in Fig. 3 were designed to find 
whether the elevated level of mRNA coding for the 14,500-MW 
protein is manifested in an increased amount of this protein in 
interferon-treated cells. EAT cells were treated with interferon 
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Fig.3 EAT cells were treated with interferon and actinomycin D as below and then labelled with 60 Ci ml ' of a mixture of *°S-methionine 
and cysteine for 1 h. At the end of the labelling the medium was removed, the monolayer was washed with ice-cold PBS and the cells were lysed 
in 0.4 ml of 9 M urea, 2% NP-40 per 60-mm dish. The viscous lysate was sonicated for about 15 s to disperse the DNA. Samples of 10 ul of the 
lysate were made up to 9M urea, 2% ampholines (pH 3-10, Bio-Rad), 1% NP-40, 2.5% 2-mercaptoethanol and analysed by 2D gel 
electrophoresis as in Fig. 2 except that in c, d and e non-gradient 12.5% gels were used for the second dimension. Radioactive proteins were 
detected by fluorography. a, c, Control cells; b, d, cells treated with 500 U ml"! interferon for 7.5 h. e, cells treated with 500 U ml ° interferon 
and 2yugml!' actinomycin D for 7.5h. The pH gradient in the isoelectric focusing gel was measured with a Bio-Rad propHiler and the 
equivalence of pH and the cm scale is shown. The shallow pH gradient at the basic end of the gel has been noted previously by O'Farrell’ '? Parts 
a, b were from the same experiment as Fig. 2, and c, d and e from another. In c, dand e only the region of the gel containing the induced protein is 
shown. The vertical scale in a, b shows the positions to which standard proteins (molecular weights in kilodaltons) migrated on the gel. 
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(S00 U ml’) for 7.5h and then incubated with *°S-labelled 
amino acids for 1 h. The labelled proteins from the cells were 
analysed by 2D gel electrophoresis and the pattern of radio- 
active proteins was compared with that derived from similarly 
labelled control cells (Fig. 3a, b). The interferon-treated cells 
show strongly increased labelling of a protein which has the 
same mobility as the protein observed in Fig. 2 to be present in 
increased amounts in the translation products of the mRNA 
from interferon-treated cells. There are other proteins on the 
2D gels whose labelling sometimes seems to be affected in vivo 
by interferon treatment but we have not fully established condi- 
tions for the changes in labelling of these proteins or found any 
changes in the corresponding mRNA levels. If cells are treated 
as above with interferon (Fig. 3d) except that actinomycin D is 
added at the same time as the interferon (Fig. 3e), the labelling 
of the 14,500-MW protein is the same as in the control cells (Fig. 
3c). When cells are treated with interferon for various lengths of 
time then incubated with radioactive amino acids and analysed 
as above on 2D gels, the induction can just be observed after 5 h 
of interferon treatment and seems to be maximal by 9h of 
interferon treatment (data not shown), 

We scanned the spots on the fluorograms of the 2D gels and 
compared the relative blackening on the films to obtain an 
approximate estimate of the degree of induction of the 14,500- 
MW protein. This results in values of 7.5-fold for the labelled 
cells and five-fold for the in vitro translations. 

We have not yet been able to equate this induced protein with 
any of the enzymes known to increase in activity after interferon 
treatment. We have not found any difference in double-stranded 
RNA-dependent protein kinase activity in the translation 
products of the mRNA from control and interferon-treated cells 
(data not shown). Nor do we detect any difference in the ability 
of the translation products to synthesise the 2,5A class of 
compounds’. The 14,500-MW protein does not appear to be 
mouse globin (determined by co-electrophoresis) or interferon 
(assayed by antiviral activity). As 500 U ml" interferon slows 
the growth of these cells by less than 5% in the first 5 days of 
treatment, it seems unlikely that the induction we have observed 
is an indirect consequence of an inhibition of cell growth by 
interferon. We presume that our induced protein is different 
from a 56,000-MW protein recently reported by Ball’® to be 
induced in chick cells by interferon and we are currently trying to 
establish the function of the induced 14,500-MW protein and to 
examine other cell types for similar phenomena. 

Interferon was purified by H. Taira and R.J.B. This work was 
supported by NIH grants (AI-12320 and CA-16038) and a 
fellowship grant (DRG-189-FT) to P.J.F. from the Damon 
Runyon- Walter Winchell Cancer Fund. 
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Hydroxylamine stimulates carboxylase 
activity and inhibits oxygenase 

activity of cyanobacterial 

RuBP carboxylase/oxygenase 


RIBULOSE-1,5-BISPHOSPHATE (RuBP) carboxylase/oxy- 
genase (EC 4.1.1.39) catalyses both the photofixation of CO, 
and light-dependent O, uptake (photorespiration) in photo- 
trophs’*. Photorespiration is generally considered to be a 
wasteful process, reducing net plant productivity® and N, 
fixation where it occurs’. The selective inhibition of RuBP 
oxygenase activity, either by endogenous metabolites or exo- 
genous effectors, while allowing carboxylation to continue, has 
been viewed as a means of increasing plant productivity? ®. 
There is no previous unequivocal evidence of one metabolite 
differentially affecting both reactions. Here, we present data on 
how it is possible, in vitro, to stimulate carboxylase activity and 
inhibit oxygenase activity simultaneously in extracts of the 
cyanobacterium Anabaena cylindrica by adding hydrox- 
ylamine, an intermediate in the reduction of nitrate to ammonia 
in cyanobacteria? and higher plants’. 

Anabaena cylindrica Lemm. (1403/2a) (Culture Centre of 
Algae and Protozoa, Cambridge, UK) was grown in pure culture 
as described previously’. RuBP carboxylase activity, measured 
as RuBP-dependent ‘*CO, incorporation into acid-stable 
material, and RuBP oxygenase activity, assayed as RuBP- 
dependent O, consumption, were followed simultaneously in an 
O, electrode. Preincubation for 10 min at between 0 and 40 °C 
had no effect on either RuBP carboxylase or oxygenase activities 
subsequently assayed at 30 °C. However, a 60% increase in both 
activities of the enzyme occurred after incubation at 50°C for 
10 min, before assay at 30°C. The ratio of oxygenase/carbo- 
xylase activity remained fairly constant at around 0.063, irres- 
pective of the temperature within the range 0-50 °C. This is the 
first evidence of heat activation of the enzyme from a cyano- 
bacterium and accords with the finding of heat activation of the 
eukaryotic enzyme’'~'*. Experiments detailed below were car- 
ried out after pretreatment of the A. cylindrica enzyme at 50 °C 
for 10 min, followed by equilibration at 30°C for 2 min. 





Table 1 Effects of various nitrogen compounds on the RuBP carbo- 
xylase/oxygenase activities of Anabaena cylindrica 





ye 


Nitrogen RuBP carboxylase RuBP oxygenase 

compound added 1.25 mM* 10 mM* 1.25mM*  10mM* 
None 100 100 100 100 
KNO, 102 101 93 86 
KNO, 82 88 72 79 
NHOH NT 171 NT 72 
NHC] 94 101 89 95 


The preincubation temperature was 50 °C and the assays were carried 
out in the presence of 0.14 mM RuBP; other experimental details as in 
legend to Fig. 1. Activities are expressed as a percentage of those 
measured in the absence of nitrogen compounds. 

* Final concentration of added nitrogen compound; NT, not tested. 


Data on the effect of various nitrogen compounds on RuBP 
carboxylase/oxygenase activities (Table 1) show that of the 
compounds tested only hydroxylamine had any significant 
effect, stimulating carboxylase activity markedly and inhibiting 
oxygenase activity. Figure 1 shows the differential effects of 
hydroxylamine on A. cylindrica RuBP carboxylase and oxy- 
genase activities at various effector concentrations. RuBP oxy- 
genase was again inhibited by hydroxylamine, while carboxylase 
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was simultaneously enhanced when the hydroxylamine concen- 
tration was increased up to 10 mM. The differential effect of 
hydroxylamine on these reactions was greater in the presence of 
0.14 mM RuBP than at 0.28 mM RuBP. 

Our findings with hydroxylamine show similarities to and 
differences from the results of Bhagwat et al.'° using the spinach 
enzyme. Like them, we found an inhibition of RuBP oxygenase 
activity by hydroxylamine, but also, unlike them, we found a 
stimulation of RuBP carboxylase activity by hydroxylamine. 
Although this may reflect a difference between the prokaryotic 
and higher plant enzyme, it could also be due to the assay 
methods used. In particular, the Indian workers'* used separate 
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Fig. 1 Effects of increasing hydroxylamine concentrations on 
Anabaena cylindrica RuBP carboxylase/oxygenase activities at 
two RuBP concentrations. 8 lof log phase culture were collected by 
centrifugation, washed and resuspended in 2 vol. buffer (20 mM 
Tris, 1 mM Na EDTA, 10 mM MgCh, 50 mM NaHCO,, 0.5 mM 
dithiothreitol and 1 mM phenylmethylsulphonyl fluoride, pH 8.0). 
Cells were disrupted by French pressure cell treatment at 110 MPa 
at 4 °C. The extract was then centrifuged at 15,000g for 20 min and 
the supernatant re-centrifuged at 100,000g for 60 min. After 
(NH4)2SO, precipitation of the supernatant, the 25-45% fraction 
was resuspended in buffer and concentrated by dialysis against 
buffer. This served as the enzyme preparation. Heat activation was 
carried out on 125-ul samples of enzyme in 1.5-ml capped vials to 
prevent loss of CO). The vials were incubated at 50°C for 10 min, 
then maintained at 30 °C, the assay temperature, for 2 min before 
assay. RuBP carboxylase and oxygenase activities were measured 
simultaneously using a Pt-Ag oxygen electrode (Rank). Assays 
were started by adding 50 pl enzyme (10-40 yg protein) to the 
reaction mixture containing 100 mM Bicine-NaOH buffer, pH 8.3 
(equilibrated with CO -free air), 0.27 mM NaH'*CO;, 20 mM 
MgCl, and 0.14 mM or 0.28 mM RuBP. In the final assay concen- 
trations produced (21% O3, 2.56 mM NaHCO, at pH 8.3) carbo- 
xylase and oxygenase activities were simultaneously followed. 
Oxygen uptake was linear for at least the first 100s and data 
presented are those obtained over this 100-s period. Carboxylase 
activity was determined, after 100 s, by removing a 100-pl aliquot 
of the reaction mixture into trichloroacetic acid (final concen- 
tration 40% w/v). '*C incorporated into acid-stable material was 
then counted. Controls without RuBP were included. a, 0.14 mM 
RuBP: b, 0.28 mM RuBP; A, RuBP carboxylase; @, RuBP oxy- 
genase. Activities are expressed as a percentage of those measured 
minus hydroxylamine. Specific activities, measured minus hydrox- 
ylamine were: RuBP carboxylase, 8.13 and 12.13 umol CO; fixed 
per mg protein per h at 0.14 and 0.28 mM RuBP respectively, and 
RuBP oxygenase, 0.88 and 0.90 pmol O2 consumed per mg pro- 
tein per h at 0.14 and 0.28 mM RuBP respectively. 
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Fig. 2 Possible interactions between hydroxylamine and RuBP 

carboxylase/oxygenase based on our in vitro data. Solid lines 

represent metabolic pathways, broken lines represent inhibition 

(~) or activation (+) of enzymatic activities. PGA, 3-phos- 
phoglyceric acid. 


RuBP carboxylase and oxygenase assays and saturating bicar- 
bonate and O, concentrations, starting both reactions by the 
addition of RuBP. We measured RuBP carboxylase and oxy- 
genase activities simultaneously in the same vessel using assays 
with sub-optimal concentrations of CO, and O, respectively, 
and started the reactions by the addition of heat-activated 
enzyme. The effect of hydroxylamine on RuBP carboxylase may 
depend on CO, concentration, as well as on RuBP concen- 
tration. It has also been suggested that high CO, concentrations 
may protect the spinach RuBP carboxylase’* and our data 
support this contention. 

The results point to a possible close coordination of nitrogen 
and carbon metabolism in Anabaena, as Solomonson and Spe- 
har have postulated for Chlorella‘. The latter workers suggest 
that hydroxylamine, produced during nitrate assimilation, 
combines with glyoxylate, produced by glycollate oxidation, to 
form glyoxylate oxime, and thence cyanide. Cyanide, produced 
in photorespiratory conditions, may thus effect the reversible 
inhibition of nitrate reductase at low concentrations. However, 
although cyanide production by Chlorella vulgaris has been 
demonstrated'’ and cyanide inhibits Chlorella variegata nitrate 
reductase in vitro '®, this inhibition does not occur when nitrate is 
present (see Table 4 of ref. 18). The inhibition of RuBP oxy- 
genase by hydroxylamine would serve to reduce photorespira- 
tory glyoxylate production and, according to the model of 
Solomonson and Spehar'®, cyanide production. Our data, 
showing the direct inhibition of RuBP oxygenase by hydr- 
oxylamine, suggest that a regulation of photorespiratory carbon 
flow and nitrate assimilation may occur without the involvement 
of cyanide. 

In vivo, the provision of adequate carbon skeletons is essential 
to prevent uncoupling by high pools of ammonia (Y. Steinitz, 
G.A.C. and W.D.P.S. in preparation). Our data suggest that in 
the presence of nitrate, hydroxylamine may contribute to the 
fine coordinate control of ammonia levels and the supply of 
carbon skeletons, as outlined in Fig. 2. The stimulatory effect of 
hydroxylamine on RuBP carboxylase and its concomitant 
inhibition of photorespiration would increase net carbon gain, 
thus helping to ensure the adequate supply of carbon skeletons 
for amino acid biosynthesis. The in vivo significance of these 
findings will depend on the size of the intracellular pools of 
hydroxylamine, or if hydroxylamine remains enzyme bound”’, 
on an association between RuBP carboxylase/oxygenase and 
nitrate/nitrite reductase(s), or both. There is no evidence yet for 
a close association of such enzymes in cyanobacteria but there is 
evidence for such an association in eukaryotic systems?” 

It is also known that nitrate stimulates O, evolution when 
supplied to algae incubated in CO,-limited conditions and this 
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has been attributed to nitrate acting as an alternative electron 
acceptor to CO, (ref. 23). Our data suggest that if hydrox- 
ylamine inhibits RuBP oxygenase activity in vive this would 
decrease O, uptake and be responsible, in part at least, for the 
enhancement of O, evolution. 

Irrespective of their in vive significance, our data establish the 
fact that the RuBP carboxylase/oxygenase from an oxygenic 
photosynthetic prokaryote can be differentially regulated by 
chemical means. 

This work was supported by the SRC and the EMBO. 
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Nitrogen fixation in coral reef 
sponges with symbiotic cyanobacteria 


NITROGEN FIXATION by endosymbiotic cyanobacteria (blue- 
green algae) results in an important input of nitrogen into 
terrestrial ecosystems’; however, there is as yet little informa- 
tion on its significance in the marine environment’™. Symbiosis 
of cyanobacteria with marine animals, although rare, is known 
to occur in an echiuroid worm’ and in sponges from coral reefs° 
and the Mediterranean”. In the present study of sponge—cyano- 
bacterial symbioses, several sponges from a coral reef in the Red 
Sea were tested, using the acetylene reduction technique’, 
immediately after their collection on reef-based platforms for 
their ability to fix nitrogen. Nitrogenase activity was detected in 
two sponges with cyanobacteria but not in a third with no 
cyanobacteria. This is the first demonstration of nitrogenase 
activity in an animal with symbiotic cyanobacteria. In two 
previous reports of nitrogen fixation in marine animals, the 
activity was attributed to bacteria in the gut®?, Although these 
preliminary experiments are not sufficient to assess the 
significance of cyanobacterial nitrogenase activity in sponges, it 
is possible that any additional fixed nitrogen would be beneficial 
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to sponges in tropical waters which are low in available 
nitrogen’® and in particulate nutrients”, 

Three sponges, two containing cyanobacteria and one 
without, were collected from illuminated habitats at a depth of 
6-7 m on Harvey Reef adjacent to Port Sudan. The consistent 
presence of unicellular cyanobacteria, similar to those observed 
in other coral reef sponges*, was confirmed by electron micro- 
scopy. The cyanobacteria were observed, along with other 
bacteria, in large vacuolated cells, termed bacteriocytes™, 
throughout the tissue of Siphonochalina tabernacula (Row) (Fig. 
1). The cyanobacteria were present in low numbers and are 
estimated to occupy less than 1% of the sponge volume seen in 
the electron micrographs. Similar cyanobacteria were observed 
in the thin brown pigmented ectosome of Theonella swinhoei 
Gray where they constitute 10-15% of the ectosome volume. 
These cyanobacteria are mostly free in the intercellular matrix 
with some present in specialised amoebocytes, termed cyano- 
cytes’. Cyanobacteria numbers decrease away from the 
ectosome and are not evident in the deeper part of the 
endosome. Symbiotic bacteria are rare in the ectosome and 
particularly numerous in the endosome. Large populations of 
bacteria are the only symbionts observed in Inodes erecta 
(Keller). 

Nitrogenase activity was determined using the acetylene 
reduction test as modified by Flett et a/.'*, except that the 
acetylene gas phase was maintained over the liquid phase 
because the sponge tissue was too fragile to agitate. Tissue 
samples were suspended in filtered seawater and incubated in 
100-ml glass syringes at a depth of 30 cm in seawater exposed to 
saturating illumination (full sunlight, 5 x 10'* quanta cm? s~?) 
and at temperatures 1-4 °C above the ambient 31 °C. Duplicate 
5-ml gas samples were collected in pre-evacuated tubes (‘vacu- 
tainers’) and estimated for ethylene content by gas chromato- 
graphy at laboratories in the University of Bristol and Westfield 
College, London. After correcting for initial contamination, the 
ethylene concentration was determined using a variation of 
Henry’s law**. 

When similarly sized pieces of S. tabernacula and I. erecta, 
collected from similar habitats, were incubated with acetylene, 
ethylene was produced in S. tabernacula and apparently 
consumed in Z. erecta (Fig. 2a). Adjacent pieces from a large S, 
tabernacula specimen were incubated in light or dark, with 
considerably more ethylene being produced in the light sample 
(Fig. 26). The rate of production of ethylene in S., tabernacula 
was linear during the initial 2 h of incubation, with rates slightly 
decreasing in the subsequent period (Fig. 2c). In similarly sized 
tissue pieces of S. tabernacula incubated in the light with DCMU 
(dichloropheny!] dimethyl-urea), a specific inhibitor of pho- 
tosystem II reaction having no effect on animal tissue, no 
appreciable reduction in total ethylene production was observed 
during the incubation period (Fig. 2c). The presence of DCMU 
had an apparently stimulatory ‘effect on the O,-sensitive nitro- 
genase by depressing photosynthetic O, evolution, although this 
effect was probably compensated for later by the shortage of 
photosynthetically produced reductant'*. In both dark and 
DCMU treatments, nitrogenase activity in the cyanobacteria 
may have persisted at the expense of preformed or non-pho- 
tosynthetic source of reductant’®, or activity could have been 
partly or fully bacterial in origin. In T. swinhoei, ethylene 
production in tissue samples containing between 20% and 30% 
pigmented ectosome was higher than in the non-pigmented 
endosome (Fig. 2d). 

Nitrogenase activity is thought to be associated with the 
symbiotic cyanobacteria rather than other bacteria, for the 
following reasons: (1) nitrogenase activity was evident in S. 
tabernacula and T. swinhoei, which harbour symbiotic cyano- 
bacteria, and was absent in J. erecta, which lacks cyanobacteria: 
(2) more ethylene was produced by the ectosome of T. swinhoei, 
which contained cyanobacteria, than by the endosome almost 
free of cyanobacteria; (3) nitrogenase activity was higher in 
illuminated tissue than in tissue incubated in the dark: and 
(4) the amounts of ethylene produced in S. tabernacula and 
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T. swinhoei were comparable although the bacterial population 
in T. swinhoei was many times larger than that in S. tabernacula 
and similar to that in J. erecta. 

It is unlikely that nitrogenase activity was due to exogenous 
microorganisms colonising the surface, as the sponge epithelial 
cells (exo- and endopinacocytes) readily phagocytose parti- 
culate matter adhering to the surface’? 

Although we conclude that the nitrogenase activity measured 
was due mainly or solely to symbiotic cyanobacteria, the role of 
other bacterial symbionts must be considered. Mixed popu- 
lations of bacteria occur in sponges*”’*, including phototrophic 
anaerobes’ ’, and it is possible that some of these bacteria display 
nitrogenase activity. Associations between aquatic cyano- 
bacteria and heterotrophic bacteria were considered to be 
beneficial to both partners’*. Bacteria possibly enhance nitrogen 
fixation in freshwater cyanobacteria by creating a reducing 
atmosphere’. Synergistic nitrogen fixation may occur in 
sponges when cyanobacteria and heterotrophic bacteria are 
closely associated (Fig. 1). 

More detailed experiments are required to establish the 
nutritional and ecological significance of the nitrogenase activity 
determined in these preliminary experiments. Although at first 
sight the levels of activity, 2-4 nmol C,H, produced per g (wet 
weight of sponge) per h for S. tabernacula and 3 nmol C;H, per g 
per h for T. swinhoei, seem to be rather low, it should be 
remembered that they originate from small populations of 
cyanobacteria in a tissue containing large quantities of inter- 
cellular matrix and inert skeleton. Comparisons with data 
obtained with other systems are not possible until the cyano- 
bacterial population may be reliably estimated, and the cyano- 
bacteria isolated and tested in pure culture. 

We thank Professors G. E. Fogg and D. C. Smith for their 
critical comments during the preparation of this manuscript, and 


Acetylene reduction (nmol ethylene) 


Nature Vol. 279 7 June 1979 





ba © 


Fig. 1 a, Electron micrograph showing cyanobacteria (C) and 

bacteria (B) within sponge cell vacuoles in the intercellular matrix 

of Siphonochalina tabernacula. Tissue was fixed in 2.5% glu- 

taraldehyde in seawater : water (4:1), post-fixed in 1% OsO4 and 

embedded in Spurr’s resin. X 30,000. b, Section through sponge 

vacuole showing cyanobacterium with spiral thylakoid and 
adjacent smaller bacteria. x 15,000. 
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Fig. 2 Acetylene reduction (nmol of ethylene in 5-ml gas 
samples): a, by equal (8.1 g) tissue samples of Siphonochalina 
tabernacula and Inodes erecta (no cyanobacteria) incubated in 
light; b during light and dark incubation of equal (3.4 g) samples of 
S. tabernacula, c, by equal (3.9g) pieces of S. tabernacula 
incubated in the light in the presence or absence of 10°°M 
DCMU; d, by 2.1 g of tissue containing pigmented ecotsome and 
1.7 g of white endosome of Theonella swinhoei. Squares, S. taber- 
nacula; triangles, I. erecta; circles, T. swinhoei. 
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Antiviral antibody reacting on the 
plasma membrane alters 
measles virus expression inside the cell 


SOME viruses are known to persist despite a functional antiviral 
immune response by the host. For example, measles or measles- 
like viruses can cause persistent infection in man leading to a 
progressive degenerative disease, subacute sclerosing panen- 
cephalitis (SSPE), characterised by unusually high titres of 
measles virus antibodies in serum and cerebral spinal fluids (see 
refs 1, 2 for reviews). Peripheral blood lymphocytes specifically 
responsive to measles virus antigens are generated and lyse 
target cells expressing virus antigens on their surfaces**. Sera 
from SSPE patients enhance rather than block or suppress 
immunologically mediated killing**. But although this anti- 
measles virus immune response is vigorous, the virus infection 
does not terminate because one can detect virus antigens and 
isolate infectious virus from central nervous system and 
lymphoid tissues’. To explain this we postulated that antibody to 
measles virus modulates or strips viral antigens off surfaces of 
virus infected cells’. This contention is based on the finding 
that specific measles antibody added to cultured infected cells 
modulate viral antigens on the cells’ surfaces‘, These cells then 
express less viral antigens on their surfaces and thereby avoid 
the host’s immune assault. Cells denuded of viral antigens on 
their surfaces resist antibody and complement-mediated or 
immune lymphocyte-mediated killing®’ yet retain viral genetic 
information®. Further, during antibody modulation in vitro, the 
numbers of viral nucleocapsids accumulated inside the cell 
dramatically increase and are positioned randomly’*. This in vitro 
picture closely resembles the distribution of nucleocapsids in 
cells obtained by biopsy from patients with SSPE'*®°, Ouan- 
titatively, about 10- to 50-fold less antibody is needed on the 
surfaces of infected cells to modulate viral antigens than is 
needed to activate the complement system leading to immune 
lysis of infected cells*'°. To clarify the molecular events occur- 
ring during antibody-induced antigenic modulation, we have 
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studied measles virus antibody bound to the surfaces of infected 
cells and ascertained what alterations occur within these cells. 
Here we report that measles virus antibodies added to virus 
infected HeLa cells decrease the content of both viral structural 
polypeptide haemolysin expressed on the cell surface and a 
structural polypeptide (measles virus phosphoprotein, P) found 
inside the cell. These observations indicate that antibody direc- 
ted against an antigen on the cell surface can interfere with viral 
proteins expressed inside the cell. Because phosphoprotein 
seems to form complexes with the nucleocapsid, our findings 
may offer leads towards understanding viral regulation during 
persistence. We also note that three measles virus poly- 
peptides—P, nucleocapsid (NC) and matrix protein (M)—are 
phosphorylated. 

HeLa cells acutely infected with measles virus were cultured 
with and without antibody to measles virus in the media (see Fig. 
1 for experimental details). The antibody used for modulation 
reacted with all measles virus structural proteins as determined 
by immune precipitation and analysis on polyacrylamide gel 
electrophoresis (PAGE). The antibody neutralised 4.5 x 
10° PFU per ml. After being cultured in antibody for 6 or 18 h, 
HeLa cells were collected, washed four times in serum-free 
medium, and incubated in media free of either methionine or 
phosphorus. After 1h the cells were washed and incubated in 
methionine- or phosphorus-free media to which °°S-methionine 
or **P was added. Cells were collected 2h later from both the 
controls (infected-unmodulated: NMOD) and the infected 
modulated (MOD) cultures, washed and lysed with 2% NP40 in 
TNE buffer. Nuclei and cell debris were removed by centri- 
fugation and the cytosol preparations were incubated with 
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Fig. 1 HeLa cells were infected in suspension with Edmonston 
strain of measles virus at an multiplicity of infection of 1. Cells were 
pelleted 24 h later and resuspended in Eagle's minimal essential 
media (MEM) containing either fetal calf serum (FCS) (non- 
modulated, NMOD) or antibodies to measles virus (modulated, 
MOD) for 1h. The cells were pelleted and suspended in fresh 
MEM with 20% serum containing antibodies to measles virus or 
20% FCS and placed on a rotating platform at 37°C. At 6h and 
18 h, cells were collected by low-speed centrifugation, washed four 
times with serum-free MEM and incubated in methionine-free 
media. After 1 hin which 10 pCi *°S-methionine per ml was added 
and the cells incubated at 37 °C, the cells were washed once with 
phosphate-buffered saline and lysed at 4°C with NP40 in TNE 
buffer containing 1mM PMSF. Nuclei and cell debris were 
removed 15 min later by centrifugation at 1,000g for 15 min, and 
the cytosols (300 wl) were precipitated with 10 ul hyperimmune 
antibody to measles virus. Incubation lasted overnight at 4°C. 
Thereafter, an excess of heat-inactivated, formalin-fixed Staph. 
aureus was added to precipitate all the formed complexes. Pre- 
cipitates were washed twice in 0.5% NP40 in TNE buffer and twice 
again with 0.02% NP40 in buffer, suspended in sample preparation 
buffer containing 1% SDS and 1% 2-mercaptoethanol and 
immersed in boiling water for 2 min. The bacteria were pelleted at 
1,000g for 15 min and supernatants removed. The immune pre- 
cipitates were counted and applied to 10.5% SDS gels for PAGE 
analysis. Gels were stained, fixed and dried on filter paper. Kodak 
XRP-1 X-ray film was exposed to the dried gels and developed. 
Appropriate molecular weight markers were run in adjacent lanes. 
Data shown are representative of seven such experiments. 
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Fig. 2 HeLa cells infected with measles virus were treated as 
described in Fig. 1 except that phosphorous-free media and 32p 
(50 pCi ml”') replaced the **S-methionine and cells were collected 
12 hpost-infection. The ordinate represent relative density and the 
abscissa the relative migration. The three phosphorylated measles 
virus polypeptides seen are: phosphoprotein (P); nucleocapsid 


(NC) and matrix protein (M). Solid line, P non-modulated; 


broken line, 32) modulated. 


antibodies to measles virusDvernight at 4 °C. The antibody used 
for immune precipitation recognised all structural measles virus 
polypeptides found in the virion and in infected cells. The 
antigen-antibody complexes formed were then precipitated 
with Staphylococcus aureus, washed, dissolved in 1% SDS and 
1% 2-mercaptoethanol and electrophoresed on SDS-PAGE in 
conditions designed to segregate measles virus polypeptides. In 
the conditions used, structural measles virus polypeptides were 
immunoprecipitated and co-migrated with purified measles 
virion polypeptides. Measles virus polypeptides were identified 
by tryptic peptide mapping’’. Experimental controls showed 
that (1) measles virus antibody did not precipitate proteins in 
uninfected cells that migrated in positions of measles virus 
polypeptides and (2) sera free of antibodies to measles virus did 
not precipitate measles virus polypeptides found in infected 
cells. 

Figure 1 shows the five structural polypeptides of measles 
virus demonstrated when HeLa cells were incubated only in 
fetal calf serum (NMOD) but not antibody. These are the 
haemagglutinin (HA), the phosphoprotein (P), the nucleocapsid 
(NC), the haemolysin (HL) and the matrix protein (M). Only the 
HA and HL were expressed on the cells’ surfaces as detected by 
lactoperoxidase ‘**I-labelling of living cells’? and previous 
observations??. In contrast, HeLa cells incubated with antibody 
to measles virus synthesised equivalent amounts of three of the 
five proteins, namely HA, NC and M as studied with 355. 
methionine label (Fig. 1). Hence, in the experimental conditions 
used, modulation for 18 h or less, detectable amounts of HL, a 
surface protein, were markedly diminished by the presence of 
anti-measles antibody, whereas the other surface protein, HA, 
was unchanged. In addition, cytosol preparations from antibody 
modulated infected cells contained less P protein than unmodu- 
lated cultures. These results were reproducible and quantitated 
by both densitometer scans and counting the radioactivity 
contained within the labelled viral polyeptide. HL decreased by 
70% or more and P by 80% or more in the preparations from 
modulated cells compared to those that were not modulated by 
antibody. Quantities of NC in modulated and unmodulated cells 
varied less than 10%. We performed a series of experiments in 
which the conditions of electrophoresis were altered (7-15% 
gels with and without urea), several human and rabbit sera 
containing measles antibody were used to modulate or pre- 
cipitate, and purified IgG from these human and rabbit sera 
were used. All gave results similar to those shown in Fig. 1. 
Failure to decrease the amount of HA expressed on the surfaces 
of infected cells was unexpected, and probably due to the brief 
time (<18 h) for which infected cells were modulated. Previous 
experiments’ showed that after 48h of antibody-induced 
modulation, viral antigens were no longer detected on the cells’ 
surface by either radiolabelled binding or immune cytotoxicity 
assays. When IgG from sera without antibody to measles virus 
was added to the cultures in identical conditions, neither HL or P 
protein were altered in concentration. 
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We next determined whether antibody(s) to non-viral deter- 
minants expressed on the surface of virus-infected cells also 
decreased the HL and/or P protein of measles virus. For these 
experiments, measles virus-infected HeLa cells were incubated 
with antibodies directed to the HeLa cell surface in conditions 
like those used for modulation. Although antibodies to HeLa 
cell surface components bound to antigens expressed on the 
membranes of virus-infected HeLa cells for up to 18 hin culture, 
the quantitative expression of the five viral polypeptides 
remained unaltered compared to cultures in which HeLa anti- 
bodies were absent or fetal calf serum was substituted. HL 
reacted correspondingly. Hence, the decreases in P and HL 
directly reflected the fact that antibodies to measles virus bound 
to measles virus determinants expressed on the cell surface. 

P protein is a phosphorylated protein’ and we next studied 
the incorporation of **P into this protein during antibody 
modulation. Figure 2 shows a densitometer scan of immune 
precipitates obtained from cells labelled with “P and 
autoradiographed. In unmodulated cells, P, NC and M poly- 
peptides all incorporated *’P, indicating that these three measles 
virus structural proteins are phosphorylated. Comparatively, in 
modulated cells, only trace amounts of P were incorporated 
into P polypeptides while an enhancement of ™%P was 
incorporated by the M protein. No difference in incorporation of 
32D was noted for NCs studied in modulated and unmodulated 
cells. Labelling studies with “P and "S studies were run 
concurrently (Figs 1 and 2). Changes in the phosphorylation of 
M protein might alter NC recognition and alignment at the 
plasma membrane, thereby inhibiting viral maturation. Such 
alterations in phosphorylation could change the migrational 
characteristics of M protein on PAGE and may explain, in part, 
the differences in migration of M protein reported by others with 
SSPE material’*’®. 

Thus our results show that specific antibody can bind to the 
surface of an infected cell and not only strip off surface viral 
determinants but also alter viral polypeptide(s) found inside the 
cell not associated with the plasma membrane. It is not clear 
whether there is a decrease in synthesis, increase in degradation, 
or alteration of the P protein structure that would render it 
non-antigenic or change its MRNA. Nevertheless, it is clear that 
antibodies to a specific virus determinant on the cell surface can 
send a signal transmembranally that alters cytoplasmic viral 
events. Furthermore, the P protein, or its analogue in other viral 
systems, seems to be associated with the transcriptive 
complex'”"'®, The sequence of events described here could lead 
to alterations of measles viral synthesis leading to persistent 
infection. 
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In utero sister chromatid exchange 
analysis for detection 
of transplacental mutagens 


FETAL exposure to agents which damage DNA can result in 
birth anomalies, cancer and inherited abnormalities. In the 
present report we describe a new approach for the detection of 
fetal DNA damage through the enumeration of sister chromatid 
exchanges (SCE) in mouse fetal chromosomes. SCE can be 
identified as reciprocal exchanges of fluorescent intensities 
betweeen sister chromatids in metaphase cells which have 
divided twice in the presence of bromodeoxyuride (BrdU) (Fig. 
1). Analysis of SCE has been shown to be a sensitive and 
reproducible means of detecting chemical mutagens and 
carcinogens’ ”. 

Differential chromatid staining of metaphase cells from 
maternal and fetal tissues was achieved when pregnant females 
were intravenously infused with BrdU for 24h at gestational 
days 11, 15 and 19. SCE frequencies were simultaneously 
studied in fetal cells as well as in maternal bone marrow. 
Baseline SCE frequencies in fetal cells were generally lower 
than in maternal cells, ranging from 2.4 to 3.6 SCE per second 
replication cycle cell, and these values did not change 
significantly as a function of gestational age (Table 1, Fig. 1b). 

To examine in utero SCE induction, three known mutagens 
(cyclophosphamide, CP; mitomycin C, MMC; adriamycin, 
ADM) were injected into pregnant females on day 13 of gesta- 
tion (Table 1, Fig. 1a). Drug concentrations were selected which 
would induce similar levels of SCE for each agent in maternal 
cells (approximately 20 SCE per cell”). These same drug doses 
resulted in varying levels of SCE induction in fetal cells. Cyclo- 
phosphamide administration resulted in similar SCE induction 
in fetal and maternal cells; MMC resulted in fetal SCE levels 
which were slightly lower than those in maternal cells, while fetal 
SCE induction with ADM was only one third that seen in 
maternal cells (but significantly higher than baseline levels). 

The doses of CP and MMC which resulted in a 5—10-fold 
increase in fetal SCE were well below the teratogenic doses for 
these drugs'’'? while ADM, which showed the weakest 
induction of fetal SCE, is not teratogenic’*. We therefore 
suggest that in utero SCE analysis should be used in addition to 
existing assays for screening fetal exposure to mutagens, 
carcinogens and teratogens which act at the level of DNA 
damage. In utero SCE analysis is relatively simple, rapid, 








Table 1 Baseline and mutagen-induced SCE frequencies in materal 
and fetal cells 
Gestational Drug? Bone 

day” (mg per kg) marrow? Embryos§ 
11 0 4.0+0.4 2.7+0.2 (4) 
15 0 3.2+0.4 2.4+0.3 (4) 
19 0) 4.82+0.5 3.6+0.6 (3) 
13 CP 10 23.4+1.1 27.0 + 1.4 (4) 

14-15 CP 10 22.0+1.4 25.0 + 1.2 (4) 
13 MMC | 18.2+0.9 14.2+1.1 (3) 
13 MMC 1 21.2+1.0 15.8+ 1.0 (3) 
13 ADM § 17.8+1.2 6.3+0.4 (4) 
13 ADM 5 17.6+0.9 6.5+0.4 (4) 


* In cases where a range of days are indicated, gestational age was 
estimated by examination of fetuses at the time of killing. 

+ Drugs were intravenously injected in a volume of 0.1 ml. 

t A minimum of 25 second replication cycle bone marrow cells were 
analysed for each mother. 

§ A minimum of 10 second replication cycle cells were analysed for 
each fetus. Values in brackets indicate the number of fetuses analysed. 
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Fig.1 Photomicrographs of mouse fetal chromosomes. b, Second 
replication cycle cell showing baseline level of SCE; a, second 
replication cycle cell showing cyclophosphamide induced level of 
SCE. Two to four month-old female CS7BL/6J mice (Jackson) 
were mated with male mice of the same age and strain. Gestational 
age was determined by counting the number of days after obser- 
vation of vaginal plugs or by examination of fetuses at the time of 
killing. Pregnant mice were infused according to our previously 
described techniques at 50 mg per kg wt per h (refs 8, 15). After 
23h of intravenous infusion, mice. were injected with 2.5 ug 
demecolcine (Colcemid, GIBCO) and killed 1 h later. Those mice 
treated with mutagens (CP, Mead, Johnson; MMC, Sigma; ADM, 
Adria Labs) were injected intravenously 1 h after the onset of the 
infusion. After killing, the entire uterus was excised and individual 
fetuses incubated in 0.2% collagenase (GIBCO). Vigorous pipet- 
ting in Eagle's minimal essential medium (MEM) resulted in single 
cell suspensions of fetal tissues. Cells were isolated from maternal 
bone marrow as described previously”. Cell suspensions were 
then swollen in 0.07 M KCI, fixed (methanol/acetic acid, 3: 1) and 
dropped on to glass slides. Chromosome preparations were stained 
with 4'-6-diamidino-2-phenylindole (10 pg ml '. (ref. 16)) and 
chromosomal analyses were performed with a Zeiss photomicro- 
scope equipped with epi-illumination. 


= 


reproducible, requires small numbers of animals, allows simul- 
taneous examination of the effect of agents on fetal and maternal 
cells, and may be more sensitive than previously described 
techniques such as the micronucleus assay'* or measurement of 
chromosomal aberrations’. 
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The pair of central tubules 
rotates during 
ciliary beat in Paramecium 


UNLIKE the one-dimensional movement of striated muscle, the 
beat of a cilium is typically three dimensional’. Thus, the dynein 
arms, which are situated on the peripheral tubules around the 
circumference as well as longitudinally along the cilium, must be 
temporally coordinated in their actions. The mechanism for 
coordination is not known. The present study was undertaken to 
see whether the pair of central microtubules exhibits any syste- 
matic movement during the ciliary beat. We conclude that the 
central pair of tubules rotates anticlockwise 360° per beat cycle 
and that this rotation may regulate the dynein arms. Para- 
mecium cilia were used because: markers distinguish the two 
central tubules so that their orientation can be unambiguously 
determined; and the metachronal waves of cilia can be ‘instan- 
taneously fixed’ for the analysis of sequential phases of the beat. 

The force required for motion of cilia, eukaryotic flagella and 
sperm tails is generated by the dynein arms, which cause sliding 
of adjacent peripheral microtubule doublets**. The dynein 
arms have been shown to contain Mg**—ATPases*. The force 
generated by the arms can only cause the adjacent doublets to 
move tipward®. As the dynein arms are arranged in a ninefold 
radial symmetry, a force generated on one side will be cancelled 
by that on the opposite side. Thus, the physical arrangement 
necessitates a regulatory mechanism that allows some of the 
dynein arms to work while others do not. The central pair of the 
9 +2 microtubular structure is a candidate for at least part of this 
regulatory mechanism for severdl reasons. First, orientation of 
the central pair is correlated with beat direction. The central pair 
is orientated at right angles to the power stroke in a wide variety 
of metazoan cilia’*. Gibbons? noted that in the Protozoa 
Paramecium and Opalina, the central-pair orientation was not 
uniform. Tamm and Horridge” then showed that the orientation 
of the central pair was perpendicular to the direction of bending, 
even when the effective stroke direction was changed. Second, 
various Chlamydomonas mutants missing one or both of the 
central tubules or even some accessory components of the 
central-tubule complex are found to be paralysed’’. In these 
mutants, the dynein function, as assayed by peripheral micro- 
tubule sliding, remains normal'’. Third, studies have indicated 
some interactions between the radial spoke of the peripheral 
doublets and the projections from the central pair. It has been 
suggested that such interactions convert sliding to bending’’. 
When the radial spokes are deleted by mutations, the cilia are 
also paralysed’'°, 

As in Tetrahymena ‘’, the two central tubules in Paramecium 
can be distinguished by a 20-nm spur on one tubule (Fig. la). 
The two central tubules also terminate at different levels near 
the ciliary base (Fig. 15), as shown by Dute and Kung”. Using 
both of these morphological markers, we have examined the 
orientations of central pairs near the bases of cilia on serial 
sections of the Paramecium surface. We have examined 119 
central pairs in which both the insertion into the axosome and 
the 20-nm spur could be scored. A vast majority of these, 108 
central pairs, show that the tubule which is inserted into the 
axosome also bears the spur (Fig. la, b). Of the remaining 11 
cases, eight are ambiguous because different tubules were 
scored to have the spur in different serial sections. Only three 
cases show that the tubule with the spur is not inserted into the 
axosome. This observation makes the recent speculation by 
Hausmann and Fischer-Defoy”' that there is alternate sliding of 
central tubules unlikely, and also increases our confidence in 
tubule identification. Using the spur and/or the axosomal 
insertion as markers, a vector can be drawn from the tubule 
without a marker to the tubule with the marker(s). The angular 
changes of this vector can then be studied. 
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Fig. 1 a, Cross-section of a Paramecium cilium showing the 
20-nm spur (arrow), <44,850. b, The same cilium as in a in more 
proximal section showing the tubule with the spur entering the 
axosome. The axosome is seen as an electron dense material 
around the tubule in cross-section, 44,850. c, Scanning electron 
micrograph of an instantaneously fixed Paramecium showing 
metachronal waves (arrows), 552. Wild-type Paramecium 
tetraurelia, 51s, were grown in Cerophyl medium bacterised with 
Enterobacter aerogenes *. The cells were washed then fixed while 
swimming in 4 mM CaCl, 1 mM Tris-HCI! pH 7.2. An excess of 
instantaneous fixation solution (S. L. Tamm, personal com- 
munication) with final concentration of 2% OsO,, 2% glutaralde- 
hyde, 0.05 M Na-K phosphate pH 7.2 was pipetted on to cells and 
left at room temperature for 10-15 min. The cells were washed, 
post-fixed in 0.5% uranyl acetate and dehydrated through ethanol 
series. For scanning electron microscopy the cells were critical- 
point dried in 20-um mesh Nitex bags, put on stubs, coated with 
carbon-platinum and viewed on a JSM U3 scanning electron 
microscope. For transmission electron microscopy, cells were 
embedded in Epon-araldite'® or in Spurrs'’ and sectioned on a 
Reichert OmU3 ultramicrotome. The sections were stained either 
with 0.5% uranyl magnesium acetate then lead citrate” or 1% 
potassium permanganate’ then lead citrate*’. Serial sections were 
photographed on a Phillips 300 electron microscope then enlarged 
photographically before examination. 


Each beat cycle of the Paramecium cilia has a planar power 
stroke and a three-dimensional recovery stroke*’. The cilia of an 
actively swimming Paramecium do not all beat in synchrony. 
Adjacent cilia in certain directions are slightly out of phase so 
that metachronal waves (Fig. 1c) are propagated. These waves 
give us an opportunity to study ciliary beat. Cilia at the same 
phase of beat form a line of synchrony parallel to the direction of 
the power stroke. Perpendicular to this line of synchrony, and in 
the direction of wave propagation, cilia are in progressively 
earlier phases of the beat (Fig. 2). Cilia just before the power 
stroke are at the wave crests (position 1, Fig. 2). The wave 
troughs (position 2) are made by cilia at the beginning of their 
recovery stroke which comprises most of the wave (positions 
3-5). In Paramecia that have been ‘instantaneously fixed’, the 
waves are well preserved with cilia frozen in various phases of 
their beat (Fig. 1c). Our strategy has been to reconstruct the 
events during the ciliary beat cycle by examining the ultrastruc- 
ture and orientation of central pairs of cilia along the line of 
wave propagation. 

To examine the possible angular changes of the vector of the 
central pair, micrographs of the 20 to 30 serial sections near a 
Paramecium surface were traced, with cross-sections of all cilia 
outlined. The tubules with the spur and/or axosomal insertion 
were marked and the vectors drawn. Each cilium was numbered 
on each of the serial sections and the numbering was maintained 
through the series. An arbitrary line constant for all sections was 
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used to measure the angles of the vectors. The measured angles 
were grouped into nine 40° sectors. The classification of the 
angles into nine sectors is arbitrary but reflects the imprac- 
ticability of measuring the angles with greater accuracy. The 
angle and coordinates for each cilium from all the serial sections 
were compiled into one map. The angles measured from all the 
cilia in the sections are not constant but span all the nine possible 
sectors. The best-fit set of parallel lines through groups of cilia 
with the same sector angle was drawn using a computerised 
co-variance analysis. In the more distal sections of the series, 
cilia could be seen in various cross, glancing or longitudinal 
views, depending on the phases of their beats. A survey of the 
pattern of these images of cilia enabled us to estimate the lines of 
synchrony. We found that the lines of synchrony estimated by 
this method parallel the lines of best-fit drawn from the angular 
data. 

The orientation of each ciliary central pair near the base is 
plotted against its distance from a fixed computer-drawn line of 
synchrony (Fig. 3). Neighbouring cilia with central pairs in the 
same orientation are grouped (brackets in Fig. 3). In one typical 
case, shown in Fig. 3, the mean distance between neighbouring 
central pairs within groups is only 1.4+0.7 um (mean+s.d.; 
range 0-3.5 um), while the mean distance between groups of the 
same orientation is 6.7+ 1.2 um (range 6-12 pm). 

The central-pair orientation of cilia located along the 
perpendicular of the line of synchrony changes systematically in 
the anticlockwise direction (looking from tip to base) as one 
proceeds in the sequence of their beat cycle. This shift in 
orientation is continuous, with the exception of a few of the cilia 
in the cell in Fig. 3. The curvature of the Paramecium surface, 
the inaccuracy in aligning serial sections, the inability to score 
and include the vector for all the cilia and the imperfection of the 
metachronal waves themselves, all contribute to departure from 
the ideal. 

We can also estimate the approximate wavelengths using the 
more distal sections described above, where cilia are seen in 
various views depending on the phases of their beat. In the case 
shown in Fig. 3, the wavelength is between 7 and 12 um. This is 
similar to the distance of 6.7 + 1.2 um (range 6-12 um) between 
cilia having the same central-tubule orientation. Similar results 
have been obtained in four other Paramecia. 

In the opposite direction from wave propagation, cilia are 
frozen at phases of the temporal sequence of their beat (Fig. 2)”. 
For a Paramecium fixed during forward swimming, this direc- 
tion is from its anterior left to posterior right. Along this same 
direction we see that the central pairs rotate anticlockwise. 
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Fig. 2 Stylised diagram of metachronal waves of cilia on the 
surface of Paramecium. Phases of ciliary beat are numbered 1-5. 
The power stroke is from 1 to 2 and the recovery stroke from 2, 3, 
4, 5 back to 1. For a forward-swimming Paramecium, the power 
stroke is from anterior right to posterior left (refer to compass; A, 
anterior; L, left). This is also the direction of the lines of synchrony 
(dotted lines), along which cilia are at the same phase of their beat. 
Perpendicular to these lines of synchrony is the direction of wave 
propagation (broad arrow) which is opposite the direction of cilia at 

subsequent phases of their beat. 
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Fig. 3 Orientations of the central pairs plotted against the dis- 
tances of the cilia from a line of reference on the surface of 
Paramecium fixed during forward movement. The line of reference 
(dotted line of lower inset) parallels the lines of synchrony along 
which cilia are in the same phase of their beat (see text and Fig. 2). 
In forward swimming Paramecium this line is from its anterior (A) 
right to posterior left (L). The distances (d) are measured in um. 
The orientation of the central pair is represented by a vector drawn 
from the tubule without a spur to the one with (upper inset). The 
orientation is classified into nine categories as the vector falls into 
various 40° sectors. The sectors'are numbered clockwise (looking 
from tip to base) and arranged such that the vector parallels the line 
of reference at sector 9. Neighbouring cilia with the same central- 
pair orientation within half a wavelength independently estimated 
from more distal sections (see text) are grouped (vertical brackets). 
The line is drawn through cilia or groups of cilia of successively 
increasing distance (d) from the reference line. Note that, in 
general, the central-pair orientation is successively more clockwise 
as d increases. Five complete revolutions are seen. As d increases 
in the direction of wave propagation we encounter cilia frozen in 
successively earlier phases of the ciliary beat in this direction (see 
text and Fig. 2), and we conclude that the central pair rotates 
anticlockwise during the beat. 


Thus, one simple explanation is that each central pair rotates 
anticlockwise during the beat. Furtħermore, as the wavelength 
(estimated from distal sections) and the distance between groups 
of central tubules having the same orientation are similar, one 
may conclude that there is a 360° rotation with each beat cycle. 

As shown in Fig. 3, there are far more central pairs orientated 
at sectors 8, 9, 1, 2 than at sectors 4, 5, 6, 7. Such an uneven 
distribution may be related to the temporal asymmetry of the 
ciliary beat cycle, that is, far more time is spent in the recovery 
stroke than in the effective stroke. We are now in the process of 
correlating the orientations of the central pairs to specific phases 
of the beat cycle. 

An alternative interpretation of the data is that the central 
pair rotates in one direction for several sectors and then quickly 
rotates back, instead of continuously rotating in one direction. 
This would explain why few cilia orientate at certain sectors. 
However, the possibility is unlikely, as, without exception, the 
central-pair orientation of 27 individual cilia has been found to 
be progressively more anticlockwise when we examine the 
progressively more proximal sections of the same cilia. We have 
also examined 0.25-0.5 m-thick sections of Paramecium cilia 
under a high-voltage electron microscope and have found twists 
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in the central pairs. If the rotation of the central pair is generated 
at the proximal end, a twist may form and propagate distally 
along the cilium when the pair encounters some resistance along 
its length. 

Regardless of whether the rotation is continuous or dis- 
continuous, these results refer only to the proximal region of the 
central pairs. As we do not have markers on the peripheral 
tubules, we cannot determine their movement. Rotation of the 
whole axonemal assembly within which the central pair is fixed is 
not likely. Preliminary evidence from thick section high-voltage 
electron micrographs indicates that the assembly of the nine 
peripheral tubules also shows twists. However, the twist of the 
peripheral tubule assembly does not correlate with that of the 
central pair. Indeed, stereomicrographs of thick sections show 
that the twist of the central pair is opposite that of the peripheral 
tubule assembly in some portions of the cilia. 

The 360° rotation of the central pair might be unique to a 
certain class of cilia or, on the other hand, it might be a 
phenomenon common to many types of cilia with the 9+2 
structure. Variation in the orientation of the central pair has 
been reported. Satir’ noted differences of more than 90° in the 
orientation of the central pair in active cilia from Elliptio gill 
fixed instantaneously. In Opalina Tamm and Horridge’ repor- 
ted that the orientation of the central pair is always at right 
angles to the direction of bending and that this orientation shifts 
- by almost 90° at the trailing edge of the metachronal wave crests. 
As neither study used cilia with distinguishable central tubules, 
the angle variation observed is a minimal estimate. 

We propose a model in which the central pair regulates the 
sliding of peripheral tubules. In this model, the rotation of the 
central pair acts as a distributor to signal peripheral tubule 
activity in sequence. This signal may be transmitted to the 
peripheral doublets through the radial spokes. The rotation of 
the central pair may generate the twist and cause its helical 
propagation towards the tip. This model would predict that the 
period of bend propagation is identical to the period of rotation. 
Observations with high-speed cinematography by Jarosch and 
Fuchs? of the flagellar motion in Synura are consistent with this 
prediction. This model may also provide the physical basis for 
the helical propagation of force-generating sites along the cilium 
postulated by Hiramoto and Baba*”. The model can be tested by 
first showing a rotation of the central pair independent of 
peripheral tubule sliding. This may be done by using cilia whose 
dynein has been chemically inhibited or genetically removed. 
The model can be further tested by correlating the central-pair 
orientation with local dynein ATPase activation or cross-bridge 
formation. 

We thank Drs C. Allen, H. Ris, D. Nelson, Y. Satow, M. 
Forte, T. Linn, K.-Y. Ling, Y. Saimi, C. Schobert and C. 
Shusterman for critical reading of the manuscript and Dr Sidney 
Tamm for use of his laboratory facility at the beginning of this 
work and help throughout the study. This work was supported in 
part by NIH grant GM-22714 and NSF grant BNS77-20440 to 
C.K. 
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Increased incidence of abnormal 
nasal cilia in 
patients with retinitis pigmentosa 


RETINITIS PIGMENTOSA (RP) is the name given to a group of 
inherited eye disorders of unknown aetiology, whose symptoms 
are loss of night vision and constriction of the field of vision. The 
conditions are progressive and eventually in some cases blind- 
ness occurs’, Although there are certain syndromes which 
include RP, for example, the Laurence~-Moon-Biedl’, or 
Cockayne’s syndrome’, in most cases the disease is considered 
to be localised to the eye. However, a high incidence of deafness 
has always been associated with RP'* and Massof and Finkle- 
stein (personal communication) have found that at least 15% of 
their cases have inner ear deafness not associated with pres- 
byacusis or acoustic trauma. As the outer limbs of photorecep- 
tors are modified cilia? and the sensory epithelium of the inner 
ear is derived from ciliated epithelium, we wondered whether 
RP might be associated with a more general defect of ciliated 
structures. Accordingly we examined samples of nasal mucosa 
from 11 patients with RP and report here an increased incidence 
of cilia with abnormal axonemal microtubular structures, and 
also of compound cilia. Although our patient sample was small, 
it was heterogeneous and our findings may therefore apply to 
patients of different genetic type. If, as seems plausible, the 
ciliary abnormalities are related to the disease process in the eye, 
nasal mucosa would offer an accessible source of human 
material for the study of basic pathological processes in photo- 
receptors. 

All our patients had been investigated at the Retinal, Genetic, 
and Electrodiagnostic Clinics of Moorfields Eye Hospital. Six of 
the cases had been called ‘Usher’s syndrome’ (autosomal reces- 
sive RP with deafness‘) although in some cases the deafness was 
not profound, or was of very early onset. In two cases, the 
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Table 1 Relative numbers of abnormal axonemal patterns in patients 
and normal controls 





Controls (N = 11) RP patients (N = 11) 


9+2 9+2 

& Others & Others 
9+0 ‘Tips’ (abnormal) 9+0 ‘Tips’ (abnormal) 
254 6 13* 219 3 59* 





The absence of the central two singlet microtubules (9 +0) implies 
that the section was made near the base of the cilium, and is not an 
indication of abnormality. Likewise, sections through the tips of the cilia 
(‘Tips’, counted in separate column) show single microtubules sym- 
metrically arranged about part or all of the circumference of the cilium. 
In the controls, between 0 and 19% of abnormalities were seen in 
various individuals: in the patients, the range was between 6 and 37%. 
See Table 2 for statistics. 

*y? = 31.77, highly significant. 
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Fig. 1 Transmission electron micrographs of normal and abnor- 

mal axonemes of cilia in transverse section. n, Normal 9+2 

arrangement. a-g, Abnormal arrangements of microtubules, all 
from RP patients. Scale bar, 0.25 um. 


inheritance was autosomal dominant: these patients did not 
complain of deafness and audiometry has not been carried out. 
In three patients, the RP seemed to be ‘sporadic’ and associated 
with deafness. In one of these deafness was inherited dominantly 
but the propositus was the only member of the family with RP. 
On this basis, and considering the nature of the disease in each 
patient, we classify the cases as eight recessive and three 
dominant. The 11 controls were reasonably well matched for sex 
and age. Samples of mucosa were taken from the inferior 
turbinate of the nose under either local anaesthesia (in RP 
patients and four of the controls) or general anaesthesia (the 
remainder of the controls). The tissue was immediately pinned 
flat on a piece of cork, with the ciliated surface uppermost, and 
placed in Karnovsky fixative to which 2 mmol of MgSO, had 
been added to improve the visibility of the dynein arms’. After 
overnight fixation, the tissue was washed in buffer and postfixed 
in osmium tetroxide, followed by block staining with uranyl 
acetate. Tissue was dehydrated, mounted in ‘Araldite’ and 
sectioned. Sections were stained with uranyl acetate and lead 
citrate, and examined in a Phillips 201 electron microscope. 

Electron micrographs of transverse sections of cilia were 
taken at a final magnification ut 65,000-180,000. Only those 
cilia in which a microtubular pattern was clearly seen were 
counted. In some cases in which there were few precisely 
transverse sections of cilia, the gonioscopic stage was used to 
ensure that circular outlines were obtained. 

In normal human material there are few departures from the 
classic 9+ 2 arrangement of the axonemal microtubules (Fig. 1, 
n). The abnormalities we saw in the patients’ material consist of 
both increases (Fig. 1, a and b), decreases (Fig. 1, c-g) and 
irregular arrangements of the doublets (Fig. 1, a and b). There 
may also be displacement of the two central singlet microtubules 
(Fig. 1f). In one outline (not shown) we found five single 
microtubules centrally in the axoneme. Using the most 
conservative criteria, we find > 20% of cilia from our patients to 
be abnormal, compared to 3% from the controls (Table 1). 





Table 2 Percentage of abnormal axonemal structures 





Normal subjects p 
N x s.e.m. 
11 3.55% 0.84% 
(Subgroup with no nasal abnormality) 
5 3.21% 2.5% 
RP patients 
11 22.84% 3.84% 
(Subgroup with dominant inheritance) 
3 23.73% 4.8% 
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Table 3 Compound cilia 
Control RP 
group patients 
No. of persons with no nasal abnor- 5 7 
mality 
a Total length of section examined 607 um 734 um 
b Length of ciliated cell 
mean 6.6 7.3 
range 4.4-7.7 5.0-10.1 
c Cilia/cell 
mean 70 89 
range 36-125 23-113 
d Estimated no. of cilia in sample 6,396 12,068 
e No. of compound cilia in sample 0 39 
f Proportion of compound cilia 
X 0 0.86% 
s.e.m. — 0.32% 


21 (from simple average), 
55 (from value of X) 
13-96 (+2 s.e.m.'s) 


g Expected no. of compound cilia 
in control group 





For each patient, several micrographs (x 10,800) of ciliated epi- 
thelium were examined, of length shown in a. The length of that single 
cell associated with the largest number of transverse sections of cilia b 
was then measured. We counted the number of these cilia c. From a and 
b we calculate the number of cells in the sample, and hence the number 
of cilia in the sample d. This method overestimates the number of cilia. 
The total number of compound cilia associated with the entire sample is 
given in e. For each patient we were able to detefmine the proportion of 
compound cilia, f, and thus obtain the s.e.m., which should be normally 
distributed. Hence we can make predictions g about the number of 
compound cilia we expect to see in the control group, on the assumption 
that the differences between the two columns are solely due to sampling. 
The predictions and the experimental result are so different that we can 
reject this hypothesis. 


Both dominant and recessivé cases showed the abnormality 
(Table 2). One patient with autosomal recessive disease had only 
6% abnormal axonemes (and other abnormalities, see below). 
We do not yet know whether this is a sampling error, or whether 
recessive RP patients fall into more than one group. Though the 
mean values given in Table 2 show that normal subjects and 
patients fall into separate groups, we cannot tell from this 
preliminary survey what the population ranges may be. 

Large structures containing many sets of microtubules were 
seen in many of our patients. Although the incidence of such 
compound cilia was low (~ 0.3%) the appearances were bizarre 
and striking (Fig. 2). 

Compound cilia occur in the olfactory system of some fish 
and in patients with upper respiratory tract infections and 
allergies (B.F., in preparation). We have therefore excluded 
from our sample any control or RP patient who had evidence of 
such conditions. This reduced the number of the control group 
to five, three of whose tissue was obtained during the course of 
operation for deviated nasal septum, and two healthy volun- 
teers. Four of the RP patients were excluded on the same 
grounds. No compound cilia were seen in the normal material, 
but 39 were counted in the sections made from the RP patients’ 
mucosa, in five of the seven cases. The Fisher exact probability 
that this result could occur by chance is very low, P = 0.026. 
However, there are very few compound cilia, even in our 
patients, and we have therefore attempted more detailed 
morphometry, as described in Table 3, which shows that the 
patients have normal sized ciliated cells, and that the total 
number of cilia is not reduced. Although the incidence of 
compound cilia is small, given the length of ciliated epithelium 
examined, there is only a very small probability that the patients 
and normal material could be drawn from the same population. 
In one of the two patients in whom we saw no compound cilia, a 
large sample was obtained, and, using the data from Table 3, we 
calculate that we should have seen 10 compound cilia, if the 
incidence was the same in this patient as in the remainder. It is 
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thus possible that RP patients do not form a uniform population 
so far as the incidence of compound cilia is concerned. 

Apart from deafness, 10 of our cases of RP have difficulties 
with balance. In one further case (not reported here) we have 
found abnormalities of the cilia of the uterine tube. Moreover, in 
Cockayne’s syndrome, there is an unexplained predisposition to 
respiratory infection which could be due to a cilial defect”. The 
defects of cilia in our patients may be generalised and the loss of 
photoreceptors could be due to the same basic cause. However, 
there is evidence that the pigment epithelium, and not the rods, 
is defective in some animal retinal dystrophies and perhaps in 
some patients”’®. In this connection it seems possible that RP 
patients do not form a homogeneous group, and one or other or 
both of the defects shown in Figs 1 and 2 may be absent. This 
would be important in efforts to subdivide the group of diseases 
called retinitis pigmentosa, and to assess the number and 
frequency of abnormal genes'''*. Our results do not show 
immediately how the abnormality detected could produce RP. 
The growth of rod disks, or the provision of metabolites for the 
rod outer segments may be associated with the disposition of 
microtubules in the narrow ciliary neck. The biochemistry of 
cilia and outer limbs is strikingly similar in many ways’*"'’; and 
thus cilia may form a useful model for the inaccessible pho- 
toreceptors. Research into RP has been handicapped by the lack 
of normal human ocular tissue, and the almost complete absence 
of suitable human pathological material’*. In contrast, it should 
be possible to obtain large quantities of normal and abnormal 
human cilia fairly easily. 


oF Fats: 
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Fig.2 a, Transmission electron micrograph showing longitudinal 
sections through compound cilia, from a patient with dominantly 
inherited RP. Scale bar, 1 um. b, Transmission electron micro- 
graph of compound cilium in transverse section. Note the 7 micro- 
tubular patterns with a 9+ 2 arrangement. The single axoneme at 
‘11 o'clock’ has an additional peripheral microtubule. (RP patient, 
autosomal recessive inheritance.) Scale bar, 0.25 um. 
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Note added in proof: We have recently investigated three 
patients with X-linked disease. All have ~40% abnormal 
axonemes, but two are females, in whom retinal functional 
defects are mild'''*°, implying that the degree of abnormality 
of photoreceptors and cilia is not necessarily the same. 
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Membrane fluidity of a fatty acid 
auxotroph grown with palmitic acid 


HOMEOVISCOUS adaptation, whereby the fatty acid composi- 
tion and unsaturation of complex lipid bilayers in membranes 
may be adjusted to maintain fluidity irrespective of growth 
temperature, has been demonstrated for Escherichia coli’, 
Acholeplasma laidlawii? and Bacillus stearothermophilus’. 
Even at high temperatures, a minimum amount of unsaturated 
fatty acid is required for growth of an E. coli auxotroph’, and 
generally, for A. /aidlawii B, at least half the lipids must be in the 
fluid or disordered state to allow normal growth’. Unlike the 
fatty acid auxotrophs of E. coli and A. laidlawii used in previous 
investigations of membrane fluidity**”, a fatty acid auxotrophic 
Butyrivibrio sp. (strain $2) isolated from the ovine rumen was 
found to be unable to synthesise long-chain fatty acids and 
incorporated palmitic acid, without desaturation, into lipids of 
the plasmalogen type partially as a new long-chain dicarboxylic 
acid’, This gave an opportunity to study the lipid composition of 
a microorganism with a defined fatty acid availability, and also to 
study the state of fluidity of its membranes in the complete 
absence of acyl chain unsaturation. We report here a study of 
membrane lipid fluidity in Butyrivibrio S2 using the electron spin 
resonance (ESR) probe 5-doxylstearic acid. Considerable rigi- 
dity of hydrocarbon chains is demonstrated but a phase change 
or structural reorganisation occurs at the lowest temperature, 
allowing optimal growth of the organism. 

After incorporation of [1-'*C]palmitic acid into Butyrivibrio 
S2 the long-chain “C-labelled hydrophobic moieties produced 
by methanolysis of the complex bacterial lipids (Table 1) consis- 
ted of: (1) about 7% cetyl alcohol; (2) some 40% of the dimethyl 
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Increase in culture turbidity {Aaso} in 24h 





Fig. 1 a, Temperature dependence of maximum hyperfine split- 
ting (27, ,) for 5-doxylstearic acid incorporated into whole cells (O) 
or extracted lipids ((@) of Butyrivibrio $2 and the relationship 
between growth temperature and the increase in culture turbidity 
(A) in 24h. b, Temperature dependence of maximum hyperfine 
splitting (27,,) for 5-doxylstearic acid incorporated into multi- 
lamellar structures of dipalmitoyllecithin. The gel straight line is a 
least squares fit to the experimental data. The discontinuities at 
33.5 and 41°C are consistent with the pre- and main transition 
temperatures reported previously’*. 5-Doxylstearic acid was 
mixed with the extracted bacterial lipids or dipalmitoylecithin in 
chicroform methanol (2: 1 v/v) in the molar ratio of ~1: 300. The 
mixed lipid was readily dispersed in DO by a method described 
previously'>. In spin-label experiments using whole cells, residual 
cysteine from the growth medium which could destroy the nitrox- 
ide radical’’'®, was removed by washing the cells four times with 
0.1 M phosphate buffer, pH 7.4. The 5-doxylstearic acid (0.5-1% 
of the calculated dry weight of lipid in the cells, assuming an 
average molecular weight of 1,500) was dried down from chloro- 
form/methanol (2: 1 v/v) solution in a round-bottom flask and the 
dry film was incubated with the cell suspension with shaking for 
1S min. ESR measurements were carried out with a Varian 
E 104A (X band) spectrometer equipped with a variable tempera- 
ture accessory (41° heating rate 20°C h7'). Samples were 
contained in 0.1 mi glass or quartz capillaries accommodated 
within standard 4mm quartz ESR tubes. Bacterial growth was 
determined turbidimetrically (Agsq). 


ester of a new type of long-chain dicarboxylic acid which had 
been formed in the bacterium by a dehydrogenation conden- 
sation reaction involving two palmitic acid molecules, and has 
recently been identified as 15,16-dimethyltriacontan-1,30-dioic 
acid (diabolic acid); (3) 41-42% of long-chain aldehyde (as the 
dimethylacetal derived from plasmalogen), consisting pre- 
dominately of palmitaldehyde but with a little stearaldehyde; 
and (4) a smaller long-chain fatty acid methyl ester component 
(9-11%) consisting largely of palmitic acid but with a trace of 
stearic acid. The complex lipids also contained appreciable 
quantities of esterified but unlabelled butyric acid. 

As with only palmitic acid available for growth, no unsatura- 
tion or cyclopropane moieties occur in the hydrophobic chains 
of Butyrivibrio $2, the bacterium possesses no fatty acid desat- 
urase system. Furthermore, as the organism cannot synthesise 
long-chain fatty acid”®, it is likely that the low concentrations of 
stearic acid and stearaldehyde present are derived from trace 
impurities of stearic acid in the palmitic acid or other medium 
components. No radioactivity was detected in the stearic acid 
when the organism was grown in the presence of [1-'*C]palmitic 
acid, indicating that it had not been formed by chain elongation. 

The fluidity of the organism’s membranes and the lipids 
extracted from them was examined by ESR using the probe 
5-doxylstearic acid(N-oxyi-4',4'-dimethyloxazolidine deriva- 
tive of 5-ketostearic acid, 1(12, 3); Synvar). At all temperatures 
examined the spectra of the spin label present in either whole 
cells or the lipid dispersion were typical for highly anisotropic 
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motion. Table 2 shows a comparison of the published values of 
the maximum hyperfine splitting 27,, for 5-doxylstearic acid 
bound to various cell membranes at temperatures between 15 
and 25 °C; it is clear that Butyrivibrio S2 grown with a palmitic 
acid supplement shows a degree of order in its membrane 
matched only by the rigid, specialised purple membrane of 
Halobacterium spp. At the growth temperature of the organism 
(39 °C) the maximum hyperfine splitting was 2T,, = 55.5 G (Fig. 
la), a value similar to that observed with the same label in 
dipalmitoyllecithin bilayers below the T, (in the gel phase) (Fig. 
15), in which the hydrocarbon chains are packed in an orderly 
crystalline lattice. 

The temperature dependence of the maximum hyperfine 
splitting (2 T11) of the spectrum of 5-doxylstearic acid bound to 
whole cells was compared with that obtained when the same 
label was incorporated into the lipids extracted from such cells. 
Plots of 27, against the reciprocal of absolute temperature (Fig. 
la) showed discontinuities at 34.5 °C for the whole cells and 
35.5 °C for the extracted lipids, indicating some type of phase 
change or structural reorganisation in membrane lipids. This 
temperature coincided with the lowest temperature at which 
optimal growth occurred in a palmitate-supplemented medium 
(Fig. la). The single break in the Arrhenius plot (Fig. 1a) 
probably reflects the relative simplicity of the lipid hydrocarbon 
chains, which exhibit little variation in chain length, and no 
unsaturation or cyclopropane substitution as is usually seen in 
bacterial lipids. Clearly this latter heterogeneity in the fatty acid 
chains is unnecessary for bacterial growth, a conclusion also 
recently reached by Silvius and McElhaney’, using A. laidlawii 
B grown in the presence of antilipogenic agents. 

It is significant that the break in the Arrhenius plot (Fig. 1a) 
coincides with the minimum temperature that allows optimal 
growth in a palmitate-supplemented medium. What are the 
structural changes that occur in the lipid bilayer at that 
temperature and are apparently necessary for membrane viabil- 
ity and vigorous growth of Butyrivibrio S2? The membrane 
lipids of Butyrivibrio S2 possess no unsaturation except the viayl 
ether unsaturation in the plasmalogen chains. However, there is 
little evidence that plasmalogen when substituted for acyl chains 
can increase the fluidity of lipid bilayers?”°. 





Table 1 Long-chain hydrophobic moieties present in Butyrivibrio $2 
grown with a palmitic acid supplement 





Hydrophobic % Present 
moieties produced Structure Expt 1 Expt 2 
Alcohol C16:0 6.77 6.00 
Diabolic acid 
dimethyl ester (C16:0), 41.03 37.99 
Dimethylacetal C16:0 40.15 41.46 
C18 <0 2.65 2.45 
Fatty acid 
methyl ester C16:0 8.91 11.06 
C18:0 0.48 1.33 





Butyrivibrio $2, an obligate anaerobe, was cultured in a virtually fatty 
acid-free liquid medium containing 0.4%" (w/v) galactose, as described 
previously® (medium 3). The palmitic acid (30 pg mi™*, and in some 
experiments [1-'*C]labelled) required to promote growth was dispersed 
in this medium with the aid of sodium taurocholate (300 pg ml~') except 
where extracted lipids or washed cells were to be used for ESR experi- 
ments, when a growth-limiting concentration of fatty acid (20 pg mi~’) 
was dispersed in the medium by ultrasonication. Cultures were inocu- 
lated with 5% (by vol) inoculum, grown to maximum turbidity in the 
same medium, and were incubated at 39 °C for 16-18 h. Bacterial cells 
were collected by centrifugation (20,000g; 20 min) and lipids were 
extracted and analysed®. The complex lipids were hydrolysed with 5% 
(w/v) HCI in methanol (90°C; 2h) which converted ary esterified 
long-chain carboxylic acids into their methyl esters and long-chain 
aldehydes (plasmalogens) into dimethylacetals while any alcohols were 
liberated as such. Quantification of the hydrophobic moieties was 
carried out by radioactivity measurements after TLC® and the chain 
lengths present were determined by GLC. 
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Table 2 Maximum hyperfine splitting 27,, of 5-doxylstearic acid spin 
label bound to various cell membranes 


aren TUT SUNT Pe TESTIS Aaahhh arn tre Or aren ANA aa ee ee apaan 


Temperature 
Membrane system (CC) 2T; (G) Reference 
Human erythrocytes 23 55-60 17,18 
Human lymphocytes 23 53.7 17 
L cells 23 54.7 17 
Sarcoplasmic reticulum 22 53.8 19 
vesicles 
E. coli membrane vesicles 20 56.7 20 
Brush border membrane 23 60 Hauser, H., 
vesicles unpublished 
Beef heart mitochondria 23 55.6 
Mycoplasma laidlawii 
membranes 15 58.0 21 
(cells 
grown 
at 15°C) 
membranes 15 62.5 
(cells 
grown 
at 37°C) 
Halobacterium halobium 
(purple membrane) 15 63.7 
20 63.0 22 
25 62.0 
Buryrivibria $2 15 65.0 Present 
work 
20 63.0 
25 61.0 


There are two possible ways in which some limited degree of 
hydrocarbon chain motion could occur in the lipid bilayer. First, 
it has been shown here and previously’! that many of the 
complex glycolipids and phospholipids produced by members of 
the genus Butyrivibrio contain at least one esterified butyroyl 
group per molecule. Such short fatty acid chains are likely to 
increase the fluidity of a lipid bilayer. Second, the long-chain 
dicarboxylic acid (diabolic acid) occurring as an integral 
esterified part of the membrane’s phospholipid contains two 
vicinal methyl groups substituted in the centre of the methylene 
chain’. Such methyl groups are again likely to perturb the 
orderly packing of the hydrocarbon chain in much the same way 
that anteiso methyl branched fatty acid molecules pack less 
readily and consequently have a much lower capillary melting 
point than their straight-chain or isobranched homologues” ??. 
Indeed, the melting point of 41 °C observed’ for the dimethy! 
ester of the diabolic acid 


POH CHICH)aCO2 Mer : 


` 


isolated from palmitic acid grown Butyrivibrio S2 cells is much 
less than that predicted from the melting points of the homolo- 
gous series of straight-chain dicarboxylic acid diesters. To a 
certain extent the role of the diabolic acid could be equivalent to 
that believed to be played by the high levels of anteiso branched 
fatty acyl groups found in psychrophilic microorganisms when 
compared with their closely related mesophilic counterparts’”. 
These acids, together with the greater percentage of unsaturated 
fatty acyl chains, help to maintain membrane fluidity at the 
lower growth temperature of the pyschrophilic organisms. 
However, this fluidising effect of the vicinal methyl groups in 
diabolic acid might be partly counterbalanced by the very long 
hydrocarbon chain which may span the membrane bilayer thus 
reducing the cooperative lipid motion. 

We believe that the present naturally-occurring auxotroph 
has survived in the rumen through its ability to make use of the 
abundance of saturated fatty acid (both palmitic and stearic acid) 
and trans octadecenoic acid formed by biohydrogenation 
occurring in this environment. When grown on palmitic acid, the 
bacterium incorporates this fatty acid exclusively into the lipid 
part of its membranes, resulting in a very rigid membrane 
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structure as indicated by the large hyperfine splitting (Table 2). 
Although Butyrivibrio S2 has no capacity to shorten chains or 
desaturate the fatty acids available from the environment or 
convert these into a cyclopropane form, it may nevertheless 
decrease the rigidity of its lipid bilayers by: (1) introducing 
butyroyl groups produced by the fermentation of hexoses, and 
(2) introducing anteiso-type branching by a novel type of 
condensation reaction between two palmitic acid chains. These 
structural features are probably responsible for some kind of 
molecular motion in the lipid bilayer, which, though rather 
restricted, is sufficient to maintain the functions of the 
membrane at growth temperatures above 34°C. The ESR 
measurements indicate that the membranes of the organism 
have a tightly packed, highly ordered lipid bilayer even at the 
physiological growth temperature of 39 °C. This suggests that in 
Butyrivibrio $2 a more limited degree of hydrocarbon chain 
motion is required for membrane viability than has been found 
in other bacteria. 
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Cholesterol modulates activity 
of calcium-dependent 
ATPase of the sarcoplasmic reticulum 


BIOMEMBRANES consist of an asymmetric lipid bilayer matrix 
into which and around which the various proteins are situated. 
The proteins may be attached to the outside of the lipid bilayer 
(extrinsic proteins), but in many cases the proteins (intrinsic 
proteins) are embedded within, and can span, the bilayer. 
Associated with this is the idea that in many cases the lipid 
matrix is in a fluid condition in which the lipids are essentially 
above their transition temperature (7.) and able to diffuse along 
the bilayer length. The perturbation introduced into the lipid 
bilayer by the presence of an intrinsic protein has recently been 
discussed*’*. Some workers** have suggested that intrinsic pro- 
teins, for example the Ca’*-ATPase of the sarcoplasmic reticu- 
lum, carry with them, even when excess bulk fluid lipid occurs, a 
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M, cholesterol:phospholipid 





Incubation time (h) 


Fig. 1 Change in the ratio of cholesterol to phospholipid in SR 
membranes during incubation in the presence of cholesterol-rich 
liposomes. SR vesicles (1.5 mg protein ml~') were incubated in the 
absence of liposomes (©), with 1 mg dipalmitoyllecithin-cholesterol per 
ml (©), or 2 mg dipalmitoyllecithin-cholestero} per m! (@) in a medium 
consisting of 0.1 M KCI, 5 mM histidine buffer pH 7.4 100 U mI”! 
penicillin-G and 100 wg m!’ streptomycin sulphate. The incubations 
were performed in siliconised flasks gassed with nitrogen and shaken 
gently in a water bath maintained at 20°C. 


shell of immobilised lipid, referred to as an annulus, which 
controls the enzyme activity. The shell is said to exclude choles- 
terol so that cholesterol molecules do not influence the enzyme 
activity. We report here the use of cholesterol-enriched 
liposomes to reversibly vary the content of cholesterol in the 
sarcoplasmic membranes. We show in contrast to the previous 
work that as the cholesterol content of the membrane varies so 
does the activity of the Ca**-ATPase. 

Sarcoplasmic reticulum Ca**-ATPase is an example of an 
intrinsic protein where a single lipid shell of some 30 lipid 
molecules is bound relatively tightly to the protein. This 
immobilised layer or annulus is assumed to co-exist with and to 
be separate from the bulk lipid. The intrinsic protein is then 
envisaged to exist as a protein~lipid complex undergoing rota- 
tional and lateral diffusion within the remaining fluid lipid 
bilayer*. This has led to the suggestion that a similar situation 
occurs with a major class of other membrane proteins®. Methods 
of changing the cholesterol content of biomembrane systems in 
vitro have now been developed. Incubation of cholesterol-rich 
liposomes with a variety of cells and subcellular organelles has 
been shown to cause a rapid exchange of the sterol and there is a 


Enzyme activity (IU) 
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M, cholesterol:phospholipid 
Fig.2 Ca**-dependent ATPase activity of SR as a function of the ratio 


of phospholipid to cholesterol in the membrane. Enzyme assays were 
performed as described in the text. 
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net transfer of cholesterol on creation of a concentration 
gradient’*. We have exploited this system to alter the choles- 
terol content of sarcoplasmic reticulum (SR) by incubating 
membrane vesicles with cholesterol-rich liposomes. The effect 
of introducing cholesterol on the activity of Ca?*-dependent 
ATPase in the natural biomembrane system was examined. 

SR isolated from rabbit hind leg muscle has a relatively simple 
protein and lipid composition”. More than 60% of the total 
membrane protein is Ca**-dependent ATPase which is respon- 
sible for pumping Ca** from the sarcoplasm into the cysternae of 
the SR during the recovery phase leading to muscle relaxation. 
Calcium uptake by SR vesicles has been shown to be stoi- 
chiometrically coupled to ATP hydrolysis''’*. The membrane- 
bound enzyme has a molecular weight of about 110,000 and it is 
partly interpolated into the lipid bilayer”. 

Preliminary experiments investigated the rate and extent of 
cholesterol incorporation into SR vesicles. SR, prepared by the 
method of Martonosi et al.'* and further purified by sucrose 
density gradient centrifugation’’, was incubated with choles- 
terol-rich liposomes. These were prepared by co-lyophilising 
dipalmitoyllecithin and cholesterol (molar ratio (M,), 1:2) from 
benzene: methanol 95:5 (v/v) and then sonicating the mixture in 
a sealed vessel under nitrogen for 12 min at 30°C in distilled 
water. After sonication, the liposome suspensions were centri- 
fuged at 50,000g for 60 min to remove undispersed lipid and 
titanium dislodged from the sonicator probe. Aliquots of the 
incubation mixture were removed at appropriate time intervals 
and cholesterol-rich liposomes were separated from SR vesicles 
by the following procedure. The suspension was diluted with 2 
vol. 0.1 M KCI, 5 mM histidine buffer pH 7.4, and centrifuged 
for 30 min at 50,000g. The membrane fraction sedimenting as a 
pellet was resuspended in 20% (w/v) sucrose buffered to pH 7.4 
with 5 mM histidine and layered at the interface between 27% 
sucrose, 5 mM histidine, pH 7.4 and 0.1 M KCI, 5 mM histidine, 
pH 7.4. Centrifugation of the gradient for 2h at 100,000g 
seperates any remaining cholesterol-rich liposomes. These band 
at the interface of 0.1 M KCI and 20% sucrose layers and the SR 
is recovered as a pellet at the bottom of the gradient. 

Figure 1 shows changes in the M, of cholesterol : phospholipid 
in the purified membrane fractions during incubation with 
cholesterol-rich liposomes. Cholesterol was extracted from the 
SR by the method of Rose and Oklander’® after saponification 
of the lipid, and assayed by quantitative gas chromatography 
using an internal standard of cholestane. The amount of choles- 
terol transferred to the membranes can be seen to vary both with 
the concentration of cholesterol-rich liposomes and with 
incubation time. No loss of phospholipid’’ or protein'® from the 
SR could be detected and there was no incorporation of dipal- 
mitoyllecithin (Table 1) into the membrane as judged from the 
pattern of fatty acid methyl esters separated by gas chroma- 
tography”. In separate control experiments, membrane vesicles 
were incubated with pure dipalmitoyllecithin liposomes which, 
in contrast to cholesterol-rich liposomes, could not be separated 
from the SR by the method described. Fusion of the cholesterol- 
rich liposomes with the membrane is excluded on the basis of 
freeze-fracture electron microscopy which shows two distinct 
populations of vesicles, one with, prominent intramembrane 
particles, believed to represent intrinsic protein of the SR, and 
the other devoid of particles, presumably the phospholipid 
liposomes. Adhesion of liposomes to the vesicles did not effect 
Ca°*-ATPase throughout the 7-h incubation. 

The relationship between Ca**-dependent ATPase activity 
and the cholesterol content of the SR membrane is shown in Fig. 
2. Calcitum-dependent ATPase activities were measured at 
32°C in the presence of an ATP regenerating enzyme system. 
The assay medium consisted of 0.1 M triethanolamine buffer pH 
7.4, 0.1 M KCI, 5 mM MgCl, 0.5 mM EGTA, 3 mM Mg-ATP, 
1.25mM_ phosphoenolpyruvate, 0.2 mM NADH, pyruvate 
kinase (20 IU) and lactate dehydrogenase (20 IU) in a total 
volume of 3 ml. The SR was preincubated in the assay medium 
for at least 10 min and the Ca**-independent ATPase activity 
determined: Ca**-dependent ATPase was then measured 








540 Nature Vol. 279 7 June 1979 
Table 1 Analysis of SR vesicles before and after incubation 
Concentrations of 
CRL in incubation 
medium Incubation Protein concentration Phospholipid Protein/phosphilipid 
Sample (mg ml!) time (h) (mg mi™!) mg ml") ratio 
SR Vesicles, 0) 0 1.51+0.02 1.07 + 0.02 1.41 +0.02 
control T 1.48 +0.03 1.05 +0.02 1.41 +0.03 
SR cholesterol | 0 1.49+0.02 1,05+0.01 1.42 +0.02 
supplemented 1 7 1.48 + 0.03 1.06+ 0.02 1.40+0.03 
SR cholesterol 2 0 1.50+0.02 1.07+0.02 1.40+0.02 
supplemented 2 7 1.48 +0.02 1.05 +0.02 1.41 +0.02 
Analysis of major fatty acids (% total) 
16: alde 16:0 18:0 18:1 18:2 18:3 20:4 
SR control 0 7 4.00.3 27.740.5 12.840.3 19.540.5 24.5406 3.1+0.3 840.5 
SR cholesterol 2 7 4.10.3 27.640.6 13.1+04 19.5+0.4 248406 2.8+03 8420.5 


supplemented 





Values given are mean +s.e.m. for four samples. CRL, cholesterol-rich liposomes. 


following addition of CaCl, to give a final assay concentration of 
0.55 mM. The rate of oxidation of NADH was monitored on a 
recording spectrophotometer. 

It can be seen that Ca’*-stimulated enzyme activity is 
decreased in direct proportion to the cholesterol content of the 
membrane over the range examined. Cholesterol is known to 
restrict the motion of disordered fatty acyl chains of pure 
phospholipid dispersions or phospholipids in biological 
membranes*’*’. This results in a reduction in enthalpy of the 
lipid thermotropic phase transition and a decrease in fluidity of 
membranes at temperatures above the phase transition 
temperature. Recent physical studies of SR membranes using 
high angle X-ray diffraction, NMR spectroscopy and calori- 
metric techniques have suggested that the lipids are all in a 
liquid—crystalline state???’ above 10°C. The effect of choles- 
terol on Ca°* -dependent ATPase is therefore consistent with an 
effect on the fluidity of the SR membrane. 


M, cholesterol: phospholipid 
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Fig. 3 Restoration of Ca’*-ATPase activity on removal of added 
cholesterol. SR (1.5 mg protein per ml) was incubated in the presence of 
2 mg dipalmitoyllecithin-cholesterol per mi for 3 h followed by incuba- 
tion with 1 mg of egg-yolk lecithin per ml for 3 h (@), or in the absence of 
liposomes (©). a, Cholesterol content of the membranes at intervals 
during incubation; 6, corresponding Ca**-ATPase activities. 


To investigate this further and to discount the possibility that 
cholesterol interacts directly with the enzyme to cause an irre- 
versible loss of activity, cholesterol was removed from choles- 
terol-supplemented membranes. Figure 3 shows results for a 
membrane preparation incubated with  cholesterol-rich 
liposomes and subsequently with liposomes of egg-yolk lecithin 
to partially re-extract the incorporated cholesterol. 

Qualitatively similar results were obtained when SR was 
incubated with lower liposome concentrations (1 mg ml’). 
Removal of cholesterol from the SR membranes results in a 
corresponding recovery of Ca’*-dependent ATPase activity. 
This confirms that cholesterol does not irreversibly inactivate 
the enzyme and that the presence of cholesterol in the 
membrane causes a modulation of the Ca’*-ATPase activity. 
The only interpretation possible for these results is that if an 
annulus as envisaged by Warren et al.° does exist around this 
protein then cholesterol is not excluded. This is in contrast to the 
conclusion of these workers. 

The existence of such an annulus has been recently ques- 
tioned. Studies have shown that almost full enzymatic activity 
can be recovered after replacing virtually all of the membrane 
phospholipids with suitable detergents”. Furthermore, bio- 
chemical?’ and biophysical evidence (for example °H NMR and 
ESR spectroscopy)”* is considered to be inconsistent with the 
assumptions inherent in the annulus concept. 
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ATP induces nucleotide 
permeability in rat mast cells 


ATP IS one of several agonists which stimulate Ca**-dependent 
exocytotic degranulation of mast cells, causing the release of 
histamine and other mediators of immediate hypersensitivity’. 
The concentration-effect relationship of ATP on mast cells is 
characterised by the sharp onset of self-inhibition as the 
concentration is raised above the optimum for histamine 
secretion’. We have previously shown that stimulation of mast 
cells with IgE-directed ligands (antigen, concanavalin A), chy- 
motrypsin and compound 48/80 is accompanied by an increased 
turnover of phosphatidylinositol’ similar to that observed for 
Ca**-mediated responses in other tissues®. At concentrations of 
ATP which cause inhibition we have observed a reduction in 
phosphatidylinositol turnover to less than control levels 
(unpublished results). We show here that the inhibition by ATP 
is correlated with an extensive leakage of phosphorylated 
metabolites from the cells. 

The effective agonist form of ATP is ATP” (refs 3, 4); that is, 
the ATP which remains unbound to the divalent cations Mg?* 
and Ca**, which are normal components of physiological salt 
solutions. Optimal concentration for ATP -mediated secretion 
is about 3 pM. With ATP*” applied at 5 uM, inhibition of 
secretion due to itself* or other ligands is almost total’ and a 
parallel inhibition of glycolytic metabolism has also been 
observed". Rat peritoneal mast cells were preincubated with 
**P-phosphate, washed free of external radioactivity and 
purified to better than 95% homogeneity (see Fig. 1 legend). 
When we applied ATP to these cells at a concentration optimal 
for secretion (Fig. la) (at which ATP*” was calculated to be 
2.9 uM), we found that there was an increased efflux of 7’P- 
labelled material from the cells (Fig. 1b). As the concentration 
of free ATP was raised to 8.6 uM, histamine secretion was 
prevented (Fig. la) but the loss of **P-labelled material 
increased (Fig. 1b). ATP applied to the cells at concentrations 
below the optimum for secretion had only a small effect on the 
loss of label (Fig. la, b). 

We separated the extracellular material into three fractions by 
passage through activated carbon (to separate nucleotides)’ and 
by extraction into isopropylacetate, after formation of the 
phosphomolybdate complex to separate inorganic phosphate 
from organic phosphates (probably phosphorylated inter- 
mediates of glycolytic metabolism)'®. Figure 2 shows the 
appearance of radioactivity in these three fractions as functions 
of ATP concentration and time. 
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At low concentrations (1.4 uM free ATP, sub-optimal for 
secretion) the labelled material appearing outside the cells is 
entirely in the form of inorganic phosphate. As the concen- 
tration of free ATP is raised through 2.9 uM (optimal for 
secretion) to 8.6 uM (inhibitory) the rate of loss of inorganic 
phosphate from the cells increases, but in these conditions a 
considerable loss of nucleotides and other **P-labelled material 
also occurs. This loss of metabolites is not a consequence of 
exocytotic degranulation, as extensive histamine secretion due 
to application of compound 48/80 is not accompanied by the 
appearance of labelled metabolites in the extracellular medium. 

Loss of metabolites on this scale would be quite sufficient to 
account for the inhibitory effects of externally applied ATP on 
glycolysis" and the ATP-induced phosphatidylinositol response. 
Exogenous ATP is known to permit the leakage of intracellular 
anions (including nucleotides) from some transformed (but not 
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Fig. 1 a, Time course of histamine secretion from purified rat 
peritoneal mast cells, induced by various concentrations of ATP. b, 
Time course of ATP-induced loss of **P-labelled metabolites from 
mast cells. Rat peritoneal cells were obtained by peritoneal lavage 
and suspended in 2 ml of a balanced salt solution (composition 
previously described”). The mixed cells were loaded with 32P-PO, 
(100 uCi mi’, carrier-free) by incubation at 37°C for 2h. The 
mast cells were then isolated from the extracellular ° *P-PO, and 
purified to >95% homogeneity by centrifugation (400g, 15 min) 
through a cushion of Ficoll (30%) as described elsewhere’. The 
purified mast cells were then washed twice by centrifugation and 
suspended in the balanced salt solution at 5 x 10° cells per ml. The 
cells were incubated at 37°C with concentrations of ATP as 
indicated. At various times 250 ul were removed and quenched 
into 1 ml of ice-cold saline. After centrifugation at 4°C (400g, 
5 min) samples of supernatant were removed for measurement of 
radioactivity and of histamine (method as previously described’). 
Both the total and free ATP concentrations are indicated; free 
ATP concentrations were calculated from equilibrium considera- 
tions with Kima arp) = 10°°* and Kica arp = 10° (ref. 4). ATP 
concentration (uM) (total/free): ©, 0/0; MB, 50/1.4; a, 100/2.9; 
@, 300/8.6. 
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untransformed) cell lines'', but we stress that this effect of ATP 
occurs at concentrations more than two orders of magnitude 
above that which causes leakage of metabolites from mast cells. 
The effect on mast cells shows specificity for ATP; 2-deoxy ATP 
showed a small effect when applied at 500 uM (total concen- 
tration), and CTP, GTP, ADP, adenosine and the synthetic ATP 
analogue, adenylylimidodiphosphate, were without effect when 
applied at 1 mM (total); they did not prevent the action of ATP. 

The affinity of the ATP receptor on mast cells is of the order of 
10°lmol™' but this might be modulated by the presence of 
divalent cations. In the absence of divalent cations nucleotide 
loss from mast cells began with ATP*” applied at 1 uM and was 
maximal with ATP*” at 3 M, conditions which permit only the 
loss of inorganic phosphate in the presence of Mg*” and Ca** 
(see Fig. 2). The divalent cations which were present in our 
experiments to act as buffers for the ATP and to permit secretion 
may thus additionally confer protection on the cells against the 
detrimental effects of ATP. We cannot say whether the ATP 
receptor responsible for enhanced anion permeability is the 
same as that which stimulates phosphatidylinositol turnover, 
Ca** and Na’ fluxes’” and histamine secretion. The enhanced 
permeability does not extend to macromolecules (leakage of 
lactate dehydrogenase was less than 5% ) and is in no sense lytic. 

Perhaps the most interesting observation is the graded 
response to molecules of increasing molecular weight as the 
concentration of ATP applied to the cells is increased. Thus, free 
ATP at 1.4 uM enhances the permeability of the mast cells only 
to inorganic phosphate, which increases as the concentration of 
free ATP is raised to 2.9 uM. It is only above this level that sugar 
phosphates and nucleotides begin to appear. This indicates that 
as the concentration of external ATP is raised, a change occurs 
in the filtration properties of the anion channels through which 
the intracellular metabolites emerge. One possibility 1s the 
successive involvement of channels of different specificity; 
alternatively, it would result from variation in the dimensions of 
a single channel type. A possible mechanism would involve 
channel formation by the aggregation of transmembrane 
monomeric units in the manner which has been discussed with 
respect to the channels formed by the polyene antibiotics’* and 
alamethicin'*. In the latter case it has been argued that en- 
largement of pre-formed channels occurs by the recruitment of 
additional monomers into the oligomeric conducting unit. The 
conductivity of the junctional membrane channels of 
Chironomus salivary gland varies inversely with the concen- 
tration of intracellular Ca** (ref. 15) and this correlates with 
variation in the size exclusion limits for transfer of a series of 
fluorescent dyes between neighbouring cells’®. In this case, too, 
it has been suggested that the variable filtration characteristics 
could arise from alterations in effective channel size. 
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Fig. 2 Time course of 
ATP-induced loss of 
inorganic phosphate (a), 
non-nucleotide organic 
phosphates (such as sugar 
phosphates) (b), and 
nucleotides (c), from 
prelabelled mast cells. After 
incubation for various times 
in the presence of ATP, the 
supernatants were collected 
as described in Fig. 1, and 
samples fractionated as 
described in the text. Free 
ATP concentration (uM): 
©, 8.6; A, 2.9; W, 1.4; O, 0. 
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Choline transport is not 
coupled to acetylcholine synthesis 


IT has been proposed'’™ that choline transport, particularly that 
performed by the so-called high-affinity system, is obligatorily 
coupled to acetylcholine synthesis and therefore only choline 
that has just entered by the transport mechanism is acetylated. If 
this were so it would imply that the enzyme choline acetyl- 
transferase is bound close to the transport sites on the 
membrane. The problem is important because of its implications 
for the molecular organisation of the synapse and also because 
subcellular fractionation studies** show fairly clearly that, at the 
ionic strengths prevailing inside the cell, choline acetyl- 
transferase is soluble and not bound to the plasma or synaptic 
vesicle membrane (as would be expected if the hypothesis of 
obligatory coupling is true). The evidence for this is indirect and 
relies on the finding that the half-maximal concentration for 
acetylation of choline and its analogues in situ approximates 
more nearly to the half-maximal concentration of their transport 
than of their acetylation bv the isolated enzyme’. However, this 
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Specific activity of external *H-choline (uCi umol ~?) 


Fig. 1 Utilisation of external choline for ACh synthesis. Synap- 
tosomes were preincubated as described in the text with 8 uM 
'“C-glucose (304 pCi jzmol”') and then washed and incubated for 
10 min with different concentrations (@, 0.2 uM; A, 0.8 pM; E, 
10 uM) of choline at various specific activities. Dashed line shows 
theoretical 100% curve. Each point is the result of separate 
incubation. Y, Incubation carried out in 24mM K* which 
depolarises and causes ACh release. Ordinate, specific activity of 
the “H-ACh synthesised during the 10 min incubation with “H- 
choline. ‘*C-ACh present in synaptosomes just before the addition 
of the pulse was 533 + 56 d.p.m. per mg (s.e.m., n = 10) and rose to 
917+ 28 d.p.m. per mg (s.e.m., n = 20) during the 10-min choline 
pulse. 


need only imply a coupling between transport and synthesis if 
the latter is rate controlling, and from a survey® of the rates of 
release and synthesis of acetylcholine (ACh) it seems that the 
activity of choline acetyltransferase is in considerable excess of 
normal requirements, Certain exceptions to the obligatory 
coupling of transport and synthesis have been noted but these 
involve synthetic analogues of choline’ or unusual prepara- 
tions”’. Reduction of the acetyl-CoA levels reduces ACh 
concentrations without a concomitant reduction in choline 
transport” but neither this nor the previous studies exclude the 
possibility that the residual ACh synthesis remains coupled; that 
is, obligatorily dependent on choline that has just been trans- 
ported across the membrane. We describe here an experiment 
which we believe demonstrates that choline that has been 
recently transported has no privileged access to choline acetyl- 
transferase in the synaptic terminal. Instead it mixes with the 
pre-existing pool of choline and therefore there is no coupling 
between transport and synthesis. 

The principle of the experiment is that if there was obligatory 
coupling only choline originally outside the synaptic terminal 
would be acetylated. If, therefore, the terminals are exposed to 
pulses of choline of different specific *H-radioactivities, the 
specific activity of the choline moiety of ACh synthesised inside 
the terminal during the pulse should be exactly that of the 
choline to which the terminals were exposed. Quantitatively, a 
plot of the specific activity of the recently synthesised ACh 
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against the specific activity of the choline pulse will have a slope 
numerically equivalent to its contribution towards ACh 
synthesis. This will be unity if coupling is obligatory, and will 
decrease as the contribution of the transported choline to the 
total amount of choline utilised decreases. _ 

To distinguish recently synthesised ACh from pre-existing 
stores and estimate its specific radioactivity, acetyl CoA was 
labelled by pre-incubation of synaptosomes with '*C-glucose. 
The specific '*C radioactivity of the ACh synthesised during the 
*H-choline pulse will be identical to the specific “*C radioactivity 
of the acetyl CoA during the period of the pulse. As specific 
activities are ratios of radioactivity to moles the denominators 
cancel and the specific °H radioactivity of the recently 
synthesised ACh is given by the ratio of °H- to “C-labelled ACh 
synthesised during the pulse, multiplied by the specific "C 
radioactivity of the acetyl CoA. 

Nerve terminals from cerebral cortex (synaptosomes) were 
used because although they are heterogenous with respect to the 
transmitter, their metabolic characteristics are understood 
better than alternative preparations of cholinergic synap- 
tosomes. The characteristics of carrier-mediated choline trans- 
port in these particles compare favourable with that in intact 
tissues’. The synaptosomes were isolated by conventional pro- - 
cedures, introduced into and washed twice with a physiological 
saline containing 180 mM NaCl, 3 mM KCl, 2 mM CaCL, 2 mM 
MgCl, and 8mM NaPi (pH 7.2) but without glucose. '*C- 
glucose (8.2 uM, 304 uCi umol™>) was then added and the 
synaptosomes incubated at 37 °C for 60 min to label the acetyl 
CoA. The low concentration of glucose was used to achieve a 
satisfactory incorporation of radioactivity into acetyl CoA with 
reasonable economy of isotope. Some experiments were carried 
out at a glucose concentration of 0.5 mM with similar results. 
These and a comparison of the uptake of *H-choline and con- 
version to “H-ACh at higher glucose concentrations are given in 
Table 1. 

After the incubation an aliquot of the suspension was taken to 
determine the initial value of ‘“C-ACh. The *H-choline pulse 
was then added so that the final concentrations of choline were 
0.2, 0.8 and 10 uM and at each concentration there were three 
different specific activities in the range 50-10,000 pCi pmol”. 
After 10 min the synaptosomes were sedimented by a rapid (5-s) 
centrifugation in a Janetski centrifuge and the washed pellets 
taken for analysis. °H and '*C radioactivities in ACh were 
determined after extraction and thin layer chromatography”. 
The specific radioactivity of the '“C-acetyl CoA was measured 
after trichloroacetic acid extraction by removing the choline 
with two washes of sodium tetraphenylboron (10 mg ml) in 
vinyl acetonitrile and then allowing the acetyl CoA to acetylate 
enzymatically radioactive *H-choline of known specific activity 
using the choline acetylase of a brain acetone powder. The 


Fable 1 Utilisation of external choline for acetylcholine synthesis in various conditions 
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Influx of 
Choline Glucose *H-choline 
concentration concentration in 10 min 
(uM) (mM) {pmol per mg) 
0.2 0.008 
0.2 0.5 7.6 
0.2 10.0 8.0 
0.5 0.5 
0.5 (depolarising medium) 0.5 
0.5 10.0 16.0 
0.8 0,008 
0.8 (depolarising medium) 0.008 
10 0.008 
10 0.5 79 
10 10.0 90 





Synthesis of 





Fractional Influx of *H-choline 


“H-ACh utilisation of in 10 min expressed 
in 10 min external choline as a fraction of 
(pmol per mg) +s.e.m. (nm) total endogenous choline 
2.0 0.013 
2.0 0.031 + 0.06 (4) 0.02 
4.9 
5.5 0.039 + 0.001 (4) 
0.048 
9.5 0.05 
0.029 
0.038 
36 0.360 
50 0.485 +0.029 (4) 0.2 
$1 
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The influx of *H-choline and synthesis of “H-ACh were measured at the various choline and glucose concentrations in separate experiments * and 
are expressed as pmol per mg synaptosomal protein. The fractional utilisation of external choline was calculated from the slopes of plots made as in Fig. 
i. In the last column the influx of choline in 10 min is expressed as fraction of the total synaptosomal content of endogenous choline determined in 


separate experiments t as 400 pmol per mg synaptosomal protein. 
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specific ‘“C radioactivity of the synaptosomal acetyl CoA was 
2.2 „Ci pmol” and it did not change significantly during the 
pulse. 

The results for a typical experiment are shown in Fig. 1. As 
expected the points fall on straight lines passing through the 
origin. Duplicate data show reasonable agreement. Incubating 
the synaptosomes in a depolarising medium’? so that they 
released ACh had little effect. The slopes are much less than 
unity at choline concentrations of 0.2-0.8 uM, but increase to 
about 0.5 at choline concentrations of 10 uM. This means that 
for the synthesis of ACh there is a substantial dilution of the 
external choline by the choline pre-existing in the terminal, and 
therefore there does not seem to be any coupling of transport to 
synthesis. Furthermore as the choline concentration was 
increased out of the ‘high-affinity’ range the slopes increased, 
indicating a greater utilisation of external choline. This is the 
opposite to what would be expected if the high-affinity uptake 
alone was coupled to ACh synthesis, as at higher choline 
concentrations its effect would be swamped by the low-affinity 
uptake. In fact the utilisation of external choline agrees tolerably 
well with the contribution of influx to the total synaptosomal 
choline pool, as can be seen from the summary of results in 
column 6 of Table 1. 

Synaptosomes derived from cerebral cortex are not all chol- 
inergic but this will not affect our results as non-cholinergic 
synaptosomes do not synthesise ACh and will therefore not have 
contributed to the data. We have considered the possibility that 
efflux of choline from the synaptosomes was diluting the °H- 
choline in the medium. Choline efflux was measured and 
although some dilution occurred the qualitative aspects of the 
experiment were preserved. The uptake of *H-choline and its 
conversion to °>H-ACh are slightly but not markedly reduced 
(Table 1, columns 3 and 4) by the low concentrations of glucose 
used in this study. It could be argued that, even though these are 
relatively unaffected by low glucose concentrations, there might 
be interference with other aspects of synaptosomal functioning 
that indirectly affect the results. However, the overall pattern of 
the coupling is maintained at a glucose concentration differing 
by 20-fold (that is from 8 pM to 0.5 mM) so it seems reasonable 
to suppose that this pattern will be preserved at the 2-10-fold 
higher concentration of glucose conventionally used. 

Although these experiments were not designed to demon- 
strate the existence or otherwise of high-affinity transport 
systems specifically associated with cholinergic synapto- 
somes'*"'® they do not support this notion. If there was such a 
system it would follow that the proportional utilisation of 
external choline at low concentrations would exceed the utilisa- 
tion at high concentrations. The reverse is the case; moreover 
the contribution of transport (measured over the whole popu- 
lation) to the total synaptosomal choline pool is in reasonable 
agreement with its contribution to ACh synthesis in cholinergic 
synaptosomes. High-affinity uptake, if it exists, makes only a 
minor contribution to the synthesis of the transmitter. 
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Effects of catecholamines, ATP and 
ionophore A23187 on 

potassium and calcium 

movements in isolated hepatocytes 


IN addition to their well known effects on hepatic gluconeo- 
genesis and glycogenolysis, adrenaline and noradrenaline cause 
a transient net loss of potassium from the liver of many species’. 
Studies with guinea pig and rabbit liver slices have shown this to 
be a consequence of a predominantly a -adrenoceptor-mediated 
increase in the potassium permeability (Px) of the hepatocyte 
membrane*~. It has recently become possible to isolate hepa- 
tocytes in high yield and with cation levels and metabolic 
capabilities superior to those of slices, and approaching that of 
the intact tissue’. We have now confirmed that the effects of 
catecholamines on potassium movement can be shown with such 
cells, and we have obtained evidence to support the suggestion 
that the potassium loss which follows a -adrenoceptor activation 
in guinea pig liver cells is a consequence of an increase in 
potassium permeability triggered by a rise in intracellular cal- 
cium. The mechanism can be blocked by quinine, as in human 
erythrocytes’? and barnacle photoreceptors”. 

Haylett* first raised the possibility that the increase in Px in 
liver cells is a consequence of a rise in the concentration of 
calcium ions in the cytosol (see also refs 6, 7). Evidence for the 
two processes envisaged in this proposal, an effect of a-recep- 
tors on intracellular calcium, and control of Px by cytosolic 
calcium, has been obtained in various tissues including salivary 
and lacrimal glands®’'*. On such a scheme we could expect the 
divalent cation ionophore A23187 to initiate potassium loss by 
increasing cytosolic calcium, and hence Px. This was tested with 
hepatocytes isolated by Seglen’s method'*''* from the liver of 
male Hartley guinea-pigs (220-300 g). The cells were equili- 
brated at 37°C for 30-60 min in Eagle’s medium" (Wellcome) 
containing (mM): NaCl, 116; KCl, 5.4; CaCl, 1.8; MgSO,, 
0.81; NaH2POx,, 0.96; NaHCOs, 25, and (mg 1t); amino acids, 
805; vitamins, 8.1; glucose, 1,000; L-glutamine, 292; phenol 
red, 10. This was supplemented with 2% albumin (fraction V, 
Sigma). The pH was maintained at 7.4 by circulating 5% CO, in 
O, above the cell suspension which was shaken at 120 strokes 
per min. In some experiments (including those with ““Ca), 
samples of the suspension were filtered to eliminate the largest 
clumps of cells and then centrifuged at 50g for 2 min. The cell 
pellet was resuspended either in normal Eagle’s medium or in a 
low-Ca, low-Mg variant (Ca, 0.1 mM; Mg, 0.05 mM) sometimes 
containing *°Ca (0.2 pCi ml”) but without albumin. The viabil- 
ity of the cells was checked before and after each experiment by 
their ability to exclude Trypan blue (4%). By this test between 
80 and 85% of the cells were viable at the time when drugs were 
applied. 

Figure 1 shows that A23187 caused a rapid loss of potassium 
from the isolated cells, as did the a-agonists amidephrine’*”’, 
phenylephrine (not illustrated) and noradrenaline. ATP was 
also found to be effective. This is in keeping with the earlier 
observation’? that ATP hyperpolarises cells in guinea pig liver 
slices, presumably by increasing Px. The potassium loss was not 
associated with a change in cell viability. It was greatest with 
A23187, reaching a maximum of 23+2% (s.e., n = 8) of the 
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initial cell content (about 290 mmol per kg dry weight) within 
1 min when the ionophore was applied at 40-80 umol per litre 
of cells, corresponding to an added concentration of 1 uM. With 
maximal doses of ATP and noradrenaline (100 and 5 uM 
respectively) the loss was 10% with each agent, again within 
about a minute. This is of the same order (8%) as seen on 
exposing guinea pig liver slices to 1 M noradrenaline”. The 
response to the selective a-agonist amidephrine was somewhat 
variable, ranging from 7% to as little as 1% in a few prep- 
arations. 

The next experiments were prompted by the finding of 
Armando-Hardy et al.’” that in erythrocytes the influence of 
cytosolic calcium on Px is inhibited by quinine. A similar effect 
has been observed in barnacle photoreceptors’’. We might then 
expect this agent to reduce the effectiveness of the ionophore 
and of the other agents in inducing K loss from liver cells. Figure 
la shows that this is so; the responses to noradrenaline and 
amidephrine were also inhibited to a comparable extent. The 
possibility that quinine was acting by interfering with the pri- 
mary actions of the ionophore (and, by implication, of the other 
agents causing potassium loss) was tested by examining the 
effect of quinine on the “Ca movements brought about by 
A23187. The technique used was based on that described for 
erythrocytes by Ferreira and Lew”, and is described in Fig. 2. 
This illustrates the effect of A23187 on the *°Ca content of cells 
equilibrated with the tracer for 30-40 min, long enough to allow 
most of the cytosolic calcium to exchange”. When the external 
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Fig. 1 a, Application of A23187 (5 uM, about $ x the dose for 
maximum effect), ATP (100 uM), noradrenaline (NOR; 5 uM in 
the presence of propranolol at 5 pM), and of the selective a-agonist 
(~)amidephrine (AM 10 M) causes isolated guinea pig hepato- 
cytes to lose potassium. The movement of K between the cells and 
the incubation medium (Ca, 1.8 mM; Mg, 0.81 mM) was followed 
by means of a K-sensitive electrode’’ in the cell suspension (which 
contained ~50 mg cells in 2 ml, and was stirred). A downward 
deflection indicates an increase in K concentration, corresponding 
to K loss from the cells: in this experiment, the loss in response to 
A23187 amounted to 19% of the total cell content. b, Quinine 
(1 mM, applied in 20 ul ethanol, 5 min previously) greatly reduces 
the K loss initiated by A23187 and by ATP: control responses are 
from the same batch of cells. 
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Fig. 2 Effect of A23187 on the “°Ca content (nmol per mg dry 
weight) of guinea pig hepatocytes at two calcium concentrations (a, 
100 uM, b and c, 1.8 mM). “Ca was included in the suspension 
fluid from zero time onwards. At the times indicated by the points, 
100 ui samples of the cell suspension were placed in 1.5 ml 
Eppendorf tubes containing 300 yl of n-butylphthalate and 200- 
800 pl of ‘washing medium’. This contained NaCl (160 mM), 
EGTA-NaOH (2 mM, at pH 7.4, to remove extracellularly bound 
*5Ca) and *H-inulin, and was maintained at 0-1 °C. Each sample 
was immediately centrifuged at 12,000g (Eppendorf centrifuge, 
Model 5412). The supernatant and the oil were sucked off, and the 

ellet of cells homogenised in 100 wl distilled water. “Ca and 
H-inulin were measured by liquid scintillation counting. The 
amount of labelled inulin gave an estimate of the extracellular fluid 
trapped in the pellet, and this was used to calculate the * Ca 
content of the cells. A23187 was added (at I) in 20-70 ul absolute 
alcohol to 15 ml of the cell suspensions. (Final A23187 concen- 
trations: a, 10 uM, 690 umol per litre of cells; b and c, 2.7 uM, 
82 umol per litre of cells.) b And c are from the same experiment: 
in c, quinine was added in 15 ul ethanol to a final concentration of 
1 mM. Note that quinine does not alter the first two phases of the 

*°Ca movement caused by the ionophore. 


calcium concentration was 1.8 mM (Fig. 2b), the ionophore first 
caused the *°Ca content of the cells to increase. This occurred 
during the initial 15-60 s and was probably a consequence of a 
net calcium influx generated by the ionophore. A period of 
calcium extrusion then followed, during which the **Ca content 
fell to below the pre-ionophore level. This second phase has 
already been reported for rat liver cells”, as well as for several 
other tissues “8, and has been attributed to the extrusion from 
the cells of *°Ca released from intracellular stores which in 
spermatozoa have been localised to the mitochondria’”®. In 
keeping with the idea that internal stores are concerned in liver 
cells, this phase (and the effect on potassium loss) was unaffected 
when the external calcium was reduced to 100 uM (Fig. 2a). 
However, the initial increase in *°Ca could then no longer be 
distinguished, even when the concentration of ionophore was 
drastically increased (see Fig. 2a). This was presumably because 
the initial influx of calcium initiated by the ionophore was much 
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smaller. In high external calcium a third phase of *°Ca re- 
accumulation was evident 10-30 min after the ionophore was 
applied. It was quite variable in both rate and magnitude and will 
not be discussed here since it occurs at a time when the potas- 
sium movements were largely complete. 

Figure 2c shows that quinine at the same concentration as 
had greatly reduced the effects on potassium loss did not inter- 
fere with the first two phases of the action of A23187 on calcium 
exchange. Thus inhibition by quinine of the potassium move- 
ment must occur at a later stage, and would seem to be due either 
to uncoupling of the mechanism by which Px is influenced by 
intracellular calcium, or to blockade of the potassium channels. 

A surprising additional observation was that the rapid phase 
of potassium loss so evident on treating guinea pig hepatocytes 
with A23187, ATP and a-agonists was lacking in rat liver cells 
prepared in exactly the same way. With the rat cells A23187 
caused a slow loss of potassium which became appreciable only 
after several minutes, that is, at a time when the rapid release 
from guinea pig cells was almost complete. This was not because 
of a reduced effectiveness of the ionophore since the effect of 
A23187 on calcium exchange was as great in rat as in guinea pig 
cells. These findings suggest that the calcium-sensitive potas- 
sium channel present in guinea pig liver cells (and, by impli- 
cation, in those of the toad, rabbit, cat and dog, all of which show 
hyperkalaemia with adrenaline) is either lacking in rat hepato- 
cytes, or exceptionally insensitive to calcium. That a species 
difference exists in this regard has been suspected’, although it 
is surprising that it should be so striking. 
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Enhancement of Ca spikes in 
nerve cells of adult mammals 
during neurite growth in tissue culture 


GENERATION of Na and Ca spikes in various types of verte- 
brate nerve cells’ indicates that both Na and Ca channels are 
generally involved in inducing action potentials in their cell 
bodies. Although it has been suggested that these ionic channels 
may change their configuration in the plasma membrane, in 
particular during degeneration of nerve cells“ or during growth 
of axons associated with ontogenetic differentiation’™', no 
systematic or quantitative study has been reported. We have 
recently established a technique to obtain primary culture of 
nerve cells of mature mammals'”’'*, and have also developed a 
technique to compare membrane capability of carrying inward 
Na and Ca currents among nerve cells of various ages in the cell 
culture. We report here that the capability of membranes to 
carry Ca currents, as represented by the maximum rate of rise 
(MRR) of a Ca spike, is enhanced during a particular period of 
the cell culture, whereas there is no significant change in Na 
currents. This may be explained as an increase in number of the 
Ca channels or as a change in conformation of the Ca channels, 
associated, in part, with neurite outgrowth. As we used nerve 
cells which had fully differentiated in the host bodies, the 
possibility of an effect due to ontogenetic differentiation in the 
tissue culture condition’? can be excluded. The present 
finding also demonstrates another aspect of nerve cell 
membrane that ionic channel molecules, especially the Ca 
channels, can alter their features rather flexibly in the plasma 
membrane. 

Dorsal root ganglia (Th,, to Ls) were dissected from adult 
guinea pigs (200-300 g body weight) in a sterile condition, and 
their nerve cells were dissociated by vibrating the ganglia in 
collagenase-containing Gey’s medium. The nerve cells were 
collected by weak centrifugation, 1,500 r.p.m. for 5 min. The 
nerve cells thus obtained (Fig. 1a) were incubated at 37°C in 
collagen-coated 3-cm diameter plastic dishes (Nunc, approxi- 
mately one ganglion per dish) with the tissue culture medium 
and with sterile air containing 5% CO. The tissue culture 
medium contained 75% Eagle’s minimum essential medium 
(Microbiologial Associates), 15% horse serum (Microbiological 
Associates) inactivated by heat (60 °C for 1 h), 9% chick embryo 
extract and 1% penicillin—streptomycin solution (Flow). The 
medium was changed two or three times a week. So as to obtain 
steady and compatible cell culture, we carefully kept the cell 
culture condition uniform, in particular by using the same lot 
number of dishes, collagen, drugs and some medium com- 
ponents?" . 

During the incubation, the nerve cells became attached to the 
bottom of the dishes in a few hours and then began to extend 
their neurites gradually in several directions (Fig. 1b). Active 
growth of the neurites was seen (Fig. 1c) during the first week of 
cell culture. After about 1 week in the cell culture, fibroblasts 
began to grow rapidly in number, and occupied most of the 
available areas of the bottom of the dishes in a few weeks; thus it 
often became difficult to see the neurites under the phase 
contrast microscope. The nerve cells, however, survived in the 
cell culture for more than 2 months’? **. 

The nerve cell soma was penetrated carefully by a glass 
microelectrode (20-30 mQ, filled with 3 M KCI solution) under 
direct view by inverted phase contrast microscope. Action 
potentials were elicited in the nerve cells by intracellular passage 
of current through the recording microelectrode; the membrane 
potential was determined using a Wheatstone bridge balance. 
The MRR of the action potential, which was presumed to be 
proportional to a transient inward membrane current”, was 
measured using an electronic differentiator. The electrophy- 
siological study was done at room temperature, 26-28 °C; pH of 
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Fig. 1 Growth of dorsal root ganglion cells of adult guinea pigs in 

cell culture. a, A nerve cell immediately after being dissociated 

from a ganglion by collagenase treatment. b, A nerve cell after 2 

days in cell culture. Neurite outgrowth is seen in several directions. 

c, Nerve cells (arrows) after 5d in cell culture. The length of 

neurites was often more than 1 mm at this period of the nerve cell 
culture. Scale bar, 50 um. 


the medium was around 7.4 and was monitored continuously by 
phenol red. 

Figure 2a and b illustrate spikes elicited in a nerve cell at the 
resting membrane potential (a) and at a hyperpolarised 
membrane potential (b). Judging from their MRRs (arrows in 
the lower traces), which were proportional to inward membrane 
currents associated with the respective spikes’’, the capability of 
inducing an inward transmembrane current was reduced in the 
resting membrane (for example, ref. 17) due to a rather small 
intracellular potential (usually between —45 mV and —65 mV). 
This inactivation was, however, removed by steady hyper- 
polarisation of the membrane potential below —80 mV (Fig. 2b: 
by d.c. current injection), where the MRR became steady at a 
maximal value which was independent of the membrane poten- 
tial (Fig. 2e, open symbols). We considered this steady maximal 
value of the MRR as an indicator of the membrane capability of 
carrying inward current. 

This inward current was carried by Na’ as the spike genera- 
tion was blocked either by externally added tetrodotoxin (TTX, 
1.5 4M) or by total replacement of external Na” with Tris” (data 
not shown). Although Ca current was possibly elicited in 
superimposing the spike potential, its contribution to the MRR 
above seemed to be very small, because the MRR was obtained 
within 1 ms after the spike onset (Fig. 2a, b); this delay was too 
short to elicit a large Ca current in various excitable 
membranes’'~*. Furthermore, the external growth medium 
contained a small amount of Ca** (~1.9 mM) and no blocker of 
membrane K conductance (see below), which was not sufficient 
to induce a large inward Ca current in the nerve cell membrane. 

A Ca spike (Fig. 2c) was elicited in a nerve cell bathed in a 
Na-free, tetraethylammonium (TEA)-containing medium; 
TEA* was added to minimise outward K current***’, so that a 
small inward current could induce regenerative development of 


the membrane depolarisation. In addition, 10 mM Ca** was 
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added externally to stabilise intracellular recording and to elicit 
a large spike potential. We used the Na-free medium described 
above instead of TTX-containing Na-rich medium because a 
part of the Na current elicited in tissue-cultured nerve cells is 
resistant to TTX'™™, We considered spikes elicited in the 
Na-free medium to be due to an inward Ca current for the 
following reasons”*: (1) their MRRs were related to external Ca 
concentration (2.5-10 mM); (2) they were not blocked by TTX 
high concentrations (3 4M)'*"*; (3) similar spikes were elicited 
in Na-free, Ba- or Sr-containing medium’*’* (10 mM, instead of 
Ca’*); and (4), addition of Mg** (40 mM) or Co** (4 mM) 
suppressed the spike generation. Although a part of the Ca 
channel activity was blocked at a small resting membrane 
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Fig. 2 Na and Ca spikes, and dependence of their MRRs on 
intracellular potential. a and b, Na spikes from a nerve cell after 3 
days in cell culture at -62 mV (a) and —89 mV (b); the holding 
membrane potential was changed by d.c. current injection through 
the recording microelectrode. Bar below the record shows a period 
when a depolarising pulse current is injected intracellularly. Arrow 
in the lower trace shows the MRR of the spike. Extracellular 
solution was the tissue culture medium, which contained about 
141.7mM Nat; 5.0mM K; 1.9mM Ca’*; 0.5mM Mg’’; 
119.5 mM Cl; 25.9 mM HCO ; 0.9 mM H2PO,;; 0.5 mM SO; ; 
5.5 mM glucose; 1.6% protein, and a small amount of amino acids, 
vitamins, antibiotics and phenol red; pH of the solution was 
~7.4-7.6 during the experiment, and was monitored continuously 
by colour of phenol red. c And d, Ca spikes at -51 mV (c) and 
—100 mV (d), elicited in a 5-d nerve cell. Repetition rate of the 
membrane stimulation was kept at less than 2 to 4 per min. 
External Na-free medium contained 133.0mM_ Tris-HCl; 
10.0 mM CaCl,; 10.0 mM TEA-Cl; 5.5 mM KCI; 5.5 mM glucose 
and a small amount of phenol red at pH 7.4 (for all Ca spikes in this 
figure). e, Dependence of MRRs of Na and Ca spikes on the 
holding membrane potential. Different symbols indicate spikes 
from different cells. Open symbols (O and O) are Na spikes from 
two nerve cells and filled symbols (@, A, W, @) are Ca spikes from 
four nerve cells, respectively. When the membrane potential was 
held below —80 mV, the MRRs of both the Na and Ca spikes were 
maximal and steady values regardless of the membrane potential. 
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Fig. 3 Changes in the membrane capability of initiating inward 
Na and Ca current during cell culture. a, MRRs of Na spikes and b, 
MRRs of Ca spikes in volts per second. Na spikes were elicited in 
the cell culture medium (see Fig. 2 legend and text). Ca spikes were 
elicited in Na-free medium containing 63 mM Tris-HCl; 80 mM 
TEA-Cl: 10mM CaCl; 5.5mM KCI and 5.5mM glucose at 
pH 7.4. Filled circles indicate mean values of the MRRs from nerve 
cells in dishes of the same lot, and bars are their standard devia- 
tions. Numbers of nerve cells sampled are indicated below each 
point. 


potential (Fig. 2c), hyperpolarisation of the membrane potential 
by d.c. current injection removed'this inactivation (Fig. 2d) and 
the MRR of the Ca spike reached a steady value (Fig. 2e: filled 
symbols). This value may be considered to represent a capability 
of carrying the inward Ca current of the neuronal membrane. 

The MRRs of the Na and Ca spikes thus obtained were 
compared for cell cultures of nerve cells of various ages (Fig. 3). 
The MRRs of the Na spikes did not change appreciably during 
the 4-week period of cell culture in this study (Fig. 3a). By 
contrast, the MRRs of the Ca spikes exhibited a temporary 
increase after about 5 to 6 days in cell culture (Fig. 35), and 
thereafter, decayed relatively slowly to a steady level which was 
close to that obtained at the beginning of the nerve cell culture. 
This temporary increase by a factor of 1.6, relative to the initial 
or the later level, is statistically significant (P < 0.05). It may be 
significant that when the MRRs of the Ca spikes are large, the 
nerve cells seem to be actively extending their neurites (Fig. 1c), 
suggesting that the increment in the MRRs may be related to 
neurite outgrowth. 

Assuming that capacitance of unit area of the membrane?’ 
remained unchanged, the temporary increase in the MRRs of 
the Ca spikes can be interpreted as (1) an increase in the number 
of the Ca channels in the unit area of the soma membrane; or (2) 
a conformation change in the Ca channel molecules, which 
allows entry of a larger amount of Ca**. There are, however, 
other possibilities such as (3), an increase in the sensitivity of the 
K current to TEA‘; a part of the K current which remained in 
the TEA-containing medium might become smaller during the 
particular period of the cell culture. All these possibilities reflect 
a definite change at least in the plasma membrane. A further 
possibility, (4), is an increment in the electromotive force 
(e.m.f.) of the Ca current; this seems improbable, because, 
assuming an intracellular Ca concentration ((Ca’*]) ranging 
between 107° and 107°M in the early period of the cell 
culture?”?*, a 1.5-fold increment of the e.m.f. can be induced 
only by a new [Ca?*], of between 107° and 107'’ M, that is, 
1/100 to 1/1,000 of the initial [Ca?*],. 

The physiological functions of Ca spikes recorded from the 
soma of nerve cells are not as clearly understood as those at 
presynaptic terminals’’. Hammerschlag et al.*°*' consider that 
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amino acid uptake and axonal transportation of proteins are 
intimately related to Ca entry through the soma membrane. It 
has also been suggested that Ca entry associated with the firing 
of nerve cells may be an important part of Ca utilised for axonal 
transportation**. In the present study, active neurite outgrowth 
was seen at least for several days of an early period of the cell 
culture (Fig. 1b, c), and simultaneously, enhancement of the 
MRRs of the Ca spikes was observed (Fig. 3b). During this 
period of the cell culture, the nerve cells must take up large 
amounts of nutrients and carry out extensive protein trans- 
portation in order to produce new neurites. Ca requirement 
associated with membrane synthesis and neurite outgrowth may 
be related to the possible enrichment of the Ca channels in the 
neuronal membrane. 

The reduction of the MRRs of the Ca spikes which was 
observed in the later period of the cell culture (Fig. 35) suggests 
that Ca requirement of the nerve cells may have been reduced 
for some reason (for example, reduction of neurite growth) or 
that a membrane part where the Ca channels were populated 
moved to a position remote from the soma. In the later period, 
however, observation of the neurites of a nerve cell became 
difficult because of the rapid proliferation of fibroblasts and the 
complex interactions of neurites originated from many nerve 
cells. Further study is thus required to investigate the relation- 
ship between the neurite growth and change in the Ca spikes 
recorded from the soma, especially that in the later period of the 
nerve cell culture. 

Note, however, that there are many other possibilities which 
could explain the background of the change in the Ca spikes. 
Whatever the interpretation, it is interesting that ionic channels 
can alter their distribution or conformation relatively flexibly in 
the plasma membrane of the mature nerve cells. 
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Neural influence on acetylcholine 
receptor clusters in embryonic 
development of skeletal muscles 


THE extent to which innervation regulates the embryonic 
development of skeletal muscle, and the mechanisms of nerve- 
muscle trophic interactions during development, are little 
understood. Here we describe studies on the development of 
skeletal muscles in rat embryos in which all the motoneurones 
were destroyed, and experiments in which chronic application of 
tetrodotoxin (TTX) to individual embryos blocked all nerve and 
muscle electrical activity during neuromuscular junction forma- 
tion. The results are presented with special emphasis on the 
regulation of acetylcholine (ACh) receptor distribution. It is 
already known that ACh receptors in adult tissues are densely 
clustered under nerve terminals on both muscle’ and nerve 
cells’, Relatively few receptors are found in extrajunctional 
regions, and if these are present at all they are uniformly 
dispersed. Studies of individually teased muscle fibres from rat 
embryos have shown receptor aggregates (clusters or hotspots) 
to be present after 16 d gestation’, but no more is known about 
how these clusters are induced to form or to achieve their proper 
location. Studies of mouse, chick and toad muscles in tissue 
culture have shown that receptor clusters may form on myotubes 
that have developed in the absence of nerve tissue*™®. In cultured 
toad muscle these clusters migrate within the muscle membrane 
to locate beneath nerve terminals’. Here, we show that receptor 
clusters appear on embryonic rat muscle after 15} d gestation, 
with striking synchrony in timing, and an ordering of the position 
of clusters on different fibres within a muscle. These initial 
events were little changed after irreversible destruction of 
motoneurones at 14 d gestation except that additional receptor 
clusters appeared at later times. Paralysis of developing nerve 
and muscle with TTX did not affect the appearance and pro- 
gressive increase in size of junctional clusters, but extra- 
junctional clusters also appeared, as in the denervated muscles. 
These experiments show that the first appearance of ACh 
receptor clusters on embryonic skeletal muscle does not depend 





Fig. 1 Autoradiographic demonstration of ACh receptor dis- 
tribution on early myotubes. a, Rat embryo diaphragm muscle 
after 15 d gestation. Top, phase contrast view of unstained section, 
showing narrow band of myotubes in the muscle centre, sur- 
rounded by myoblasts. Bottom, bright field view to show receptors 
diffusely scattered over myotubes, but not over myoblasts. No 
receptor clusters can be resolved at this time. b, Muscle after 154 d 
gestation, illustrating formation of receptor clusters. Scale bars, 
100 um. Embryos were dated by taking 9 am on the morning when 
a copulation plug was seen as time zero. Embryos were examined 
between 9 and 11 am (d), or between 7 and 11 pm ($). Receptor 
localisation was mapped by incubating muscles with '*°1—a-Naja 
toxin, washing overnight, fixing in glutaraldehyde—paraformalde- 
hyde, making 20-ym frozen sections, and exposing autoradio- 
graphs at 4°C for 3 days. 
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on innervation, but that the final ordering of their position on 
muscle fibres and their later increase in size do require the 
presence, although not the electrical activity, of the nerve. 
Electrical activity of nerve and/or muscle is essential to suppress 
the appearance of extrajunctional receptor clusters, and for the 
normal progress of muscle growth. This study shows also that 
mammalian embryos are more accessible to experimental 
manipulation than may previously have been realised, so that 
toxins and metabolites may be chronically applied to embryonic 
tissues in vivo, as well as in tissue culture. 

Motoneurones were destroyed by injection of 1 ug of B- 
bungarotoxin’ into individual embryos of 14d gestation or 
older. Paralysis was not seen in embryos injected at 13d or 
earlier. This toxin has been shown to destroy motor nerve 
terminals, and to cause total loss of motoneurones following 
injection into chick embryos’. We found that a single injection 
of 1 ug of toxin into individual rat embryos caused a sustained 
loss of muscle innervation. No recovery of innervation was seen 
in embryos injected at 14 d and examined at 22 d of gestation. 
Our evidence for loss of motoneurones in rat embryos includes 
the absence of nerve fibres in meio of ventral roots examined 
under the electron microscope, and the absence of large ventral 
horn neurones in spinal cords of treated embryos. Toxin-treated 
embryos developed in a grossly normal fashion, although they 
were lighter in weight than their siblings, and abnormally flexed 
in posture. 

Embryos were paralysed by inserting glass capillaries filled 
with 1 to 2 wl of 0.03 M TTX into their thoracic or abdominal 
cavities. One end of each capillary had a pore of 20 um diameter 
by 100 um length to allow slow release of the drug by diffusion. 
In all cases in which capillaries were fully internalised, embryos 
remained completely paralysed for at least 3 days, and in control 
experiments newborn rats were paralysed within 5 min of intra- 
abdominal insertion of a capillary. Survival rates of 100% were 
common in groups of embryos treated from 16d gestation 
onwards, but implantation of capillaries into 15 d embryos was 
more difficult. 

Clusters of ACh receptors were first seen in normal muscles at 
155 d gestation; before that receptors were diffusely distributed 
along the developing myotubes (Fig. 1). When first seen, 
junctional clusters had a mean longest dimension of 7.84+ 
0.65 um (+s.e.m.). If clusters were present they were seen on the 
great majority of myotubes within a muscle, indicating that their 
time of appearance was coordinated throughout the tissue. They 
were not randomly positioned, but appeared as a band across the 
midpoint of the developing muscle. 

ACh receptor clusters formed on muscle fibres made aneural 
by injection of B-bungarotoxin at 14 d gestation. Clusters were 
first seen at 16d gestation, when they formed a broad band 
across the middle of the muscle. By 17d gestation their dis- 
tribution appeared more widespread than in controls although 
they did not extend all the way to the tendon ends of muscle 
fibres. In muscles treated at 14 d and examined at 20 d clusters 
were randomly positioned along the full length of the muscle 
(Fig. 2a), with no special accumulation in the middle of the 
muscle. This is in contrast to normal innervated muscle fibres 
which have a single cluster near the midpoint of the cell'*"”. 
Once present, these extrajunctional clusters retained a constant 
size, with mean maximum dimensions of 8.97 + 0.25 um at 16 d, 
and 8.96 +0.22 um at 20d gestation. If nerve terminals were 
destroyed at 17 d and muscles examined after 20 d gestation the 
endplate clusters remained, and extrajunctional clusters 
appeared only near the ends of the myotubes, presumably on 
parts of the muscle that had developed after injection of the 
toxin. The two types of cluster could be distinguished by their 
size (9.98+0.26 and 6.63+0.13 um) for junctional and extra- 
junctional clusters, respectively, as well as by their location. 
Control junctional clusters in untreated littermates at 20 d were 
13.28+0.29 um in length, showing that junctional clusters in 
the treated muscles ceased their growth on application of toxin. 

Paralysis with TTX from 16-19d or 17-20d gestation 
resulted in muscles almost indistinguishable from those treated 
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Fig.2 Autoradiographic demonstration of ACh receptor distribution on embryonic rat diaphragm muscles after denervation or paralysis with 
TTX. a. Aneural muscle from embryo after 20-d gestation injected with B-bungaratoxin at 14 d. Receptor clusters are scattered randomly from 
end to end of the muscle, and no endplate zone can be distinguished. b, Muscle from 20-d embryo following paralysis with TTX from 17 d 


onwards. Endplate clusters are present near the centre 


of the muscle, with extrajunctional clusters near the fibre ends. c, Muscle from 19-d 


embryo following paralysis with TTX from 16d onwards. There is no clear area between endplate clusters and extrajunctional clusters. 

Individual silver grains cannot clearly be resolved in these low-power micrographs (scale bar, 500 pm). d And e, receptor distribution on muscle 

fibres teased from 16 d-19 d TTX-treated muscle, to show that multiple clusters were present along the length of single muscle fibres. Scale bars 
50 um. Pictures similar to those in b-e were obtained from muscles after B-bungarotoxin injections at 17 or 16 d, respectively. 


with 6-bungarotoxin at the same initial times. Paralysis during 
the period 16-19 d produced muscles in which junctional clus- 
ters could clearly be distinguished from extrajunctional clusters 
(Fig. 2c), but with no cluster-free regions of muscle membrane. 
Paralysis from 17-20 d gave rise to muscles with a clear area 
containing only diffusely distributed receptors between the 
junctional and extrajunctional clusters (Fig. 26). The only dis- 
tinction to be made between 6-bungarotoxin-treated and TTX- 
treated muscles was in the size of the junctional clusters; for 
example 17-20 d TTX-treated muscles had junctional clusters 
with mean dimensions of 13.98+0.34 um, similar to those of 
20 d controls. Extrajunctional clusters were 7.46+0.14 pm in 
length. 

Paralysis with TTX from 15-18d produced muscles less 
comparable with #-bungarotoxin-treated tissues. The one 
control (water-filled capillary) embryo which survived from this 


time was normal with respect both to gross development and to 
ACh receptor distribution, indicating that effects on treated 
embryos were due to the TTX and not to insertion of the 
capillary. Of three treated embryos which so far have survived, 
one was dwarfed and two appeared normal when examined at 
18 d gestation. Muscle development was severely retarded, with 
myotubes only in the centre of the diaphragm muscles, sur- 
rounded by large areas of unfused myoblasts. After the TTX had 
been washed off, isolated muscles contracted in response to 
nerve stimulation. Junctional clusters of normal size (13.70+ 
0.33 um) were present, but there were few extrajunctional 
clusters. 

Diaphragm muscles contracted in response to nerve stimula- 
tion at 15-d gestation, before clusters of ACh receptors could be 
resolved with our techniques. Intracellular recording from 15-d 
intercostal muscles (M. J. Dennis and A.J.H., unpublished) 
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showed that nerve stimulation produced endplate potentials in 
every muscle fibre tested (50/50), and that miniature endplate 
potentials at this age were much smaller than in 16-d muscles, 
despite similar resting potentials (>70 mV) at both times. Nerve 
fibres are physically present in developing muscles before fusion 
of myoblasts into myotubes has begun''. Thus muscles contract 
in response to nerve impulses at least 6 h before ACh receptor 
clusters can be resolved. It is our impression that clusters first 
appear as distinct units, rather than growing by progressive 
aggregation of dispersed receptors. It is interesting to note that 
once an area of muscle has developed without receptor clusters 
they cannot appear there later, so that denervation leads only to 
an increase in the density of dispersed receptors in that region. 
That this is not simply a matter of time was shown by denervat- 
ing rat intercostal muscles at birth, and examining muscles in 
which denervation was maintained for up to 4 weeks; extra- 
junctional clusters appeared only near the tendon ends of the 
muscle fibres, in regions which had developed since the time of 
denervation. 

Neither destruction of the innervation nor paralysis of nerves 
and muscles in rat embryos prevented the formation of receptor 
clusters, and fusion of myoblasts into myotubes was only retar- 
ded and not arrested by these procedures. We conclude that, by 
evoking muscle contraction, innervation speeds the expression 
of a developmental programme inherent in myogenic cells for 
elongation and growth of myotubes and for the first appearance 
of ACh receptor clusters. The effects of electrical stimulation or 
of application of TTX to spontaneously contracting monocul- 
tures of myotubes in tissue culture are consistent with this 
description’. A specific inductive action’? of the nerve terminal, 
exerted independently of electrical activity, must be postulated 
to regulate the positioning of the cluster under the nerve 
terminal’’* and for its progressive increase in size°. In the 
presence of a nerve terminal electrical activation of the muscle 
prevents the appearance of further receptor aggregates. TTX 
treatment over the period 15-18 d had an effect more drastic 
than denervation, perhaps by affecting spontaneous as well as 
nerve-induced muscle contractions, and so retarding muscle 
growth. If the appearance of extrajunctional clusters in dener- 
vated muscles is secondary to muscle growth, as seems likely 
(Fig. 26), their apparently paradoxical absence from the 15- 
18-d treated muscles may be explained by the muscles being ina 
developmental stage reached by B-bungaratoxin-treated tissues 
at 163 or 17d. Further experiments are needed to clarify this 
point. 

The only known action of TTX is to block the action potential 
mechanism in excitable tissues. Chronic local application to 
mature motor nerves causes prolonged paralysis but only parti- 
ally blocks the trophic effect of the nerve on muscles'*"*. The 
residual trophic action of the paralysed nerve may depend on 
materials carried by axonal transport'®, although this is debat- 
able'’. Electrical stimulation of adult motoneurones increases 
the amount of proteins carried by axonal transport'®, and as 
apphcation of TTX to embryos blocked action potentials in 
motoneurone cell bodies as well as axons this might have 
reduced the rate of synthesis of the hypothetical trophic 
substances. Thus the argument made above for electrical 
activation being of primary significance in nervous regulation of 
embryonic muscle development is the most economical, but it is 
not definitive. 

We thank J. J. Bray and R. G. Mills for instruction in their 
technique for chronic application of drugs from capillaries’? and 
for '**I-labelled a-Naja toxin, and Katherine Hattersley for 
technical help. This work was supported by the New Zealand 
MRC. 
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Composition and control of 
secretions from 
tracheal bronchial submucosal glands 


TRACHEAL bronchial submucosal (TBS) glands are thought to 
supply a significant fraction of respiratory tract fluid (RTF)', 
which is critically important in cleaning the airways of the lung. 
In the cleaning process, cilia in the tracheal bronchial tree 
continuously sweep the RTF, with debris, out of the lung. But 
abnormalities in the physicochemical properties of the RTF may 
impair this clearance, resulting in fluid stagnation, infection and 
obstruction of the airways. Unfortunately, because of the small 
size and inaccessibility of TBS glands and the difficulty in 
collecting their uncontaminated secretions, little is known about 
their physiology. We have developed methods for collecting and 
analysing secretions from single TBS glands of the cat in vitro, 
and we describe here the composition and control of the fluid 
secreted by these glands. We have found that the composition of 
the secreted fluids is very similar to that of the extracellular fluid 
and that secretion flow rates are influenced predominantly by 
a- adrenergic and cholinergic agonists. In view of the well known 
exocrinopathy in the lethal genetic disease cystic fibrosis (CF)’, 
we believe these findings to have implications for pathological 
changes in the airways in this disease. 

Tracheae were excised from seven mongrel cats anaesthetised 
with pentobarbital (35 mg per kg). Using a modification of a 
technique’ for observing secretion in vivo, the tracheae were 
opened along the dorsal fold, and the epithelial surface was 
dried quickly with cotton sponges and a jet of freon-13 gas. The 
surface was coated immediately with water-saturated paraffin 
oil, and a segment of the trachea (about 1 cm”) was mounted ina 
chamber such that the serosal tissues were constantly bathed in 
Ringer solution which mimicked interstitial fluid (Table 1), 
while the epithelial surface remained covered with oil. Secretion 
was stimulated by adding appropriate concentrations of 
bethanechol (cholinergic agonist), methoxamine (a-adrenergic 
agonist) and isoprenaline (8-adrenergic agonist) to the bath. 
Under a dissecting microscope, small droplets of secretory fluid 
were observed to form on the tracheal epithelial surface shortly 
after stimulation. Timed collections of droplets secreted from 
three to four glands were taken up between oil blocks in 
constant-bore capillaries (78 um inner diameter), and droplet 
volumes were measured for rate determinations usually over a 
period of about 5 min. The elemental chemical composition of 
each sample was assayed by microdroplet X-ray analysis for Na, 
K, Ca, Cl, S, and P (ref. 4). 
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Secretory rates reached maximal values about 10 min after 
the application of agonists, after which the rates generally 
declined (Fig. 1). Maximal rates as high as 20 nl per min per 
gland were induced but not sustained by bethanechol or 
methoxamine. Maximal secretory rates with 10°°M_ iso- 
prenaline in the bath were generally less than 10% of the 
maximal rate induced by 10°°M bethanechol or 10°°M 
methoxamine (Fig. 1). Glands generally responded to stimula- 
tion for at least 5h in vitro, but, probably due to variation in 
gland sizes, there was considerable variation in secretory rates 
between glands. 

The composition of secretions was basically the same as that 
of the bath. There were no significant changes in the concen- 
trations of any of the principal electrolytes (Na, Cl, K or Ca) as a 
function of the secretory rate or the nature of the applied 
stimulant (Table 1). Hence, if TBS glands normally secrete 
essentially isotonic fluids in vivo we conclude that, unlike most 
other exocrine glands, the cat TBS gland does not significantly 
modify the electrolyte composition of the primary fluid in the 
ductal region before it is a i 
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Fig.1 A typical secretory rate response (ordinate) of a single TBS gland to 
increasing concentrations of bethanechol (BETH), isoprenaline (ISOP) and 
methoxamine (METH) in the bathing media. The time of addition of each 
drug at the indicated concentration is shown by the position of the inverted 
arrow relative to the abscissa, Rinsing was carried out by changing the bath 
to Ringer’s solution (RCL). Concentrations, an order of magnitude higher 
than those shown, were examined in trials, but did not reveal noticeably 
higher maximal rates, even though rinsing times were increased. 


However, a notable exception to this otherwise relatively 
constant composition is in the mean concentration of sulphur, 
which varied significantly depending on the nature of the stimu- 
lating agent. Methoxamine-stimulated secretions contained 
significantly less S (2.1 mM) than either bethanechol (3.2 mM; 
P<0.025) or isoprenaline (4.8 mM; P<0.005) stimulated 
secretions, but the difference between the mean concentration 
of S in bethanechol and isoprenaline stimulated secretions was 
not statistically significant (P<0.1). Sulphur concentration 
varied widely among glands (range 1-16 mM) and was inversely 
correlated with secretory rate (for individual glands, correlation 
coefficients ranged from —0.33 to —0.82). 

Both the wide variation in the S concentration and the nega- 
tive correlation with secretory rate indicate that S appears in the 
gland secretion by a route different from that of elements in the 
precursor fluid. Because isotopic S is taken up by TBS gland 
cells and incorporated into the glycoprotein component of 
tracheal secretions®, mucus is the most probable additional 
source of S. If the concentration of S reflects the mucus content 
of the secretions, the data indicate that isoprenaline stimulates 
secretions with low flow rates but relatively high mucus content, 
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Table 1 Concentrations (mM) of the major inorganic elements in TBS gland 
secretions after stimulation with a- and B-adrenergic and cholinergic agonists 


Na Ci K Ca P $ 
Methoxamine 13541.7 119417 570.18 6.6+0.06 0.940.112 2.1+0.27 
(a-adrenergic) 
n23s 
Bethanechol 13422.1 1244£1.9 6320.28 0.720.12 1.340.144 3.2%0.4 
{cholinergic} 
nzi3 i 
Isoprenaline 141122.7 1262.5 5.740.30 06+0.08 1.1+0.18 481.09 
{ğ-adrenergic) 
n2zi3 
Incubation 136 119 5,0 2.6 1.2 1.2 


Except for S there was no statistically significant difference in the concentration 
of any element among secretions stimulated with the different agonists. Sulphur in 
methoxamine-stimulated secretions was significantly lower than S concentrations 
in the other two groups of secretions as determined by Student’s t-test?*. Errors are 
standard errors of the mean; the number of samples analysed was equal to or 
greater than n. 


whereas methoxamine stimulates secretions of high flow rates 
but relatively low mucus content. Bethanechol stimulates 
secretions of both high flow rates and relatively high mucus 
content (Table I, Fig. 1). In other exocrine glands such 
as the parotid, protein secretion is higher during B-adrenergic 
stimulation while flow rates are higher during a-adrenergic 
stimulation’. Similarly, the rates and protein content are higher 
with cholinomimetic stimulation in the salivary gland, but the 
higher protein content may be due to B- adrenergic effects of the 
cholinergic agonist’. 

The observation that different stimulatory drugs evoked dis- 
tinct maximal secretory rates and different S (mucus) concen- 
trations supports the view that the physical properties of the 
RTF may be regulated by combined sympathetic and parasym- 
pathetic controls’. If the autonomic nervous system controls the 
relative amounts of fluid and mucus, autonomic disturbances in 
CF®!° may produce abnormal volumes of secretions or abnor- 
mal concentrations of mucus which depress respiratory 
clearance mechanisms. This type of defect may explain why, 
although widely accepted, no defect in mucus production in this 
disease has been established’. Also, if there is no ductal 
modification of the precursor fluid, the defect in CF would seem 
to be basically a problem of secreting appropriate volumes and 
mucus concentrations. 

In conclusion, cat TBS glands produce a secretion which is 
essentially isotonic, but which varies in S and possibly mucus 
content as a function of the nature or degree of stimulation. The 
results are consistent with the possibility that malfunctions in the 
TBS glands in CF may alter the properties of the RTF and 
thereby impair airway clearance, rendering the CF lung highly 
susceptible to infection and obstruction. 

This work was supported by an award from the Getty Oil 
Company and by NIH-USPHS research grant AM 20356 and 
RCDA grant AM 00324 to P.M.Q. 
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Clues to the site of origin 
of the complementary image 


PATTERNS of near-parallel black-and-white lines induce an 
anomalous state of the visual system, in which a superimposed 
test field of dynamic noise (such as the ‘snowstorm’ ona detuned 
TV receiver} seems to stream in directions roughly perpendi- 
cular to the inducing contours’. The illusory streamers form a 
‘complementary image’ (CI) which for the stimulus of Fig. la 
comprises a family of wavy circles, as sketched by J. P, Wion’ in 
Fig. 1b. When two orthogonal gratings are superimposed, the 
streamers lie at 45° to both, as if the resulting bias obeys the rule 
of vector summation’. J. P, Wilson* has observed rudimentary 
signs of directional bias and streaming even at a single 
black/white contour; and M. E. Wilson’, using only simple pairs 
of test spots illuminated in sequence, found that the illusory ‘phi’ 
motion seen between the spots was enhanced for directions 
orthogonal to the contours of a superimposed grating. When the 
inducing pattern is presented to one eye and the noise field to the 
other, however, little or no CI is observed“. It has seemed 
logical’ to attribute these phenomena to some form of adaptive 
cooperative activity among orientation-sensitive cells of the 
visual system, leading to a kind of ‘simultaneous contrast’ in the 
orientation domain, that is, a bias of the signalling system for 
motion and contour orientation in favour of the orientation(s) 
not present in the inducing stimulus. 

Human observers can perceive contours outlined only by 
contrasts of texture or colour almost as readily as those due to 
differences in luminance. It would therefore help in locating the 
site of origin of the CI to know whether the system responsible 
can be directionally biased by patterns outlined only by contrasts 
of texture or colour. Hammond and I’* have recently found that 
‘simple’ cells in area 17 of cats, which respond briskly to a 
suitably orientated moving black bar, show no response to a 
similar (clearly recognisable) bar of random visual texture mov- 
ing over a static textured background of the same mean 
luminance. Although the colour sensitivity of simple cells in area 
17 of primates is still controversial”'®, it seems that most are also 
insensitive to boundaries outlined by colour contrast alone. 
Thus, if the CI could be induced by patterns of texture or colour 
contrast alone, this would suggest that it originated in a system 
not dependent on simple cells for its input (unless human simple 
cells differed in this respect from those of cat and monkey). If, 
however, induction of the CI required the patterns to be 
outlined by luminance contrast, this would point to the simple- 
cell system as the likely site of origin. 

In the first experiment, a 60-ray pattern 12 cm in diameter, 
similar to Fig. la, was cut from white paper and placed over the 
screen of a detuned TV receiver generating dynamic visual 
noise. The paper pattern was front-lit at a luminance of 30 
cdm”. With the mean luminance of the TV display either 
higher or lower than that of the paper pattern, the normal CI was 
clearly visible in the noise. When the mean luminance was 
adjusted to the same level (30 cd m`’), however, the CI disap- 
peared, although the white ray pattern remained clearly 
perceptible by contrast with the dynamic noise between its 
spokes. (Some 60 observers have confirmed these findings). 

An analogous experiment was then carried out using patterns 
outlined by colour contrast. A pair of conventional 100-W slide 
projectors with red and green filters (Cinemoid nos 14 and 24) 
were used in conjunction with a mixer cube to project on to the 
noise-filled TV screen the same 60-ray figure outlined at 
~20 cd m” in red and green. The mean luminance of the (white) 
noise field alone was adjustable for optimum effect. When the 
luminances of the interleaved red and green rays were matched 
the CI was absent or much reduced for all of five observers, 
although with the red or green rays alone (that is, one projector 
switched off) it was clearly visible. 
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Fig.1 a, The stimulus used for the production of a CI. b, The 
family of wavy circles obtained. 


It therefore seems that the anomalous physiological condition 
responsible for the CI arises not at the level of the pattern- 
recognising system per se, but at an earlier stage of visual 
information processing which is specifically sensitive to contrasts 
of luminance, although not of texture or (perhaps) colour. The 
absence of significant interocular transfer suggests a location in 
the monocular visual sub-system. The parallel with the pref- 
erences shown by simple cells in area 17 of cats and monkeys 
points to these cells, or others dependent on them, as likely 
candidates. 

I thank my wife and M. G. Forster for assistance. 
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Contribution to reproductive 
effort by photosynthesis 
of flowers and fruits 


REPRODUCTION is often a lethal or semi-lethal activity, and 
for iteroparous plants it is often possible to show that reproduc- 
tion has costs that are expressed in a reduced growth rate and/or 
an increased death rate’. Attempts have been made to compare 
life history patterns in flowering plants by measuring the fraction 
of a plant’s annual dry matter production (or calorific value) that 
is allocated to reproduction (for example refs 2-4). The 
assumption is that the reproductive parts represent a cost in 
energy or materials. Clearly mineral nutrients and water must be 
gained by the reproductive structures from the remainder of the 
plant, but this is not necessarily true for the energetic and carbon 
economy of the reproductive structures. Many flowers and fruits 
are green and a fraction of the energy and carbon might be 
obtained by direct photosynthesis within these structures. This 
might be especially important during embryo growth if carpels 
and other organs that remain attached after flowering are green. 
In such cases the conventional estimation of reproductive effort 
(dividing seed weight by plant weight) would be incorrect and 
comparison of life history patterns and their evolutionary 
meaning would be invalid. There are reports of significant 
contributions of in situ photosynthesis in flower and seeds to 
their growth. Biscoe etal. have estimated that 47% of the carbon 
required for seed production in barley is provided by photosyn- 
thesis of reproductive and immediately adjacent plant struc- 
tures®. Bazzaz and Carlson have shown that in the annual weed 
Ambrosia trifida L., net photosynthesis by reproductive struc- 
tures amounts to 41 and 51%, respectively, of the carbon 
required for male and female inflorescences’. Here we report an 
analysis of the carbon budget of reproduction for 15 temperate 
deciduous trees. The budget was determined by measuring the 
weight, photosynthesis and dark respiration of flowers or 
inflorescences from bud break until seed maturity. 
Inflorescences, flowers or fruits with a 3-5-cm piece of stem 
were excised from plants, sealed in vials containing water, and 
the rate of CO, exchange of the inflorescence was determined, 
first in the light (700p~Em’s"') and then in the dark 
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(1 pE m`? s~?) (ref. 7). Carbon dioxide exchange was measured 
at an air temperature equal to the mean daily maximum 
temperature (calculated from 20-yr summaries of weather data 
for Morrow Plot, Urbana, Illinois) for each day in which 
measurements were taken. 

The data for photosynthetic and dark respiration rates were 
fitted by least squares regression to exponential, logarithmic and 
power univariate expressions with time as the independent 
variable. The expression with the largest coefficient of deter- 
mination (r?) was chosen to represent the rate of CO exchange 
throughout reproductive development. 

Weight data were fitted to a linear form of two different 
functions and the one with the highest r? was chosen to represent 
weight gain for that species. One of the functions used had both a 
lower and an upper asymptote 


K 
“Tee = 
and the other had only an upper asymptote 
W=K(1-e°"") (2) 


where W = weight of flower or inflorescence in mg, K = weight 
at maturity in mg, e = base of natural logarithms, c = a constant 
of intergration determining the position of the curve relative to 
the origin, b = the capacity for increase in units of mg/t, and 
t = time in days since 14 March. In fitting data to equations (1) 
and (2), K was estimated by trial and error to maximise r°. A 
carbon budget was constructed as described previously’. 

There were three general types of weight gain curve for 
reproductive structures (Fig. 1). A continuous form of equation 
(1) represented the best expression for growth in 11 species 
(Table 1) and is exemplified by Platanus occidentalis, Equation 
(2) was the best expression for reproductive growth for two 
species represented by Acer saccharum (Fig. 1b). The third type 
of reproductive growth is the split or two-phase form of equation 
(1) as found for Liriodendron tulipifera and Magnolia stellata 
(Fig. 1a). Large showy petals were formed during the first part of 
reproductive development but fell off by about day 65, causing a 
sharp decrease in weight. Other species also lost some floral 
parts during development but that did not alter the smooth 
character of the growth curve. 

The pattern of development described by equations (1) and 
(2) may reflect important differences in the metabolic cost of 


Table 1 Floral sexuality, weight gain, photosynthesis and respiration, and percentage contribution to reproductive effort of 2 flowers and seeds of 
selected species 


A tt A 


% Contri- 
bution 
Total % Gain GP to Coefficient 
Overdry Total night- Total Net or total of 
; weight daytime time respira- photo- % loss carbon determination 
Floral at Totals respira- respira- tion synthesis (2—5)/1 balance (r?) 
sexuality maturity GP tion tion 3+4 2~5 (100) 2/(-S) Typei Type2 
(mg) (mg)* (mg)* = (mg)*  (mg)* (mg) z t curve curve 
Acer platanoides H 254 312 156 74 230 82 32.3 64.5 0.894 0.980 
Tilia platyphyllos fastigiata H 1,868 794 283 124 407 387 20.7 34.9 0.902 0.721 
Acer rubrum H 28 15 13 6.8 20 -4.8  ~17.1 32.9 0.946 0.922 
Acer saccharum H 210 132 141 47 188 ~ 56 26.7 33.2 0.860 0.960 
Magnolia stellata H 823 340 247 119 366 —26 -3,2 28.4 0.971 0.835 
Cercis canadensis H 208 96 93 44 137 —41 —19.7 27.9 0.961 0.958 
Liquidambar styraciflua M 2,375 955 1,103 510 1,613 —658 —27.7 23.9 0.999 0.945 
Betula pendula M 565 192 221 191 322 -130  —23.0 21.7 0.910 0.972 
Celtis occidentalis H 342 118 139 65 204 ~86 25.1 21.5 0.908 0.994 
Prunus serotina H 131 38 46 21 67 —29  —22.1 19.2 0.959 0.937 
Liriodendron tulipifera H 2,900 1,032 1,970 914 2,884 -1,852  —639 11.58 $ 0.975 
Ulmus americana H 75 0.83 0.86 0.50 14 0.53 -7.1 9.3 0.999 0.989 
Carya ovata M 8,135 944 2,367 1,068 3,435 —2,491 ~30.6 8.2 0.995 0.848 
Platanus occidentalis M 10,158 1,072 3,540 1,699 5,239 —4,167  —41.0 7.0 0.979 0.903 
Quercus macrocarpa M 3,042 104 1,008 512 -14,520 —1,416  —46.5 23 0.966 0.685 
* H, hermaphrodite; M, monoecious; GP, gross photosynthesis units of C6eH100s. 


+ Gain or loss due to CO, exchange of propagule expressed as a perce 
+ Gross photosynthesis of propagule expressed as a percent, of the tota 


ntage of propagule weight. 
l amount of carbon for production of a mature propagule (2/1 + 5x100). 


$ Contribution based on two parts of weight gain curves in Fig. 3, 7° Values were 0.931 for the first part and 0.993 for the second. 
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Fig.1 Increase in growth and changes in the rates of gross photosynthesis (@), dark respiration (©) and net photosynthesis (A) in flowers and 
fruits of Platanus occidentalis (a), Acer saccharum (b) and Liriodendron tulipifera (c). 


reproduction. Systems that are well described by equation (1) 
apparently lack an initial mass transfer of carbohydrate from the 
plant into the developing reproductive structure but those 
described by equation (2) seem to have such a transfer. 

The amount of carbon supplied from in situ photosynthesis to 
the total carbon required for production of mature seed varied 
from 64.5% for Acer platanoides to 2.3% for Quercus macro- 
carpa, 

The results suggest that flowers and fruits should not be 
regarded simply as a cost to the carbon budget of the rest of the 
plant. Clearly in some cases green flowers may be sufficiently 
active photosynthetically to pay a major fraction of the energetic 
and carbon cost of their own structure and that of the ripened 
seed. Thus it is misleading to express reproductive yield as if it is 
the product of leaf photosynthesis. One implication of this 
finding is that the energetic costs to an animal-pollinated plant 
with showy non-green flowers may be two-fold—both the carbon 
cost of making the structure and the costs of sacrificing its 
potential photosynthetic ability. The sharp break in the floral 
growth curves of the Liriodendron-type emphasises this point. 
Furthermore, in the improvement of crop plants, we should 
perhaps consider the extent to which the photosynthetic activity 
of floral structures might be improved. 
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Is compensatory growth 
a complicating ; 
factor in mouse teratology? 


METHODS developed in an attempt to optimise the chances of 
identifying a teratogen generally involve the administration of 
the compound to a pregnant female in a number of ways, 
followed by autopsy about 24 h before parturition. This system 
maximises the period during which abnormalities may develop 
and circumvents loss by cannibalisation of dead or deformed 
newborn animals by their mother. The methodology is simple 
and efficient but provides no information about the immediate 
response of the embryo to the drug and any capability it may 
have for regulation or recovery from damage. Thus develop- 
mental disturbances could pass unnoticed. However, the 
damage, for example behavioural or reproductive abnormality, 
may manifest itself postnatally, and this has recently aroused 
some concern'’. We report here on the mode of action of a 
known teratogen, mitomycin C (MMC) on mouse embryos, In 
rodents this antibiotic is teratogenic at high doses. In rats the 
LDs» and teratogenic dose seem to coincide, but for mice these 
figures may differ considerably>*. Abnormalities reported 
include exencephaly, spina bifida’, skeletal and other non- 
nervous system defects’. The frequency of abnormality and dose 
response is strain dependent in mice. We know of no reports on 
the immediate response of mouse embryos to MMC and of only 
one on the postnatal development of mice exposed to the drug in 
utero in mid-gestation®. Our results indicate that, during early 
organogenesis stages, the mouse embryo has a remarkable 
capacity for recovery from severe damage and developmental 
retardation induced during primitive-streak stages, when drugs 
were thought more likely to be lethal than teratogenic. 
Random bred Q strain mice were used. Pregnant females 
received a single injection of MMC intraperitoneally 63 or 7d 
postcoitum (p.c.). Two doses were used, 100 and 150 ug per 
mouse (~4 and 6mg per kg). There were no noticeable 
differences in response to the two doses, so data have been 
pooled. In this strain the primitive streak begins to form between 
63 and 63 d p.c. Initially autopsies were done at 7} and 83 d p.c. 
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Table 1 Cell numbers and mitotic activity in control and MMC-treated 
74-d embryos 





Control MMC 
n 6 5 
No. of cells Ectoderm 7,618 + 443 978+ 157 
Mesoderm 3,743 +256 374+ §3 
Endoderm 1,019+ 57 374+ 33 
M/A index Ectoderm 3.9+0.2 12.5+1.5 
Mesoderm 1.9+0.2 §5.2+0.7 
Endoderm 4.5+0.6 6.1+0.7 





Camera lucida drawings were made of transverse sections and tissue 
volumes computed from planimeter measurements of tissue areas. Cell 
numbers were then calculated from a knowledge of cell volume `. 


but were subsequently extended to various other time points, 
including postnatal development. 

At 73 d MMC embryos were morphologically normal but very 
small (Fig. la, b). On the other hand, the extra-embryonic 
regions of the egg cylinder are of normal size, but in some the 
mesodermal layer of the exo-coelom is incomplete. Serial 
reconstructions of embryos show that in MMC embryos cell 
numbers are reduced to about 14% of normal but that mitotic 
activity is much higher (Table 1). In a study of the time course of 
development following MMC injection at 7 d p.c. (zero time) 
dead cells (pycnotic granules) are observed at 13h and are most 
abundant at 6h. Mitotic activity falls to its lowest at 6 h. The 
high mitotic activity in 73-d MMC embryos seems therefore to 
reflect accelerated, compensatory growth in the embryo. 

At 8} d MMC embryos are still small and are now morpholo- 
gically retarded (Fig. 1c, d). Headfolds are usually very small, or 
absent, the anterior end of the: embryo usually being at the 
neural plate stage, that is, about 12 h retarded. In some embryos 
the posterior end seems more advanced, with a well developed 
allantois and occasionally with an early hind gut and one or two 
somites. The mitotic index is high throughout the embryo. 
Control embryos at this stage have raised head folds, 
neuromeres, up to seven pairs of somites, a beating heart, and 
fore and hind gut, and chorio-allantoic fusion is complete. 

We initially thought that MMC embryos would die, but at 
104d, although still small, they were almost normal. Head 
development showed no outward sign of retardation, but somite 
numbers were low (29 against 35 pairs in controls) and hind limb 
bud development was late in many. The course of development 
of MMC embryos is shown in Table 2. By 134d the only 
evidence for retardation in MMC embryos is that the mean fetal 
weight is significantly low (126 + 3.0 mg, 5 litters, 42 embryos in 
MMC mice against 143+3.4 mg, 4 litters, 42 embryos in 
controls, t = 3.1 P<0.0025). Abnormalities were found in one 
litter. Among the 10 embryos there were four cases of micro- 
phthalmia and one cleft face. There were no abnormalities in 
controls. 
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Litter sizes were a little lower in MMC-treated females, all 
embryo mortality occurring before 133 d of gestation. Seventeen 
control litters averaged 10.9 implants and 3.2% mortality, 
whereas in 72 MMC litters these figures were 10.7 and 10.0%. 

At birth MMC newborn animals were not noticeably small but 
were not weighed: 6% were stillborn. In 14 litters (mean size 
8.0) microphthalmia was seen in 5, in 26% of all 14-d-old mice. 
No other abnormalities were seen. Growth was often slow and 
mortality was extremely high (25%, 53% and 64% being dead 
at 7 d, 14 dand 21 d, respectively). Of 14-d survivors, 50% were 
runted. Two entire 14-d litters had the appearance of 8-d-old 
mice, none had its eyes open. Only 30% (29 mice) were success- 
fully weaned. 

All runts and many of their larger littermates showed motor 
defects. Gait was slow and stumbling and many trembled 
violently. Most were reluctant to move and some were easily 
knocked over and took 5~10s to get back on their feet. One 
extreme case would lie on its side for 30s or more before 
moving. 

Most runts and those with the worst motor defects died before 
weaning. Wilson razor blade slices were made of four severely 
affected 14-d mice but no internal abnormalities were found, all 
organs being present, correctly located, of normal proportions 
and with no noticeably enlarged cavities. Survivors generally 
seemed normal at weaning. 

Fertility is low. All 29 survivors were test-mated to normal Q 
mice of proven fertility. All 18 males mated but 8 gave sterile 
plugs. Histological examination revealed small testes deficient in 
germ cells, many tubules containing only Sertoli cells. Of the 11 
females 2 were sterile; both had small ovaries with about half as 
many follicles as controls, and one also developed motor defects 
after weaning. Histological examination of MMC embryos 
between 74 and 113d in which alkaline phosphatase-positive 
primordial germ cells (PGC) were counted indicated severe 
depletion of PGCs in all MMC embryos up to 93 d. Subsequently 
about half the embryos show good recovery of germ cell 
numbers. Migration of PGCs was retarded, even if allowance 
was made for the general developmental retardation. 

Several other studies have used doses of MMC similar to or 
higher than those used here but none has started as early in 
pregnancy” ''. They cover the period 73-15 d p.c.; all report 
high levels of induced abnormalities, up to 90% of females 
presenting abnormal fetuses and 64% of fetuses being affected. 
These figures agree well with the frequency of severe develop- 
mental retardation seen in our 83-d embryos (100% of females 
present, up to 75% of fetuses affected), but do not correspond at 
all with the level of abnormality seen at late gestation. As all our 
experiments commence in pre-organogenesis stages this is per- 
haps not surprising. What our study does show is that the mouse 
embryo can withstand a major disturbance in its early develop- 
ment and recover to such an extent that structural abnormalities 
rarely emerge. 

The frequency and nature of abnormality found in our 135-d 
embryos gives little suggestion of the profound effects on post- 





Table 2 The course of development of embryos exposed to MMC at 63 or 7 d postcoitum 





Age at 
autopsy Age at No. of No. of embryos 
{d p.c.) injection litters Live Dead 
_ 6 56 2 
84 6} 6 46 5 
7 10 97 9 
— 5 58 3 
93 63 5 44 2 
7 12 118 8 
= 2 23 1 
103 63 6 56 17 
7 4 42 4 


% of embryos showing: 


Headfold Limb-bud 
Absent* Normal Somites Fore Hind 

0 100 91 0 0 
44 56 56 ü 0 
75 25 39 0 0 
G 100 97 73 0 
100 86 43 0 

4 96 80 6 0 
0 100 100 100 100 
0 100 95 85 80 
0 100 100 92 55 


* This figure includes embryos in which the neural plate has just started to crease, but raised neural folds are not observable. 
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Fig. 1 a, Sagittal section through normal 74-d egg cylinder. b, As 

a for MMC-treated embryo. c, Normal 84-d embryo, dark ground 

illumination. d, MMC-treated 83-d embryo, bright field illumina- 
tion. No headfold or somite development has occurred. 


natal development and fertility, of MMC applied during pre- 
organogenesis stages. However, MMC-induced reduction in 
fertility has been reported to follow treatment given in mid- 
gestation’. 

We have shown that the mouse embryo can be reduced to 
around 10% of its normal size at a time when it is about to begin 
organogenesis, but is nearly normal again before that phase of 
development is complete. Much of this regulation, especially 
morphogenesis, is accomplished within 48h of the damage 
being inflicted. In particular, the formation of the brain and head 
seems to be achieved in about half the time it normally takes. 
During this period of accelerated development the embryo may 
be more susceptible to damage which would normally be trivial. 
It may explain, for instance, why some teratogens have their 
severest effect when administered as a series of small doses 
rather than as a single large dose*'’’, a possibility not considered 
by Wilson in a discussion of the complications introduced by 
repeated dosing’. 
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Hybrid sterility in meadowlarks 


THE eastern meadowlark (Sturnella magna) and western 
meadowlark (S. neglecta) are sibling species of songbirds in 
secondary contact throughout a narrow zone of sympatry in 
central North America’. Field studies suggest that specific 
differences in vocalisations are the principal isolating 
mechanism and that hybridisation is limited in extent and 
possibly restricted to regions of recent contact*~’. The incidence 
of hybridisation is difficult to determine, however, due to their 
similar appearance, and there is uncertainty as to the recognition 
of some hybrids of known parentage’. Multivariate analysis 
alone offers no additional resolution to the problemë. A pro- 
gramme to breed and hybridise meadowlarks in captivity is one 
approach to determining the viability and fertility of hybrids. 
The difficulties inherent in the technique and the time required 
to amass adequate samples have precluded its use among avian 
systematists, with the exception of those working on some game 
species’’'°. However, I now report that between 1966 and 1978 
I was successful in inducing 25 captive meadowlarks to pair and 
produce 44 clutches of 158 eggs. Mixed matings among non- 
hybrids resulted in 90% fertility, not significantly different from 
the 87% fertility among eggs from pure matings, whereas the 
fertility of eggs from pairing of hybrids was only 10%. All eggs 
resulting from pairing the one surviving backcross hybrid were 
infertile. 

Indicative of the infertility of my hybrid meadowlarks is the 
performance of three siblings produced in my aviary in 1975, 
from a mixed pairing of a male S. magna and a female S. 
neglecta. The three hybrids, two males and a female, did not 
breed at 1 yr of age, although paired with experienced mates. In 
1977 the female hybrid was paired with a male S. neglecta that 
had bred successfully the previous year. She built a typical 
meadowlark nest, laid a clutch of four eggs, and incubated with 
normal attentiveness. On the eighth day of incubation I deter- 
mined that all eggs were infertile. The male S. neglecta demon- 
strated his continued fertility by breeding successfully the 
following year. One of the male hybrids was paired in 1977 with 
a female S. neglecta that had bred successfully 2 yr earlier. She 
laid a clutch of four eggs determined to be infertile after 6 days of 
normal incubation. Also in 1977, the second male hybrid was 
paired with a 2-yr-old female S. magna, who laid a clutch of 
three eggs that proved to be infertile after 10 days of normal 
incubation. This female laid fertile eggs the following year in a 
mixed pairing with a male S. neglecta. 

My most extensive and convincing data were accumulated on 
a male hybrid produced from a mixed pairing of a male S. 
neglecta and a female S. magna in 1966 (the first meadowlark 
ever produced in an aviary and raised to maturity). At 1 yr of age 
he was backcrossed with his mother, who laid a clutch of four 
eggs that proved to be infertile after 11 days of normal incuba- 
tion. At 2 yr, he was backcrossed again with his mother, who laid 
three clutches and a total of seven infertile eggs. During that 
same season he was paired with two different hybrid females. 
These crosses of F,’s resulted in three clutches and a total of 12 
infertile eggs. In 1971, at 5 yr of age, he was paired with a female 
S. neglecta, a proven breeder who laid fertile eggs in a mixed 
pairing that same year and continued to produce fertile eggs 
over the two ensuing years. This backcross resulted in a clutch of 
four infertile eggs incubated normally for at least 8 days. 

The only fertile eggs from a pairing of a hybrid were laid by a 
female hybrid produced in the wild near Poughkeepsie, New 
York, from a mixed pairing between a male S. neglecta and a 
female S. magna’. This female hybrid was first successfully 
paired in 1968, when pairings with a male hybrid produced two 
clutches and a total of eight infertile eggs. In 1971, at 9 yr of age, 
she produced two fertile clutches: one of four eggs in a pairing 
with a male S. neglecta, and one of three eggs in a pairing with a 
male S. magna. However, in that same year she laid four infertile 
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eggs in a pairing with another male S. neglecta who had already 
bred successfully earlier in the season, and she laid a clutch of 
eggs in a second pairing with the male S. magna cited above, but 
the three eggs in this subsequent attempt proved to be infertile. 
A sibling female hybrid from the mixed pairing near Pough- 
keepsie was paired with one of my aviary-produced hybrids in 
1968 and produced four infertile eggs. I was unable to establish 
breeding pairs with the other hybrids from Poughkeepsie. 

Two of the backcross hybrids by the female hybrid cited above 
were hand-reared, but only one of these (a male, from Wx 
F, WE) was subsequently involved in a successful pairing. When 
2 yr of age this backcross hybrid male was paired first with a 
female S. neglecta, resulting in five infertile eggs, and later witha 
female S. magna, resulting in three infertile eggs. The female S. 
neglecta had bred successfully in my aviaries during each of the 
previous two years; the female S. magna produced fertile eggs 
before and after this unsuccessful pairing with the backcross 
hybrid. 

The ease with which hybrids were produced from mixed 
pairings of captive birds, given no choice of mates, tells us little 
about the incidence of hybridisation of meadowlarks in the wild, 
where behavioural and ecological isolating mechanisms 
effectively limit mixed pairings throughout most of the zone of 





Table 1 Fertility of eggs produced by captive eastern (E) and western (W) 





meadowlarks 
No. of fertile /infertile Total no. 
Category of eggs in complete of fertile/ 
pairing clutches infertile eggs  % Fertility 
Pure pairings 
W 4/0, 3/0, 3/0, 3/0, 2/0, 2/2 17/2 0.89 
E 3/1 3/1 0.75 
All pure pairings 20/3 0.87 
Mixed pairings (male x female) 
ExW 5/0, 5/0, 4/0, 4/0, 4/0, 33/0 1.00 
4/0, 3/0, 2/0,2/0 ` 
WE 4/0, 4/0, 4/0, 4/1, 3/0, 22/6 0.79 
3/1, 0/4* 

Ali mixed pairings 55/6 0.90 
Pairings of hybrids (male x female) 
F, WE x E 0/4, 0/3, 0/2, 0/2 0/11 0 
F,WE x W 0/4 0/4 0 
F,EWXxeE 0/3 0/3 0 
F,EWxW 0/4 0/4 0 
WxF WE 0/4, 4/0T 4/4 0.50 
WxF,EW 0/4, 0/4, 0/3 0/11 0 
EXxF,WE 0/3, 3/07 3/3 0.50 
EXxF,EW 0/4, 0/3 0/7 0 
F, WE x F, WE 0/4, 0/4, 0/4 0/12 0 
Backcross 

hybrid x W 0/5 i 0/5 0 
Backcross r 

hybrid x E 0/3 0/3 0 
All pairings 

of hybrids 7/67 0.10 





Earlier attempts to breed meadowlarks failed, presumably because the flight 
pens were too small and offered an insufficient area of natural sod for nesting 
substrate’. Ultimately I resorted to aviaries located in a grassland habitat at the 
American Museum of Natural History’s Kalbfleisch Field Research Station at 
Huntington, New York, that measured 12.2 x 4.9 x 2.7 m, thus providing 60 m? of 
sod per breeding pair and ample unobstructed space to permit the aerial 
components of courtship. The sources of the breeding stock were as follows: seven 
S. magna captured in New York and New Jersey (three as adults and four as 
nestlings); five S. neglecta captured as adults in California; four S. neglecta 
produced in my aviaries from pairings of the California birds, one S. neglecta 
trapped as a breeding adult near Poughkeepsie, New York’; six hybrids produced 
in captivity from the foregoing stock, and two hybrids produced naturally near 
Poughkeepsie, New York’. Mixed pairings were as readily achieved in the flight 
pens as were pure pairings. No choice experiments were conducted. Whenever 
possible hybrids were paired with mates known to have bred successfully to 
maximise the significance of the performance of the hybrids. Fertility of eggs was 
established by candling after a minimum of four days of incubation, when the 
embryos and air sacs are clearly visible. 

* This clutch involved a male in at least its tenth year of age (1978) that bred 
successfully between 1970 and 1975; he was not paired with hybrids after 1975. 

+ These eggs were laid by the same female F, hybrid and were the only fertile 
eggs produced by a hybrid; four other clutches (15 eggs) produced by this hybrid 
were infertile. 
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sympatry. The sterility of the captive hybrids is significant, 
however, and suggests that when infrequent hybridisation does 
occur in natural populations, the hybrids are at a disadvantage 
and are selected against, a conclusion that had been suggested 
earlier by Rohwer’s multivariate analysis of specimens from a 
region of sympatry*. The causal factors for the sterility are as yet 
unknown, but apply to hybrids of both sexes and to hybrids 
resulting from both categories of mixed pairings. Efforts to find 
abnormalities in the chromosomes of the hybrids have thus far 
been unsuccessful. The reduction in fertility is not accompanied 
by an obvious reduction in viability, for the captive hybrids 
appeared to be as healthy and vigorous as other captives. 

I thank the following for assistance in maintaining the captive 
birds: Mrs Vicky Lanyon, the late Edward Szalay (who was 
superintendent of the Kalbfleisch Field Research Station) and 
James Mansky (current superintendent of the station). 
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Errata 


In the letter ‘Common regulatory mechanism of expression and 
conjugative ability of a tetracycline resistance plasmid in 
Bacteroides fragilis’ by Privitera et al, Nature 278, 657, in 
paragraph 2 line 11 the molecular weights of the plasmids should 
read 27 and 28x10° and in line 15, 17x 10°. Similarly, in 
paragraph 11, line 3 the molecular weight should read 17 x 10°. 


In the letter by H. J. Chapman, Nature 277, 642, the word ‘age’ 
was omitted from the title which should read ‘2,390 Myr Rb-Sr 
whole rock age for the Scourie dykes of north-west Scotland’. 


Corrigenda 


In the letter ‘Sulphonation of cholinergic receptor disulphide 
bond increases response to ACh’ by A. Steinaker, Nature 278, 
358, lines 9-10 and the equation should read: The active agent is 
the sulphite ion, the reaction being 


RSSR+SO2°  RSSO; + RSH 


In the review article ‘Facts and hypotheses of molecular chem- 
ical tunnelling’ by V. I. Goldanskil, Nature 279, 109, on page 
113 in the left-hand column line 45, for ‘Sagan’*””’, ‘read Sagan? 
and Sagan and Khare’®’. In line 58 for ‘Sagan considers’ read 
‘Sagan and Khare consider’ and in line 71 for ‘According to 


Sagan" read ‘According to Sagan’* and Sagan and Khare’®”’. 
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Arena of technological policy 


Dorothy Nelkin 





Directing Technology. Edited by R. 
Johnston and P. Gummett. Pp. 271. 
(Croom Helm: London, 1979.) £10.95. 


BELIEF in the efficacy of techno- 
logical progress is increasingly tempered 
by awareness of its ironies. Techno- 
logical ‘improvements’ may cause 
disastrous environmental problems: 
drugs to stimulate the growth of beef 
cattle may cause cancer; ‘efficient’ 
industrial processes may threaten the 
health of workers; beneficial biomedical 
research may be done at the expense 
of human subjects; and a new airport 
may turn a neighbourhood into a sonic 
garbage dump. Even efforts to control 
technology may impose inequities, as 
new standards and regulations pit the 
quality of life against economic growth 
and the expectation of progress and 
prosperity. Indeed, the public policy 
discourse on directing technology has 
changed remarkably in the past ten 
years. How to promote and utilise 
technology for socially useful ends 
remains an important but no longer 
central issue; attention has shifted to 
a greater emphasis on ways of assessing 
and controlling potentially undesirable 
impacts. 

Directing Technology is a book of 
thirteen essays edited by Ron Johnston 
and Philip Gummett, both from the 
Department of Liberal Studies in 
Science at the University of Man- 
chester. The essays address the two 
thrusts of government involvement in 
the direction of technology: promotion 
through the encouragement of research 
and development, and control through 
regulation. Government intervention 
has increased in recent years, fostered 
by the growth and the scale of public 
investment in technology, by the im- 
portance of technology in international 
economics and politics, and by the 
increase in public criticism and concern. 
Various patterns of government pro- 
motion of technology through en- 
couraging research and development 
are explored in six case studies in the 


first part of the volume. They include 
cases in Western Europe (Keith Pavitt), 
Canada (lan Chapman) and Great 
Britain (Philip Gummett). Examples 
are drawn from specific industries: 
nuclear power (Roger Williams), 
aviation (John Hartland and Michael 
Gibbon), and motor vehicles (Peter 
Stubbs). 

The second half of the book focuses 
on mechanisms of control. The focus is 
primarily on the problem of safety, 
with chapters on the regulation of the 
automobile industry (Judith Reppy), on 
the enviromental impacts of technology 
(Dave Ewa and Harry Rothman), on 
pesticides (Brendan Gillespie), and on 
recombinant DNA (Edward Yoxen). 
Various mechanisms of control are 
discussed in this section: technology 
assessment (Michael Gibbons) and the 
role of parliaments (John Hartland). 

The book concludes with a most 
interesting article by Geoffrey Price, 
which-—perhaps deliberately—serves as 
a critique of the entire volume. Price 
observes that policies for promotion 
and control of technology express social 
goals and priorities: 


The differing approaches to the contro! 
of technology are themselves an expres- 
sion of the basic assumptions made 
within different political traditions about 
the coordination of general social goals 
with the detailed activities needed to 
attain them. In short, approaches to the 
regulation of technology are themselves 
particular instances of the political 
assumptions which articulate a given 
society—whether_ they be those of 
centralised planning, Burkean conserva- 
tive liberalism, or radical communitar- 
ianism. 

Price goes on to argue, as | would, for 
more overt recognition of the political 
context of decision-making concerning 
the direction of technology. The 
political assumptions underlying techno- 
logical decisions are often unstated, 
because it is convenient to maintain an 
image of neutral technology. But 
clearly decisions about promotion and 
control have significant social and 
political consequences. They may effect 
employment, the distribution of income, 


or occupational health and safety. The 
collaboration between industry and 
government discussed throughout this 
volume may have serious political im- 
plications for the ability to control 
technology, as the functions of pro- 
motion and control necessarily come 
into conflict. Can we talk these days of 
directing technology without discussing 
the problems of scientific research as 
well? Can we talk about the govern- 
ment’s role in the promotion of tech- 
nology without dealing with the 
contradiction between its efforts to 
promote as well as to control? 

Although this book is a very useful 
and timely collection of articles, | wish 
the editors had presented a detailed and 
critical analysis of such politically 
controversial problems, Several of the 
authors touch on political issues; the 
declining capacity of parliament to 
influence technology, or the secrecy of 
government institutions in dealing with 
the problem of pesticides. But, for the 
most part, the articles are relatively 
bloodless and bland. It is as if decisions 
in this highly political arena of tech- 
nology policy—political in the sense of 
its consequences for the distribution of 
costs and benefits—occur in an ideo- 
logical vacuum. 

One way to approach these political 
assumptions would be to develop the 
comparisons implicit in the essays. 
Different countries approach common 
technological problems in different 
ways depending on political expecta- 
tions and cultural styles. Comparative 
analysis can reveal assumptions under- 
lying decision-making processes and 
they can suggest a wider range of policy 
options. A lack of comparative analysis 
more generally marks the field of 
science and technology policy. This 
book, with its  case-studies from 
different countries, at least provides us 
with the opportunity. c] 


Dorothy Nelkin is a Professor in the 
Program on Science, Technology and 
Society at Cornell University, Ithaca, New 
York. 
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Speculations on 
micromolecular 
evolution 


The Genetic Mechanism and the Origin 
of Life. By L. S. Dillon. Pp. 563. 
(Plenum: New York and London, 
1978.) 


I FOUND this to be a strange book. The 
list of almost 3,100 references occupies 
127 of its 562 pages. This does not 
include the space in the text occupied 
by citations; I counted 23 on one page. 
Obviously, only perfunctory mention 
can be made of most articles to which 
the citations refer. An analogy to des- 
cribe the organisation of the first five 
chapters is that it seemed as if the 
author had been out in the fields with 
a butterfly net, industriously scooping 
up insects, which he sets before us in 
a display bewildering in its variety. His 
collection of topics includes everything 
from the origin of life, to the complete 
two-dimensional structure of MS-2 
RNA, and the amino acid sequences of 
six calf-thymus and sea-urchin histones. 

After this tour-de-force, the author 
proceeds to invent new theories from 
the stepwise evolutionary formulation 
of larger amino acids from smaller 
ones, such as alanine from glycine, and 
valine from aspartic acid. He says, for 
example, “In the author’s ldboratory, 
continuous bubbling of CO, through a 
0.1 [sic] aqueous solution of alanine at 
ambient and elevated temperatures for 
a week failed to produce any detectable 
aspartic acid (Dillon, unpublished)’, 
but he doesn’t give up; he next says, 
“Hence, the addition can probably be 
made only through enzymatic media- 
tion”. He does not mention that 
aspartic acid is formed biologically by 
transamination, but not from alanine. 
Grandiose but unrealistic schemes are 
also set forth for “chemical evolution” 
of lysine, isoleucine and other amino 
acids from aspartic acid. 

In chapter 7, Dillon proceeds to take 
sequences of tRNAs apart into small 
pieces and put them together again. He 
says that the absence of unmodified 
adenosine from the first site in anti- 
codons is included in constraints which 
“to the author’s knowledge ... have 
not been previously noted in the 
literature”. Actually, this is a well- 
Known characteristic and has a familiar 
explanation, not mentioned by Dillon. 
Adenosine in the first position of anti- 
codons is deaminated to inosine, 
(Biochim, Biophys. Acta, 213, 352, 
1970). which wobble-pairs with three 
different bases. The incorrect statement 
is made on p296 that “the triplet 

-CAA is consistently present at the 3’- 
terminus of the molecule” of tRNA. 


The next chapter, on “tRNA evolu- 
tion’, atempts at great lengths to 
construct a phylogeny by comparing 
base sequences of various arms of 
tRNA molecules. Such a procedure is 
at variance with results obtained by 
aligning and comparing the complete 
sequences of tRNA molecules (J. 
Molec. Biol. 78, 91; 1973), a method 
which shows that sequence changes 
have been so extensive as to obscure 
any phylogenetic relationship of nearly 
all tRNAs except for a few closely 
related pairs. 

In chapter 9, Dillon goes butterfly- 
collecting for odds and ends among the 
structures of viruses. At one point he 
briefly notes, but does not describe, the 
“blocked complex 5’-terminal struc- 
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ture” in reovirus and polyhedrosis 
virus RNA, discovered by Miura et al. 
(p402). This is, of course, the “cap” of 
eukaryotic mRNA, an appendage 
which Dillon (p131) strangely ignored 
in describing the structure of eukary- 
otic mRNA. The book concludes 
(chapter 10} with highly imaginative 
(or imaginary) and grandiose scenarios 
for the origin of life, including schemes 
for the stepwise evolution of small 
viruses into large ones. The voluminous 
bibliography, following chapter 10, is 
probably the most useful feature of the 
book. 

Thomas H. Jukes 





Thomas H. Jukes is in the Department 
of Biophysics and Medical Physics, Unt- 
versity of California, Berkeley, California. 





Protein 
phosphorylation 
Cyclic Nucleotides, Phosphorylated 


Proteins, and Neuronal Function. Dis- 
tinguished Lecture Series of the Society 
of General Physiologists. Vol. 1. By P. 
Greengard. Pp. 124. (Raven: New 
York, 1978.) $15.60. 





IN this slim volume, Professor Green- 
gard expounds his theory that protein 
phosphorylation is the final common 
pathway that mediates the biological 
effects of a wide variety of regulatory 
agents in addition to those that are 
known to act through cyclic AMP. It is 
really an extension of the ‘second 
messenger’ theory of cyclic AMP func- 
tion, in that protein phosphorylation is 
depicted as the immediate and physio- 
logically important result of increased 
cyclic AMP levels. However, Professor 
Greengard is nothing if not catholic in 
his enthusiasm for protein phosphory- 
lation, and the actions of steroid and 
peptide hormones, insulin, interferon, 
all the neurotransmitters (excepting 
acetylcholine at nicotinic synapses) as 
well as the diverse effects of calcium 
ions are all envisaged by him as pro- 
ceeding by this mechanism. 

One's unease develops as the list in- 
creases; can the expression of all this 
biological diversity really be channelled 
through the simple phosphorylation of 
protein? It is clear that the regulation 
of glycolysis proceeds by cyclic AMP- 
induced protein phosphorylation. Other 
cases exist, but the argument from the 
particular to the general is not well 
founded. The mere correlation of varied 
cyclic nucleotides with protein phos- 
phorylation in various circumstances is 
necessary but not sufficient to demon- 
strate it. It may be that protein phos- 
phorylation is a side-effect of increased 
cyclic nucleotide levels rather than a 
mandatory stage in the expression of 


their regulatory activity. 

And even if protein phosphorylation 
was a mandatory stage, does this tell 
us much about the processes anyway? 
After all even if the theory were true, 
the important questions surely are; 
what proteins in each individual case 
are phosphorylated and how does this 
affect their physiological activity? Pro- 
fessor Greengard would probably agree 
that these questions are important and 
protest that he is merely proposing a 
working hypothesis for the detailed in- 
vestigation of individual cases. But the 
trouble is that protein phosphorylation 
as a working hypothesis is so general 
and vague that it does not really help 
us formulate specific questions about 
regulatory mechanisms. 

I turn now to the particular role of 
protein phosphorylation in neuronal 
and synaptic activity, Professor Green- 
gard’s special interest. He has proposed 
a scheme whereby a neurotransmitter 
(presumably the author has nor- 
adrenaline in mind, though it is not 
specified) is bound to its postsynaptic 
receptor and activates adenyl cyclase; 
this stimulates protein phosphorylation 
which causes a permeability change 
and thus a change in the membrane 
potential. Now, as Professor Greengard 
shows, the phosphorylative and enzymic 
activities prescribed by the scheme are 
found in the synaptic region but it 1s 
by no means clear that phosphorylation 
of the membrane protein causes the 
membrane conductance change that is 
known to be caused by transmitter 
action. The best experimental evidence 
that the author can offer is that iso- 
proterenol (known to cause an in- 
crease in cyclic AMP) causes in turkey 
erythrocytes an increase in sodium 
influx, and protein phosphorylation, the 
dose-and  time-response curves of 
which are similar, There are various 
correlations but none distinguishes 
between protein phosphorylation being 
a result of an increased ion flux rather 
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Oxford University Press 


7 Disorder in Crystals 


N. G. Parsonage and L. A. K. Staveley 


This book surveys present knowledge of positiona! 


* disorder, orientational disorder, and magnetic 


disorder in stoichiometric crystals, and therefore 
deals with the nature and interpretation of order- 
disorder transitions. The relevantthermodynamics 
and statistical mechanics are discussed, and 
experimental methods for studying disorder 

are reviewed. £28 International Series of . 


Monographs on Chemistry 


Methods in Electromagnetic 


Wave Propagation - i 
D. S. Jones | 


There has been considerable research into the 


‘problems of the propagation of-electromagnetic 
‘waves during the past twenty years. This book 


deals with the analytical and numerical methods 
which have been developed. The book will be 
valuable to graduate students of applied 
mathematics and electrical engineering 
interested in the problems of radiating, ` | 
transmitting, and receiving electromagnetic 
waves. It includes numerous exercises. ` 


£22.50 Oxford Engineering Science Series ' 


The Mechanics 
of the Circulation 


C. G. Caro, T. J. Pediey, R. C. Schroter, 
and W. A. Seed > 


This book, first published tn hard covers in 1978, 
sets out to explain in physical terms many aspects 
of circulatory function, both normal and abnormal. ` 
"The book is a well-compiled production; the. 
photographs and diagrams are superb and easy 

to follow... .. It will be usefulto undergraduates 

in physiology and biophysics!’ British Medical 
Journal. llustrated paper covers £11 | 
Oxford Medical Publications 
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_ Statistics for Psychology: | 
_doan Gay Snodgrass .. 


This book describes a conceptual approach to the 
subject of statistics by describing the concepts 
underlying statistical methods with abundant use 


.of examples drawn from the psychological 


literature. It-also provides a practica! handbook of 


` Statistical methods to cover the more complicated 


techniques necessary for the analysis of typical 
experiments. The hard-cover edition remains 
available at £11. Paper covers £5.95 - 
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Plant Strategies and Vegetation | 


Processes 


by J.P. Grime, Unit of Comparative Plant Ecology {NERC}, 
Department of Botany, University of Sheffield. 


The purpose of this book is to distil from the wealth of theory 
and evidence available to plant ecologists, a succinct 
description of the way in which vegetation functions and is 
caused to vary in composition from place to place and with the 
passage of time. 

The method which is used involves the recognition of the major 
adaptive strategies in plants, followed by an analysis of the role 
of strategies in the processes which control the structure, 
dynamics and species composition of vegetation, 

The concept of strategies is applied systematically to a wide 
range of plant and criteria relating to both life-histories and 
physiology are employed. Special attention is devoted to 
regenerative strategies and on this subject, in particular, the 
book contains a considerabie amount of hitherto unpublished 
data. 

Although the central concern is to recognize unifying principles 
in plant ecology opportunities have been taken to extend the 
ideas to animals and to discuss some of the practical 
implications of the phenomena described. 


April 1979 
0471 99695 5 
0471 99692 0 


Arthropod Phylogeny with Special 


References to Insects 
by H.B. Boudreaux, Louisiana State University. 


The author elucidates the major evolutionary pathways of the 
Phylum Arthopoda, based “on the phylogenetic method of 
Hennig. Groupings are assembled so that each group is based 
on shared character states which can be considered to be 
derived from a ground plan, and further modified in each 
subgroup. Emphasis is on the discovery of derived character 
states that most probably had a common origin in an ancestral 
state. 


May 1979 328 pages 
0471 04290 0 $28.50/£15.00 


The Global Carbon Cycle: SCOPE 13 


edited by B. Bolin, Department of Meteorology, 

University of Stockholm, 

E.T. Degens and S. Kempe, both of the Geological 
Paleontological Institute, University of Hamburg 

and P. Ketner, Departrment of Ecology, Agricultural University 
of Wageningen, Netherlands. 


SCOPE’'S project on Biogeochemical Cycles has provided a 
forum to assess existing knowledge on the carbon cycle and to 
define fields of ignorance. The results and recommendations of 
a six day workshop with about fifty internationally renowned 
natural and social scientists participating, and a subsequent 
one year intensive study by a working group, have been laid 
down in SCOPE Report 13. Here, a comprehensive and well- 
balanced discussion is given on the many facets of the carbon 
cycle highlighting model calculations; sinks and sources of 
carbon; kinetics of transfer and exchange between the various 
carbon pools; the problem of the build-up of CO2 in the earth's 
atmosphere; assessment of primary production on land and at 
sea; research priorities in the field of the carbon cycle; the 
impact of humans on the natural environment: recommend- 
ations to improve environmental quality. (SCOPE Series) 


April 1979 528 pages 
0471 99710 2 (paper only) $45.00/£17.50 


234 pages 
(cloth) $27.50/£11.50 
(paper) $12.50/£4.95 
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Food, Climate, and Man 


edited by Margaret R. Biswas and A.K. Biswas, 
both of Biswas & Associates, Ontario, Canada. 


Edited and written by nine of the world’s leading scientists this 
provides a comprehensive analysis of man’s need for food and 
his impact on the availability of food-producing resources — 
soil, water, and climate, It emphasizes the necessity for 
development of long-term, self-sustaining strategies, with 
reference to the research of well-known international 
authorities who have witnessed environmental and agricult- 
ural production problems in many parts of the world. 
(Environmental Science and Technology Series} 


June 1979 
0471 03240 9 


Principles of Nutrition 4th Ed. 


by Eva D. Wilson, Ohio State University; 

Katherine H. Fisher and P.A. Garcia, Jowa State University. 
A comprehensive discussion of the basics of nutrition, 
examining such fundamentais as diets, food nutrients, energy, 
obesity, and under-nutrition, as well as controversial issues 
including the function of dietary fibre, the effects of vitamin 
megadoses, and the role of diet in coronary disease. 
Reorganised for greater clarity, this edition contains new 
chapters on important concepts in biology, physiology, and 
chemistry related to nutrition; processes of digestion, 
absorption, and metabolism: dietary allowances and standards: 
and dietary goals for the United States. 
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0471 02695 6 


312 pages 
$33.20/£16.75 


622 pages 
$20.35/ £9.50 


Hunger Disease: Studies by the Jewish 


Physicians in the Warsaw Ghetto 


edited by M. Winick, Columbia University Coliege of Physicians 
and Surgeons. 


A translation from the Polish of a manuscript smuggled out of 
the Warsaw Ghetto that details studies performed by the 
resident Jewish physicians on patients suffering from Nazi- 
imposed starvation. Some of the findings were firsts in the 
medical literature and others remain unique today. Each 
chapter of the book is followed by extensive comments by the 
editor — bringing the information up-to-date and outlining the 
most recent findings in the particular area discussed. Topics 
include: clinical changes in adults; clinical changes in children; 
metabolic adaptations including carbohydrate and acid base 
metabolism; pressure, venous and aertial pressure, oxygen 
consumption, and cardiac work measurements; changes inthe 
eye and in vision; changes in the biood and bone marrow; and 
pathologic anatomy. (Series: Current Concepts in Nutrition 
Vol 7} 
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A Textbook of Human Anatomy 2nd Ed. 
by R.C. Crafts, University of Cincinatti College of Medicine. 


A clear, easily understandable text that teaches anatomy by 
body region rather than by body system. it includes high- 
quality, atias-style illustrations throughout, which depict 
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than its cause. I believe this to be 
crucial; but even if it were conceded 
it is a far cry from the permeability 
changes of the turkey erythrocyte 
membrane, measured in minutes, to 
that of the synapse measured in milli- 
seconds. Indeed, the whole problem of 


timing 1s ignored by Professor Green- 


gard. As it is proposed that the mem- 
brane conductance change results from 
the sequential action of two enzymes, 
it is surely incumbent on the author 
to show that the substrate con- 
centration and enzyme activities are 
sufficient to enable protein phosphory- 
lation to be fast enough to account 
for the speed of the permeability 
changes. 

In another section Professor Green- 
gard described his experiments in which 
calcium influx into synaptosomes causes 
a phosphorylation of a particular 
protein (protein I) that he has identi- 


Photosynthetic 
bacteria 


The Photosynthetic Bacteria. Edited 
by R. K. Clayton and W. R. Sistrom., 
Pp. 946. (Plenum: New York and 
London, 1979.) 


THIS very ambitious book attempts fo 
provide an overall review of the present 
state of knowledge on all aspects of 
the study of photosynthetic bacteria at 
the highest level. It contains review 
articles by experts in many fields 
reflecting the importance of photo- 
synthetic bacteria as excellent 
“simple” systems for studies of 
photosynthesis, membrane biogenesis, 
heam and carotenoid biosynthesis, and 
so on, This encyclopaedic approach has 
advantages and disadvantages. The 
main advantage of this book is that it 
provides an enormous amount of basic 
information about photosynthetic 
bacteria in readily accessible form. It 
must therefore become an essential 
reference work for any laboratory 
doing research on these organisms. 
However, the book has a number of 
disadvantages which arise from the 
attempt to be completely comprehen- 
sive. Almost every topic is covered by 
two chapters by different authors. This 
results in considerable duplication of 
material, even to the extent of printing 
the same electron micrograph in two 
chapters, and of course in conflicting 
interpretations. The result is to make 
the book much larger and more 
difficult to use than is required by the 
subject. 

A more serious problem is that the 
book is out of date. It would seem 
that many, although not all, of the 


fied as being only present in the syn- 
aptic region. This is interesting, but he 
concludes (p77) “that calcium is a 
regulatory agent some of whose affects 
may be mediated by protein phosphory- 
lation”, It may; but these experiments 
have only demonstrated that protein 
phosphorylation is one of the many 
sequelae of depolarisation in the pres- 
ence of calcium, which is not the same 
thing at all. And it is this type of 
reasoning which eventually alienates 
support from the author’s general 
hypothesis; this is a pity, as the subject 
of protein phosphorylation, to which 
Professor Greengard has made dis- 
tinguished contributions, deserves care- 
ful analysis without preconception as 
to its rôle. 

R. M. Marchbanks 
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R. M. Marchbanks is Senior Lecturer in 


the Department of Biochemistry at the 
Institute of Psychiatry, London, UK. 


chapters were completed in 1975, with 
minor updating to 1977, Although this 
is not too important for much of the 
background information, it is disastrous 
for articles dealing with rapidly moving 
research areas. The problem is made 
worse by variations in the amount of 
updating authors have done, and the 
confusion of multiple chapters dealing 
with each subject. For example, the 
chapter on primary electron acceptors 
does not mention the role of bacterio- 
phaeophytin in the reaction centre, 
because, as the author states, it was 
written in 1975 before this work was 
published. The work is in fact described 
in varying detail in three other 
chapters, although the chapter titles 
would not lead the uninitiated reader 
to look in them for this information. 
The book is an excellent source of 
information on photosynthetic bacteria, 
but it must be used with a fairly critical 
attitude. It cannot therefore be rec- 
ommended to non-specialists as a 
completely satisfactory dictionary of its 

subject. 
M. C. W. Evans 


l 


M. C. W. Evans is Reader in Plant 


Chemistry at University College, London, 
UK. 


@® An English language edition of 
Einstein by Louis de Broglie, Louis 
Armand, Pierre-Henri Simon et al, 
originally published in French by 
Hachette (Paris) in 1966, has now been 
published by Peebles Press International 
(New York) and David and Charles 
(Newton Abbot, UK) at £7.50. 


@ The 


Runaway Universe by Paul 
Davies (for review, see Nature, 272, 
785: 1978) has been published in paper- 


back as Stardoom (Fontana: London), 


price 95p. 
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Capture-recapture 
methods 


Investigating Animal Abundance. By 
M. Begon. Pp. 97. (Edward Arnold: 
London, 1979.) Paperback £3.95. 


StupyiInG the population dynamics or 
genetics of a natural population re- 
quires some knowledge of the changes 


in absolute population density over a 


period of time or between different 
locations. From this follows the oppor- 
tunity to quantify the processes of 
birth and death, emigration and immi- 
gration. Adequate techniques for esti- 
mating population size are therefore of 
crucial importance to the study of 
natural populations. 

Michael Begon has gathered together 
in a short volume a guide to a family 
of techniques for estimating absolute 
population size, all involving the mark, 
release and recapture of individuals 
from a population. These techniques 
(for example, Lincoln Index, Bailey’s 
Triple Catch, Fisher-Ford Method, 
Jolly’s Stochastic Method and Manly- 
Parr Method) have proved useful in 
the study of many populations from 
fruit flies, mosquitoes and grasshoppers 
to brown rats and salmonids. In the 
past, these capture—recapture methods 
have been a favourite hunting ground 
for statisticians who have delighted in 
the undérlying theory, Begon is a 
biologist and has written for biologists, 
hoping to show “the essential simpli- 
city of the mathematical techniques” 
and their potential as a biological 
weapon. In this he succeeds by virtue 
of a succinct prose, a clear lay-out and 
the good use of worked examples. 

Capture-recapture methods are, 
however, only one of many techniques 
for estimating population size. This is 
very clear from T. R. E. Southwood’s 
book, Ecological Methods (Chapman 
and Hall: London, second edition; 
hardback £10, paperback £3.75; for 
review, see Nature 278, 673; 1979), 
where over 50 pages are devoted to 
mark~release—recapture, but also nearly 
100 pages to other methods for esti- 
mating absolute population size and a 
further 50 or so to techniques for rela- 
tive population estimates. With Begon’s 
aim of putting the biologist and his 
problems foremost, I would have liked 
to see, if only in passing, the subject 
viewed in its wider context. 

Nevertheless, this book will be valu- 
able for students who have to learn 
capture-recapture methods, for their 
teachers or for anyone contemplating 
their use in a research project. 

M. P. Hassell 


M. P. Hassell is Reader in Insect Ecology 
at Imperial College, University of London, 
UK. 
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One-dimensional 
conductors 


Highly Conductine One-Dimensional 
Solids. Edited by J. T. Devreese, R. P. 
Evrard and V. E. Van Doren. (Plenum: 
New York and London, 1979.) £26.77. 


‘ONE-DIMENSIONAL CONDUCTORS’ are 
very popular at present because of the 
great diversity of physical phenomena 
which they exhibit. There are, of 
course, no truly one-dimensional con- 
ductors, and what we are dealing with 
are highly anisotropic solids composed 
on linear or chain-like structures. The 
systems which are discussed in some 
detail in this book are KCP or 
Ko Pt(CN).. Bro a 2 H:O, and the 
organic charge transfer system TTF- 
TCNO and its derivatives. In these 
solids the electronic anisotropy is the 
result of the directional nature of the 
orbitals involved in the formation of 
the conduction band. Mechanically, 
these two systems are almost isotropic. 
Other very anisotropic systems would 
include the (SN), polymer, NbSe;, and 
polyacetylene—halogen complexes. 

One of the main interests in the 
study of these systems is the search 
for high electrical conductivity or high 
temperature Superconductivity. A 
theoretical paper by Little in 1964, in 
which an electron—exciton interaction 
was proposed as a likely mechanism for 
high temperature superconductivity has 
been an underlying influence in this 
work. Following this, initial reports by 
the Pennsylvania group in 1973 on the 
high conductivity of TTF-TCNQ 
below room temperature, sparked off 
the present spate of activity. Since 
then, the observation of incommen- 
surate superstructures, which have 
been interpreted as Peierls distortions, 
forms an important aspect of this 
work. The degree to which one dimen- 
sional fluctuations depress the Peierls 


transition to zero temperature, and 
the competition between electron 
electron coulomb repulsion and 


electron-phonon coupling on the 
Peierls transition, provide some of the 
main interests which are discussed in 
great detail in this book. 

This is the most coherent treatment 
which has so far been given on the 
subject. The book consists of eight 
chapters written by well known experts 
deeply involved in the subject. The 
chapters are by Berlinsky, Comes and 
Shirane, Heeger, Schultz and Craven, 
Sham, Emery, Gutfreund and Little, 
and Bardeen. 

It is, of course, impossible to cover 
even the main points in a short review. 
The book leans heavily on the more 
physical aspects, and even here perhaps 
on the more theoretical problems. This 
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Top left, Madonna Lily, etching by 
Nicolas Robert, from his Diverses 
Fleurs (1675); top right, White Lily, 
aquatint by J. C. Stadler, in R. J. 
Thornton’s Temple of Flora (1799- 
1807); bottom, Crocuses, line en- 
graving by Crispin de Passe, from 
his Hortus Floridus (1614). 

A new exhibition, entitled Flowers in 
Art from East and West, opened at 
the British Museum on 10 May and 
will continue until 9 September, 1979. 
The exhibtion brings together a wide 
range of floral art, including the work 
of many of the greatest painters and 
draughtsmen working in many parts 
of Europe and Asia from the ninth 
century AD to the present day. The 
various techniques of European print- 


should not frighten off those interested 
in the more experimental or chemical 
side of this topic, as there is a good 
deal to learn from the contents. It is 
certainly the best treatment of the 
subject of one-dimensional systems that 







making and the woodblock printing of 


the Far East are also illustrated. A 
book of the same title, from which 
the above illustrations are taken, is 
being published simultaneously by the 
British Museum Publications Depart- 
ment. Paul Hulton, Deputy Keeper of 
Prints and Drawings, and Lawrence 
Smith, Keeper of Oriental Antiquities, 
provide not an accompanying cata- 
logue to the exhibition but a proper 
book which can be read on its own 
and which covers the development of 
floral art, starting with the early 
manuscripts of the Byzantine Empire. 
The book is beautifully produced, 
with both colour and black and white 
illustrations, in hardback (£7.95) and 
paperback (£3.95). 


I have seen, and it can be warmly 
recommended. 
A. D. Yoffe 


A. D. Yoffe is Reader in Physics at the 
Cavendish Laboratory, University of 
Cambridge, UK. 
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obituary 





Leland J. Haworth 


Dr Letanp J. Haworru, prominent 
physicist, administrator and govern- 
ment official, died on 5 March 1979, 
in Port Jefferson, New York, at the age 
of 74. A former director of the Brook- 
haven National Laboratory, com- 
missioner of the United States Atomic 
Energy Commission, and director of 
the United States National Science 
Foundation, he brought to those 
organisations a wealth of experience as 
a teacher, a research scientist, a project 
leader and a science administrator. 

His activities were not restricted to 
science development in the U.S. only. 
A strong advocate of international co- 


operation in science, he played an 
active role in fostering such CO- 
operation. 

Leland Haworth first became in- 


volved with ‘big science’ when he was 
engaged in major microwave radar 
research and development programmes 
at the Massachusetts Institute of Tech- 
nology’s Radiation Laboratory from 
1941 to 1946. His responsibilities grew 
from those of a components develop- 
ment engineer to those of head of the 
Receiver Components Division and a 
member of the laboratory's steering 
committee. His specialty was elec- 
tronics, especially in data presentation 
and precision instrumentation. 

Following a brief return to the 
University of Illinois as professor of 
physics, Haworth in 1947 joined the 
Brookhaven National Laboratory 
(BNL) as assistant director in charge 
of special projects. Brookhaven was 
established in 1946 by the United States 
Government and Associated Univer- 
sities, Inc. (AUI) as a multidisciplinary 
research institution, a primary purpose 
of which was to provide special 
facilities essential for basic research in 
nuclear and related sciences. 

Haworth was appointed director of 
Brookhaven in 1948. He stimulated the 
development of a truly user-oriented 
philosophy of service to the scientific 
community, including the development 
and provision of ever more advanced 


facilities. In the early 1950s the 
Cosmotron (a 3.0GeV proton accel- 
erator) and the graphite research 


reactor were brought into service. The 
30 GeV alternating gradient synchro- 
tron (AGS) was authorised in 1954, 
brought into operation in 1960, and 
today remains one of the key elements 
in the United States high energy 
physics programme. Similarly, under his 


Brookhaven National Laboratory 


direction, construction of the high flux 
beam reactor (40 MW) was initiated in 
1959, and today it is still the major 
U.S. research reactor providing ex- 
ternal high intensity beams of neutrons 
for research in physics, chemistry and 
biology. 

Haworth’s position as director of 
Brookhaven and his personal interest 
in high energy accelerator development 
were of great benefit to CERN both in 
the initial planning and development 
of that institution and in bringing the 
alternating gradient focusing concept, 
through CERN and BNL joint studies, 
to a reality in the Brookhaven AGS 
and the CERN proton synchrotron. 
This close cooperation between the 
two institutions has continued. 

From 1951 to 1960, Haworth also 
served as vice president of Associated 
Universities, Inc. He was named 
president in 1960 and held that post, 
while continuing as laboratory director, 
until the spring of 1961. 

Leland Haworth immersed himself 
completely in every activity he under- 
took. His drive, his insistence on facts 
and accuracy, his pursuit of excellence 
and his clarity of expression were hall- 
marks. If Haworth did it, it was done 
well. It might have taken longer but it 
was done correctly. His leadership and, 
above all, his consideration for staff 
and regard for their capabilities and 
achievements earned the respect and 
admiration of all of his associates. 

Haworth’s influence extended beyond 
Brookhaven: his services were in 





demand as a member of numerous 
study groups and advisory panels—for 
the White House, the Department of 
Defense and other U.S. Government 
Agencies. 

In 1961, President John F. Kennedy 
appointed Haworth commissioner of 
the U.S. Atomic Energy Commission. 
He rapidly became involved in matters 


of national security, civilian energy 
development and the support of 
fundamental research. AS a com- 


missioner, he was heavily involved in 
the nuclear weapons development pro- 
gramme and in the preparation of the 
1962 AEC Report to the President on 
civilian nuclear power. 

Haworth recognised the urgent need 
for restraint in nuclear weapons de- 
velopment, especially in the test pro- 
grammes then carried out primarily in 
the atmosphere. He advocated a test 
ban that could be readily monitored by 
national means, an approach that led 
to the limited test ban treaty prohibit- 
ing testing in the atmosphere and under 
water. 

The Atomic Energy Commission's 
1962 Report to the President on civilian 
nuclear power was a masterpiece of its 
time. It was a major governmental 
energy planning document and, though 
its thrust was nuclear, reference was 
made to the need for conservation and 
to the development of coal resources. 
Haworth’s analytical approach, rigor- 
ous logical presentations and other 
contributions to the study gave it sub- 
stance and credibility and set the tone 
for what is now a necessary ingredient 
of all energy planning. 

President Kennedy asked Haworth 
to leave the Atomic Energy Com- 
mission in order to become director of 
the National Science Foundation; he 
assumed office on 1 July, 1963. During 
Haworth’s six-year term, he brought 
the foundation to maturity in a period 
that saw great expansion of federal 
support for the conduct of basic 
science. He guided the development of 
a programme which increased the 
number of high-quality institutions 
across the nation, and he pioneered 
NSF efforts to link fundamental 
science to applied science and tech- 
nology. 

Haworth returned to AUI in 1969 
as special assistant to the president. He 
continued as a consultant to the 
president and to the BNL director 
following his retirement in 1977. 

Leland John Haworth was born in 
Michigan on 11 July 1904. He grew 
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up in Indiana and attended Indiana 
University, receiving his AB in 1925 
and AM in 1926, both in physics, In 
addition to his academic pursuits, he 
participated in varsity baseball and 
tennis. He received his PhD in physics 
from the University of Wisconsin in 
1931. 

He was an instructor in physics at 
the University of Wisconsin from 1930 
to 1937. During his graduate work and 
until 1934, he did research in solid 
state physics, specialising in the surface 
structure of metals. In 1934 he switched 
to nuclear physics, which thereafter 
remained his principal field. 

Following one year as a Lalor Fellow 
in physical chemistry at the Massa- 
chusetts Institute of Technology, 
Haworth, in 1938, joined the physics 
department of the University of 
Illinois. His association with Illinois 
continued until 1947 except for five 
years of war-time leave at MIT. 

Dr Haworth was a member of the 
board of directors of Oak Ridge 
Associated Universities (ORAU) from 
1959 to 1961, and again from 1971 to 
February 1978, when he was elected 
director emeritus—-the first time 
ORAU had made such an appointment. 

He was a member of the National 
Academy of Sciences, the American 
Philosophical Society, Phi Beta Kappa 
and Sigma Xi. He was a fellow of the 
American Physical Society, the New 
York Academy of Sciences, the 
American Academy of Arts and 
Sciences, and the American Nuclear 
Society (member of board of directors, 
1955-60; president, 1957-58). 

For his work during World War II, 
Haworth received the  President’s 
Certificate of Merit. A mesa in the 
Antarctic and an asteroid have been 
named in his honour. He was the 
recipient of many honorary degrees. 

The name of Haworth is synony- 
mous with meticulous care for the work 
at hand. His traits of objectivity. 
attention to detail and sensitivity to the 
problems of others influenced all who 
worked with him, and we are the better 
for it. The institutions with which he 
worked have been left with a Haworth 
heritage, and they are the better for it. 

Gerald F. Tape 


W. R. Aykroyd 


Dr WaLLace RUDDELL AYKROYD, CBE, 
who died on 7 February 1979, aged 79, 
was a nutritionist of international re- 
known since the early days of his 
career. His ability for meticulous work 
and great clarity of thought were soon 
recognised and his powers of organisa- 
tion and administration left their mark 
in the many posts of distinction he held, 
particularly as the first Director of the 
Nutrition Division of the Food and 
Agriculture Organisation of the United 


Nations from 1946 until 1960. His 
capacity to marshal facts and produce 
scientific reports in stylish and fluent 
prose made his publications important 
and influential in the fields of nutrition, 
public health and agriculture. 
Graduating in medicine at Trinity 
College, Dublin, in 1924, where he was 
awarded the Vice-Chancellor’s prize in 


English prose, he was appointed Housé 


Surgeon at the General Hospital, St 
John’s, Newfoundland. He became in- 
terested in the deficiency diseases of the 
poorer fishermen and published an 
article on vitamin A deficiency in 1928 
and a comprehensive report, ‘Beriberi 
and other Deficiency Diseases in New- 
foundland and Labrador’, in the 
Journal of Hygiene in 1930. This 30- 
page report illustrates well the qualities 
which were to become the hallmark of 
his work—-a broad approach, clear pres- 
entation of facts and a deep compas- 
sion for the unfortunate victims of 
malnutrition. He recognised that the 
diseases found were not due to deficien- 
cies of single nutrients but multiple 
deficiencies due to poverty and a mon- 
otonous winter diet. His findings were 
used, and confirmed, by a team, which 
included B. S. Platt and W. H. Sebrell, 
conducting a medical survey of nutri- 
tion in Newfoundland some fifteen 
years later. 

After his appointment to the Health 
Organisation of the League of Nations 
in 1931 he pursued his research into 
the link between malnutrition and 
poverty at a time of international re- 
cession and severe unemployment. His 
report, Diet in Relation to Small 
Incomes, published by the League of 
Nations in 1933, included a scholarly 
discussion on adequate dietary stan- 
dards and satisfactory nutrition at low 
cost and his critical appraisal and dis- 
trust for the high protein allowances 
recommended was well in advance of 
his time and makes salutary reading 
today. The report is a valuable his- 
torical record of the time, containing 
studies of working class diet and expen- 
diture on food in Germany, England 
and the USA. 

The Health Organisation of the 
League of Nations decided, in 1934, 
that a general report on nutrition was 
needed after some ten years of studies 
of nutrition in the field of public health. 
Dr Aykroyd and Dr Etienne Burnet 
were asked to undertake this by making 
a series of enquiries in different coun- 
tries and to report on nutritional status, 
research and policies. Their publication, 
Nutrition and Public Health, printed by 
the League of Nations in 1935, was an 
important statement of the current 
nutrition situation and was used exten- 
sively by international committees in 
public health and agriculture as well as 
the International Labour Office. Fol- 
lowing this report the Health Organisa- 
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tion set up a Technical Commission for 
the Study of Nutrition which convened 
meetings of groups of experts who then 
produced reports (a procedure con- 
tinued by FAO and WHO). The first 
report, The Physiological Bases of 
Nutrition (1936), relied heavily on the 
findings of the Aykroyd and Burnet 
report. 

Following his appointment as 
Director of the Nutrition Research 
Laboratories in Coonoor, India, in 
1935, Dr Aykroyd continued his work 
as an expert for the Technical Commis- 
sion including research on the effect on 
nutrients of the milling of cereals and 
the influence of climate on food re- 
quirements. His work in India greatly 
enhanced the reputation of nutrition 
research in that country and the world 
famous Indian National Institute of 
Nutrition at Hyderabad was the result 
of his efforts. To this day, revised 
editions of The Nutritive Value of 
Indian Foods and the Planning of Satis- 
factory Diets retains his name as prin- 
cipal author in recognition of his 
original concepts for the work. 

During his period at FAO from 1946 
Dr Aykroyd’s leadership gave the Nutri- 
tion Division a fine start and the reports 
of the Expert Committees (some jointly 
with WHO), which owed a lot to his 
guidance and editing, are consulted 
throughout the world. After his retire- 
ment from FAO, in 1960, he joined 
Professor B. S. Platt at the Depart- 
ment of Human Nutrition, London 
School of Hygiene and Tropical Medi- 
cine, where, as Senior Lecturer, he 
helped to set up regular courses which 
led to the present MSc in Human 
Nutrition, attended by graduates from 
all over the world. He wrote several 
books at this time including Food for 
Man and The Conquest of Deficiency 
Diseases which explained nutritional 
problems in terms understandable and 
interesting for the untrained reader. 
During his work as co-author of the 
FAO Studies, Legumes in Human 
Nutrition and Wheat in Human Nutri- 
tion he was able to indulge in his love 
of history as well as use his powers of 
marshalling a mass of facts into lucid 
and readable prose. 

This interest in history, which had 
led to the writing in 1935 of Three 
Philosophers, one of whom had been 
his great hero, Lavoisier, was also 
evident in his book Sweet Malefactor : 
Sugar, Slavery and Society. 

During his active retirement he 
carried on with nutrition consultancy 
work for WHO and OXFAM and 
found time to write The Conquest of 
Famine. A fitting tribute was made 
when this received the first award of 
a joint book award scheme of the 
British, Swedish and American Nutri- 
tion Foundations. 

Joyce Doughty 
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Appointments 


The National Academy of Sciences has 
elected 15 distinguished scientists from 
seven countries as foreign associates of 
the Academy: Neil Bartlett (UK), pro- 
fessor of chemistry, University of 
California, Berkeley, California; 
Donald O. Hebb, chancellor (retired), 
McGill University, Montreal, Canada; 
John R. Hicks, professor emeritus, 
University of Oxford, All Souls Col- 
lege, Oxford, UK; Sir Andrew F. 
Huxley, Foulerton research professor 
of the Royal Society, University Col- 
lege, London, UK; Pierre Joliot, chef 
de service, Institut de Biologie Physico- 
Chimique, Paris, France; Michael S. 
Longuet-Higgins, Royal Society 
research professor, department of 
applied mathematics and theoretical 
physics, University of Cambridge, UK; 
Mary Lyon, head, genetics section, 
Medical Research Council Radiobio- 
logy Unit, Berkshire, UK; Digby Johns 
McLaren, director general, Geological 
Survey of Canada, Ontario, Canada; 
Sir Gustav J. V. Nossal, director, 
Walter and Eliza Hall Institute of 
Medical Research, Melbourne, Aus- 
tralia; Alan Robertson, deputy chief 
scientific officer, Agricultural Research 
Council, Animal Breeding and Genetics 
Research Organisation, Edinburgh, UK; 
Abdus Salam, professor of physics, 
Imperial College, London, UK; Jean- 
Pierre Serre, chair of algebra and 
geometry, College de France, Paris, 
France; Roger Y. Stanier, professor, 
department of biochemistry and 
microbial genetics, Institut Pasteur de 
Peris, Paris, France; Cornelius A. G. 
Wiersma (Netherlands), professor of 
biology, California Institute of Tech- 
nology, Pasadena, California; Yakov B. 
Zeldovich, academician, Institute of 
Applied Mathematics, Academy of 
Sciences, Moscow, USSR. 


The Royal Society has elected the fol- 
lowing as Foreign Members of the 
Society: Dr Julius Axelrod, Chief of 
the Section of Pharmacology at the 
National Institute of Mental Health, 
Bethesda; Professor Joshua Lederberg, 
President of the Rockefeller University, 
New York; Professor Jerzy Neyman, 
Professor and Director of the Statis- 
tical Laboratory at the University of 
California, Berkeley; Professor Yakov 
Borisovich Zeldovich, Professor at the 
Institute of Chemical Physics in the 
Academy of Sciences, Moscow, USSR. 


The Council of the Royal Society has 
appointed Professor R. K. O’Nions to 
a Royal Society Research Professorship 
under the scheme established in 1962 
with support from HM Government for 
the Royal Society Research Professor- 
ships in universities in the UK. 


Dr Austin Woodland, CBE, the present 
Director of the Institute of Geological 
Sciences, is to retire at the end of May 
this year and the Natural Environment 
Research Council has appointed Pro- 
fessor G. M. Brown, at present 
Professor of Geology at the University 
of Durham, to succeed him. 


Dr Patrick Grove, Group Managing 
Director of the Radiochemical Centre 
is retiring on 16 May 1979. He will be 
succeeded by Dr J. Stuart Burgess who 
has been made a director of the com- 
pany from 3 May 1979. 


Sir Charles Pereira, formerly chief 
scientist, Ministry of Agriculture, 
Fisheries and Food, has been appointed 
Royal Society Inter-University Council 
Visiting Professor at the University of 
Nairobi, under a scheme to help scien- 
tific interchange between the UK and 
the Commonwealth. 


J. G. Dawson, Chairman and Manag- 
ing Director of the Zenith Carburetter 
Company Limited, has been elected the 
new President of the 72,000-member 
Institution of Mechanical Engineers. 


The Agricultural Research Council has 
approved the appointment of Professor 
John Postgate as Director of the Unit 
of Nitrogen Fixation, University of 
Sussex, when the present Director, 
Professor Joseph Chatt, retires in 
March 1980. 


The Governing Body has appointed 
Dr Peter R. Day to become Director 
of the Plant Breeding Institute from 
2 July 1979. 


Dr John P. Hearn has been appointed 
Director of the Wellcome Laboratories 
of Comparative Physiology, Institute 
of Zoology, The Zoological Society of 
London and will take up his appoint- 
ment on 1 September 1979. 


Dr R. W. Nesbitt, Reader in Geology 
at Adelaide University, has been 
appointed to a Chair of Geology with 
effect from 1 September 1979. 


Dr David J. Sherratt has been appointed 
to the Chair of Genetics in the Uni- 
versity of Glasgow with effect from 
1 April 1980. 
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Mr Christopher Ian Pogson, at present 
Lecturer in Biochemistry in the Uni- 
versity of Kent at Canterbury, has 
been elected to a Chair of Biochemistry 
at the University of Manchester. 


Dr Robert M. Farr, Lecturer in Social 
Psychology at University College 
London, has been appointed to the 
newly established second Chair in 
Psychology in the University of Glas- 
gow from 1 October 1979. 


The British Committee of Award 
announces the following appointments 
to Harkness Fellowships of the Com- 
monwealth Fund: P. H. Allen (Fresh- 
fields, and Exeter College, Oxford) 
Business Administration; C. R. Bean 
(H.M. Treasury) Economics; Miss A. 
Campbell (Department of Psychology, 
University of Oxford) Psychology; 
H. J. Davies (H.M. Treasury) Manage- 
ment Studies: Miss J. Dodd (King’s 
College, Cambridge) Neurobiology; 
Miss R. Elias (BBC Television) Jour- 
nalism; P. J. Fray (Clare College, 
Cambridge) Physiological Psychology; 
L. N. Goldman (Jesus College, Cam- 
bridge) American History; Ð. M. 
Herman (Trinity College, Cambridge) 
Literature; H. D. Keelan (Queen’s 
College, Cambridge) Music; Miss S. 
Laird (St Anne’s College, Oxford) 
Soviet Studies; S. F. Lee (Balliol Col- 
lege, Oxford) Law; G. A. M. Leggatt 
(King’s College, Cambridge) Philosophy 
of Law; Miss P. Lund (Department of 
Physiology, University of Newcastle 
upon Tyne) Endocrinology; J. N. 
Pearson (Department of the Environ- 
ment) Public Administration; R. J. 
Peel (Arthur Andersen & Co.) Business 
Administration; E. Powell (Pembroke 
College, Oxford) Legal History; M. F. 
Scanlon (Royal Victoria Infirmary, 
Newcastle upon Tyne) Endocrinology; 
P. A. Swaab (Christ's College, Cam- 
bridge) American Literature; J. 
Watkins (Hammersmith Hospital, 
Royal Postgraduate Medical School) 
Medicine. 


Awards 


Finlay MacRae, District Officer with 
the Forestry Commission, has won an 
international conservation award for 
his work in conserving the native Cale- 
donian Pinewoods of Glen Affric. The 
award is made by the Society of 
American Travel Writers. 
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Dr Greg Clark, a Principal Research 
Scientist with the Division of Mineral 
Physics in Sydney, has been awarded 
the Pawsey Medal for distinguished 
research in experimental physics. 


The André Lichtwitz prize ( 10,000 
French Francs) is awarded every year 
by INSERM (“Institut National de la 
Santé et de la Recherche Médicale”) 
for distinguished clinical or funda- 
mental research on calcium and phos- 
phorus metabolism carried out by a 
French or foreign scientist (or a team). 
Applicants who have previously applied 
are allowed to apply again. Applica- 
tions: Director of the INSERM (c/o 
Mlle C. Chirol, 101 rue de Tolbiac, 
75645—-PARIS CEDEX 13, France) by 
30 June 1979. 


The Clarke Institute of Psychiatry, 
Annual Research Fund Award is 
awarded annually to a clinical or basic 
scientist who has published a report or 
dissertation on outstanding research 
within the field of mental health con- 
ducted’ during the preceding year. 
The scientists must have carried out 
his work in Canada while resident in 
Canada. He may apply or be nominated 
for the prize up to 1 June in the year 
following publication. Applications: 
J. E. Stewardson, Secretary, Research 
Fund Committee, Clarke Institute of 
Psychiatry, 250 College Street, Toronto, 
Ontario Canada MST IR8. 


Meetings 


7 June, Conference on Forestry Policy, 
London (The Royal Society of Arts, 8 
John Adam St, Adelphi, London WC2),. 
12-14 June, Fuel Economy and Emis- 
sions of Lean Burn Engines, London 
(The Institution of | Mechanical 
Engineers, | Birdcage Walk, London 
SWI, UK). 

12-13 June, Rural-Urban Interchange 
for Progress, London (The Overseas 
Development Ministry, Eland House, 
Stag Place, London SW1, UR). 

18-20 June, Engineering Aspects of 
Magnetohydrodynamics, Butte (D. R. 
Brown, 18th MHD Symposium, Merdi, 
PO Box 3809, Butte, Montana 59701). 
20 June, Experience of Cathodic Pro- 
tection in Steam and Process Plant, 
London (The Institution of Mechanical 
Engineers, | Birdcage Walk, London 
SWI, UK). 

29 June, Inflammation Mechanisms, 
Therapy and Investigative Techniques, 
Glasgow (Dr I. J. Zeitlin, Dept of 
Physiology and Pharmacology, Univer- 
sity of Strathclyde, George St, Glasgow, 
UK). 

5-7 July, Scientific Criteria and 
Methods for Drug Assessment, Rome 
(Fondazione Givanni Lorenzini, Via 
Monte Napoleone, 23, 20121, Milan, 
Italy). 


9-13 July, The Mechanisms of Re- 
actions in Solutions, Canterbury (Dr 
J. F. Gibson, The Chemical Society, 
Burlington House, London W1, UK). 
10-11 July, Noise and Vibration of 
Engines and Transmissions, London 
(institution of Mechanical Engineers, 
1 Birdcage Walk, London SWI, UK). 
12-13 July, Dietary Management of 
Disease, London (Dr M. R. Turner, 
British Nutrition Foundation, 15 Bel- 
grave Square, London SWI, UK). 
15-17 August, 20th Canadian High 
Polymer Forum, Quebec (Dr Ian Mc- 
Ewan, CIL Paint Research Laboratory, 
1330 Castlefield Ave, Toronto, Ontario, 
Canada M6B 4B3). 

29-3] August, 4th International Sym- 
posium on Mycotoxins and Phyco- 
toxins, Lausanne (Prof. Palle Krogh, 
Dept of Veterinary Microbiology, 
Purdue University, West Lafayette, 
Indiana 47907). 

12-14 September, Charged-Coupled 
Devices, Edinburgh (Mr W. Campbell, 
Centre for Industrial Consultancy and 
Liaison, University of Edinburgh, 16 
George Square, Edinburgh, UK). 
16-21 September, Advanced Immuno- 
assay Workshop, Guildford (Mr B. A. 
Morris, Division of Clinical Bio- 
chemistry, Dept of Biochemistry, 
University of Surrey, Guildford, Surrey, 
UK). 

18-21 September, The Economics of 
Information, Brighton (Aslib, 3 Bel- 
grave Square, London SWI, UK). 
26-28 September, New Coal Upgrading 
Processes, Luxembourg (Commission 
of the European Communities, Bureau 
d’Organisation et de Coordination des 
Conférences, Bâtiment Jean Monnet, 
B1/32, Plateau du Kirchberg, Luxem- 
bourg). | 

28 September, Practical Applications of 
Microwave Energy, Manhattan (Dr 
D. Y. C. Fung, Call Hall, KSU, Man- 
hattan Kansas 66506). 

1-3 October, 10th Annual Underwater 
Mining Institute, Galveston (Prof. J. 
Robert Moore, Marine Science Insti- 
tute, The University of Texas, PO Box 
7999, Austin, Texas 78712). 

1-3 October, Gesellschaft fiir Immuno- 
logie, Innsbruck (Prof. Dr G. Wick, 
Institute for General and Experimental 
Pathology, Fritz-Pregl-str. 3, 6020 
Innsbruck, Austria). 

1-3 October, 2nd International Re- 
cycling Congress, Berlin (CRE/MER, 
PO Box 33002 10, D-1000 Berlin 33, 
FRG). 

2-4 October, Grain Dust—Its Charac- 
teristics, Explosibility, Hazard Control 
and Utilization, Manhattan (Dr B. S. 
Miller, US Grain Marketing Research 
Laboratory, 1515 College Ave, Man- 
hattan, Kansas 66502). 

3-6 October, Ist International Congress 
on Hormones and Cancer, Rome (S. 
Lacobelli, Laboratorio di Endocrino- 
logia Molecolare, Istituto di Clinica 
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Osterrica e Ginecologica, Universita 
Cattolico del S. Cuore, Via della Pineta 
Sacchetti, 644, 00168, Rome, Italy). 
3-6 October, Hormones and Cell Regu- 
lation, Strasbourg (Dr J. Nunez, Unite 
de Recherche sur la Glande Thyroide, 
Inserm, 79 Ave du General Leclerc, 
94 Bicetre, France). 

9 October, Testing the Body, London 
(Meetings Officer, The Institute of 
Physics, 47 Belgrave Square, London 
SWI, UK). 

4-18 October, Latent and Persistent 
Virus Infections in Man, Israel 
(KENES, 8 Shmuel Hanagid St, PO 
Box 983, Jerusalem, Israel). 

9-11 October, Progress and Problems 
in Radioelement Analysis, Gatlinburg 
(Public Relations Dept, Union Carbide, 
Nuclear Division, PO Box Y, Oak 
Ridge, Tennessee 37830). 

15-18 October, Weather and Air Pol- 
lution, Scarborough (National Society 
for Clean Air, 136 North St, Brighton). 
16-17 October, Quantitative Surface 
Analysis, Teddington (Dr C. Lea, 
Division of Chemical Standards, 
National Physical Laboratory, Ted- 
dington, Middlesex, UK). 

22-25 October, RECLAN 79, East- 
bourne (The Conference Secretariat, 
Society of Chemical Industry, 14 Bel- 
grave Square, London SWI, UK). 
28-31 October, 10th Yugoslav Sym- 
posium on Biophysics, Radenci (Gregor 
Ceve, J. Stefan Institute, Jamova 39, 
PO Box 199, 61001 Ljubljana, Yugo- 


slavia). 
28  October-2 November, Water 
Chlorination: Environmental Impact 


and Health Effects, Colorado (Public 
Relations Dept, Union Carbide Nuclear 
Division, PO Box Y, Oak Ridge, 
Tennessee 37830). 

29 October-3 November, 12th Annual 
Meeting of the American Association 
of Stratigraphic Palynologists, Dallas 
(H. M. Simpson, Geoscience Research, 
ARCO Oil and Gas Company, PO Box 
2819 (EXP-1060, Dallas, Texas 75221). 
2-4 November, Machining, Bourne- 
mouth (The Meetings Secretary, The 
Institution of Metallurgists, Northway 
House, Whetstone, London N20, UK). 
13 November, Significance of Defects 
in the Failure of Fibre Composites, 
London (The Meetings Officer, The 
Institute of Physics, 47 Belgrave Square, 
London SWI, UK). 

13-15 November, Post-Harvest Crop 
Conservation, Harrogate (Dr R. 
Gordon, 19 Homewood Road, St 
Albans, Herts, UK). 

27-30 November, Forage Conservation 
in the 80s, Brighton (The Conference 
Secretariat, British Grassland Society, 
The Grassland Research Institute, 
Hurley, Maidenhead, Berks, UK). 
26-29 November, 4th World Ozone 
Congress, Houston (R. S. Croy, Inter- 
national Ozone Association, 14805 
Detroit Ave, Cleveland, Ohio 44107). 
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newly on the market 





Agarose gel. LKB introduce the LBK 
Agarose-EF--a new type of agarose 
with very low electroendosmosis, and 
the new 1802 Ampholine carrier 
ampholytes for electrofocusing in aga- 
rose. These open a wide range of new 
application areas for electrofocusing. 

Circle No. 43 on Reader Enquiry Card. 


Camera back. Bausch and Lomb have 
announced a new 35-mm camera back 
for Series If photomicrographic equip- 
ment and the AX-1 automatic exposure 
controller. The camera back fits all 
current focusing tubes and includes 
3x and 5x adaptors. An automatic 
dark slide is incorporated which opens 
when the camera back is snapped into 
the adaptor on the focusing tube, and 
closes automatically when the back is 
removed. An opening in the camera 
back accepts a plastic strip on which 
pertinent data can be recorded. The 
data are then photographed along with 
the slide to simplify photographic iden- 
tification, The camera back is par- 
focalled and par-centred with the 
microscope eyepieces. 

Circle No. 44 on Reader Enquiry Card. 





Bausch and Lomb camera back 


Portable container. Laboratory Impex. 
Magic-Temp is a fully portable con- 
tainer designed to transport samples or 
other material safely and at the correct 
temperature. The unit will work on 
normal mains electricity or from the 
cigarette lighter socket of a car or van. 
Magic-Temp operates in 3 modes: asa 
refrigerator, a freezer and an incuba- 
tor. It has a deep drawn heavy duty 
aluminium inner chamber, foam-in- 
place polyurethane insulation and an 
exterior of high impact plastic. The 
capacity of Magic-Temp is more than 
14 1, total weight 13 kg. 

Circle No. 45 on Reader Enquiry Card. 


Calibration aid for microscopists. Dunn 
and Reidman. The Photomicrograph 
Scale Marker from Dunn and Reidman 
is designed on a slide-rule principle, 
and is used for the direct application 
of any desired size of scale mark onto 
photomicrographs. The user simply 
selects a scale mark and pulls out the 
inner slide to correspond with the 
photograph magnification, thus auto- 
matically setting the instrument to pro- 
duce the selected scale mark. Another 
function of this instrument is that of 
measuring the real-life size of struc- 
tunes directly from photomicrographs. 
The Photomicrograph scale marker 1s 
constructed from high-quality plastic 
and is supplied in a protective pouch. 

Circle No. 46 on Reader Enquiry Card. 


Diffusion zone reader. Dynatech. The 
improved diffusion zone reader from 
Dynatech will accept bioassay plates up 
to 25 cm’ (twice the size of earlier 
models). Designed for the measure- 
ment of precipitin rings and antibiotic 
sensitivity zones, the machine can also 
be used in electrophoretic and immuno- 
diffusion studies. A clear direct optical 
image of the zone to be measured is 
provided. The object is lit by dark 
ground illumination and the measuring 
cursor lines are projected by a top- 
illumination system so that they are 
superimposed onto the zone. Simple 
adjustments can be made to the optical 
system to compensate for parallax 
shift and to allow for variations in the 
heights of different objects. 

Circle No. 47 on Reader Enquiry Card. 


Laboratory freeze drier. ChemLab. The 
model SB3 is a compact freeze drier 
which incorporates a built-in refrigera- 
tion system. The SB3 is normally fitted 
with a manifold to which laboratory 
glassware can be attached. The con- 
denser chamber has an ice capacity 
of 3 1. The coil is chilled by the cir- 
culation of Freon 502 from the refriger- 
ation unit. This model is normally 
supplied complete with a manifold and 
the flange of the manifold is connected 
to the side of the condenser. The 
vacuum pump for use with the model 
SB3 should have a displacement of 
about 50 1 min™. 

Circle No. 48 on Reader Enquiry Card. 


These notes are based on information 
provided by the manufacturers. For 


further details circle the appropriate 
numbers on the Reader Enquiry Card 
bound inside the cover. 





Digital thermometers. Digical announce 
a range of portable digital thermo- 
meters for medical and scientific use. 
These thermometers have the advan- 
tage of permanently pre-set calibration, 
interchangeability of all probes, and 
fast response (<155 in certain circum- 
stances). A range of 25 probes is 
available. Options available include: 
model DC-1 thermometer-—range 
-~ 50 °C to +150 °C (resolution 0.1 °C); 
model DC-M © thermometer—range 
+ 30.00 °C to +49.99 °C (resolution 
0.01 °C). Multi-input unit for differen- 
tial application; alarm units; readout 
option in °F are available additional 
features. 

Circle No. 49 on Reader Enquiry Card. 





Digital portable thermometer 
Carcinoembryonic antigen control 
serum. Bio-Rad. Carcinoembryonic 


antigen (CEA) control serum (human) 
is now available from Bio-Rad Labora- 
tories. This material is manufactured 
from pooled human serum and offers 
the user two levels of the antigen. 
Level 1 provides CEA representative of 
the high normal range (2.5-5.0 ng ml”') 
while level 2 represents the range 
clinically significant for malignancies 
(10-20 ng ml~'). CEA control serum is 
a stable, lyophilised control serum and 
contains no preservatives, stabilisers or 
other catalytic or non-reactive in- 
gredients. 

Circle No. 50 on Reader Enquiry Card. 


High performance GC/MS system. 
Varian. The new MAT 212 is a high 
performance GC/MS system. Its reso- 
lution is >20,000 (10% valley), the 
accuracy of mass determination better 
than 3 p.p.m. The basic system includes 
a dual-column Varian 3700 gas 
chromatograph. The link between 
Varian 3700 and mass spectrometer is 
an open split coupling for capillary and 
packed columns. A single stage all-glass 
jet separator for packed column work 
is optional. 

Circle No. 51 on Reader Enquiry Card. 
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Automatic sputter coater for scanning 
electron microscopy. Nanotech. Advan- 
tages of the Semprep 2 sputter coater 
from Nanotech for routine EM pre- 
paration include a degree of automa- 
tion built into the standard equipment 
that ensures reproducible results with- 
out the need to set up controls for 
each deposition, and cleanliness guaran- 
teed by the integral two-stage rotary 
vacuum pump and associated metal 
pipework. A built in electron deflection 
system and associated specimen cool- 
ing prevent thermal damage to sensi- 
tive specimens, and a closed loop 
system controls the sputtering current 
and voltage. The sputtering current 
required is selected and held constant 
electronically. The sputtering voltage 
is selected and is then held constant by 
closed loop control of the argon gas in- 
let valve. 

Circle No. 52 on Reader Enquiry Card. 





The Nanotech Semprep 2 sputter coater 


IR Spectrophotemeters. Perkin-Elmer. 
The microprocessor controlled Model 
98 series consists of three instruments: 
the Model 598, scanning from 4,000 
cm™> to 200 cm™', the Model 398, scan- 
ning from 4,000 cm™' to 400 cm™', and 
the Model 298, from 4,000 cm™' to 
600 cm °. There is a choice of three 
slit programs and six scan times. A 
five-digit wavenumber display allows 
the monochromator to be set accura- 
tely and reproducibly to any chosen 
frequency. The chart and monochro- 
mator drives are synchronised by the 
microprocessor. Other standard fea- 
tures include repeat scan facilities, 
wavenumber limits, choice of chart 
formats and rapid indexing of both 
chart and monochromator to 4,000 
emo" 

Circle No. 53 on Reader Enquiry Card. 


Monoclonal anti-Thy 1.2. New England 
Nuclear (NEN) has announced the 
availability of a sensitive tool in cellular 
research, monoclonal anti-Thy 1.2, for 
identification, localisation and selective 
isolation of mouse T-cell lymphocytes. 
This high-titre anti-@ antibody is extra- 
ordinarily specific for the Thy 1.2 
antigen on the surface of mouse T-cell 
lymphocytes. It is offered in two con- 
centrations: as ~] mg immunoglobulin, 
or ~0.1 mg immunoglobulin, both sup- 
plied in I m! of buffer system, 

Circle No. 54 on Reader Enquiry Card. 


Balances. Mettler. The PL./SE range of 
balances from Mettler has been de- 
signed specifically for hot cell use. Only 
the weighing cell is located in the radio- 
active or sterile environment—-the 
electronics which convert the weight 
readings to a digital form are placed 
outside. The rugged contruction of the 
three PL/SE balances makes them suit- 
able for use in highly radioactive 
surroundings and the 5-m long connec- 
tion obviates the need for a separate 
power supply in the weighing cell. The 
PL200SE, PLI200SE and PL3000SE 
offer a weighing range of 220--0.001 g, 
[,200-0.01 g and 3,500-0.1 g, respec- 
tively. 

Circle No. 55 on Reader Enquiry Card. 


pH Electrodes. MSE, Four ‘unbreak- 
able’ pH electrodes, a pH meter, and a 
new type of automatic temperature 
compensation probe have been intro- 
duced by MSE Scientific Instruments. 
The model 9115 semi-micro electrode 
for measurements in test tubes is 6mm 
in liameter. The model 9125 is 1 ft long. 
The model 9105 is a standard com- 
bination pH electrode, while the model 
9135 has a flat sensing tip for measure- 
ments of pH on surfaces. All electrodes 
are permanently gel-filled combination 
electrodes, with tough epoxy bodies and 
they can be supplied with a variety of 
plugs. Also new is the model 501 pH 
meter; pH to the nearest 0.01 units and 
automatic temperature compensation 
probe which enables the meter to be 
used also as a digital thermometer. 

Circle No. 56 on Reader Enquiry Card. 


Dewar flasks. Day-I[mpex have intro- 
duced two additions to their ‘Dilvac’ 
range of glass Dewar flasks in stainless 
steel containers. The first is a 7-1 size, 
which has toggle-clamps to secure the 
lid, a strong carrying handle and a 
cushioned base. On this model there is 
also a handle on the lid, and the wide 
diameter base of the container creates 
a very low centre of gravity, ensuring 
safe transportation of specimens etc. 
The second new style is a range of 
wide-mouthed shallow form Dewars in 
four sizes. Borosilicate glass is used 
as an inner vessel for the robust stain- 
less steel casing. The wide mouths are 
designed so that boiling flasks of four 
sizes, 100, 250, 500 and 1,000 mi, will 
fit easily. 

Circle No. 57 on Reader Enquiry Card. 


Plasma chemistry equipment. Nano- 
tech have now developed their range 
of plasma chemistry equipment to 
allow fully automatic load tuning in 
conjunction with closed loop control 
of the RF power levels. Automatic 
controls allow unattended operation 
for long reaction periods and also 
operation by unskilled personnel. The 
applications of plasma chemistry in- 
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clude organic removal and sample pre- 
paration for atomic absorption spectro- 
scopy. 

Circle No. 58 on Reader Enquiry Card. 


Data analyser. Du Pont. The MWD-1 
from Du Pont is a compact data collec- 
tion and analysis system for automatic 
acquisition, reduction, and printout of 
molecular weight distribution (MWD) 
data. This system eliminates the man- 
ual calculations usually associated with 
chromatographic polymer character- 
isation techniques. Total high perform- 
ance size exclusion chromatography 
analyses in less than 10 min are rou- 
tinely possible. The MWD-1 automa- 
tically adjusts raw chromatographic 
data for column dispersion and reports 
corrected molecular weight results. 
Another featre is on-line calibration 
with either narrow or broad base 
standards. Calibration routines can be 
entered into the system and stored in 
memory via magnetic programming 
strips. 

Circle No. 59 on Reader Enquiry Card. 


Digester to determine trace elements. 
Biichi. The Büchi digesting system 
digests organic and biological materials 
in a closed quartz apparatus. The main 
ranges of application lie in the analy- 
ses of foodstuffs and feedstuffs, 
clinical-medicinal chemistry and 
ecology. The system is automatic and 
can be operated by semi-skilled per- 
sonnel, Digestion under total reflux in 
a closed system prevents foreign 
elements being carried in. The acid con- 
sumption is very low. The controls 
permit manual as well as automatic 
operation. The glass components of 
the six digestion points are interchange- 
able. The apparatus has 100-ml flasks 
as standard equipment. Six tests can be 
carried out simultaneously. Weighed 
samples of up to 30g can be used. The 
digesting temperature is selectable 
between 150 and 360 °C. 

Circle No. 60 on Reader Enquiry Card, 
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APPOINTMENTS VACANT 


1 





UNIVERSITY OF 
KHARTOUM—SUDAN . 


Applications are invited for the post of 
LECTURER “| 
IN MEAT PRODUCTION. 


in the 
DEPARTMENT OF 
ANIMAL PRODUCTION 


Salary scale (exclusive of cost of 
living allowance): £581,500 to £53,500 
per annum (£S1—£1.23 sterling). The 
British Government may supplement 
salary in range £3,894 to £4,542 per 
annum (Sterling) for married appointee 
or £1,830 to £2,310 per annum 
(sterling) for single appointee (re- 
viewed annually and normally free 
from tax) and provide children’s 
education allowances and holiday visit 
passages. Family passages; baggage 
allowance: superannuation scheme; un- 
furnished accommodation available; 
various allowances, 

Detailed applications (2 copies) with 
curriculum vitae and naming 3 referees 
to be sent direct by air mail to Acting 
Personnel Secretary, University of 
Khartoum, P.O. Box 321; Khartoum, 
Sudan, by July 18, 1979, 

Applicants resident in the U.K. 
should also send one copy to Inter- 
University Council, 90/91 Tottenham 
Court Road, London .WIP ODT. 


Further details may be obtained from 
JO98(A)} 


either address, 


Re-advertisement 
UNIVERSITY COLLEGE 
OF NORTH WALES 


‘Applications are invited for the post of 


: LECTURER 
IN AGRICULTURE 


with particular responsbiilities for 
Grassland Production. Applicants 
should have a degree in Agrcullure, 
Agricultural Science, or a related 
discipline with a sound basis in 
Agronomy. i i 

Applicants should be interested in 
developing research in, the pasture- 
animal relationships with reference to 
the efficiency of utilisation of grass- 
land, and in helping to co-ordinate the 
activities of a developing team in- 
terested in the wider field of Animal 
Production from Grassland. 

The appointment, to commence on 
September 1, 1979, or any earlier date 
by agreement, will be to the U7-'- 
versities’ Lecturer scale: £4,232 to 
£8,452 per annum. 

Applications (two copies), giving 
details of qualifications and experience, 
together with the names and addresses 


of. three referees, should be sent to the 


Assistant Registrar (Personnel), Uni- 
versity College of North Wales, 
Bangor, Gwynedd LL57 2DG. from 
whom further particulars may be 
obtained. ` 

Closing date for applications: June 
25, 1979, 2023(A) 





career challenge: 


constructions. 






Researcher 


Overseas Assignment. 


The Kuwait Institute for Scientific Research, a 
rapidly expanding institute for applied science and 
technology, is seeking a Researcher interested in a 


You should have a Ph.D. in Chemical Engineering 
or Civil Engineering with a minimum of 3 years’ 
experience in Mix Design Core Analysis for road 


Kuwait Institute offers attractive salaries 
commensurate with qualifications and experience, 
furnished housing, liberal fringe benefits including 
round trip air tickets and, free medical benefits. 


Please airmail your ,complete resume by July 25, 
1979 to: Mr. Habib Al-Sahhaf, Personnel Manager, - 
Kuwait Institute for Scientific Research, P.O. Box 
24885, Safat, Kuwait, State of Kuwait. W144(A) 


Kuwait I nstitute for 
scientific Research 

















‘ wick CV35 9EF. 


New Zealand 
UNIVERSITY OF 
CANTERBURY 
Christchurch 
SENIOR LECTURER/ 
LECTURER 
IN COMPUTER SCIENCE . 


Applications are invited for the 
above-mentioned position. Applicants 
Should have interests within the (very 
broad) areas of computer systems and 
languages, theory of computing, in- 
formation systems, or other areas of 
non-numerical applications. 

The salary for Lecturers is in a 
scale from NZ$11,894 to NZ$14,615 
per annum. Promotion may be made 
on academic merit to Senior Lecturer 
Where the salary range is from 
NZ$14,983 to NZ$17,145 . (bar) 
NZ3$18,665 per annum. 

Par a close on August 15, 

Particulars, including information 
on travel allowances, study leave, 
housing and superannuation, may be 
obtained from the Association of 
Commonwealth Universities (Appts), 
36 Gordon Square, London WC1H 
OPF. 1097(A) 





GEOCHRONOLOGIST 


A Geochronology Laboratory is to 
be established at the University of 
Regina in the Department of Geology. 
The successful applicant will be 
required to design, set-up and operate 
a solid source mass spectrometry lab- 
Oratory specialising in uwranium-lead 
and zircon dating methods, The posi- 
tion will be of particular interest to 
Persons with a strong physics back- 
ground. A knowledge of solid state 
electronics, minicomputers and data 
handling. The position, which does 
not require any teaching or admini- 
Strative duties, will commence as soon 
as a suitable candidate jis found. Salary 
will be commensurate with qualifica- 
tions and experience. Applications, 
which must indicate availability and 
Salary expected, should be forwarded, 
along with three letters of reference, 
to Dr G. R. Parslow, Department of 
Geology, University of Regina, Regina, 
Saskatchewan, S4S OA2, Canada 
(PRIOR TO JUNE 30, 1979). 

W121(A) 





NATIONAL VEGETABLE 
RESEARCH STATION 
ASSISTANT 


PLANT BREEDER 


A SCIENTIFIC OFFICER is re- 
quired to assist in research into onion 
and carrot breeding. 

The appointment will be in the 
grade of Scientific Officer scale from 
£2,839 rising by annual increments to 
£4,415 

Minimum qualification required is a 
Degree in biological: science or applied 
biology. 

Non-contributory employers’ addi- 
tional pension scheme. 

Full particulars and application form 
(to be returned by June 19, 1979) from 
the Secretary, National Vegetable 
Research Station, Wellesbourne, War- 
1014(A) 


CHARING CROSS HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

TWO RESEARCH 
ASSISTANTS 


Applications are invited from 
graduates with First or Second class 
degrees in a biological science for 
the above posts, one tenable in the 
Department of Microbiology at 
Charing Cross Hospital Medical School 
and the other at the Institute of 
Obstetrics & Gynaecology at Queen 
Charlotte’s Maternity Hospital, W.6. 
Work will be on vertical transmission 
of. cytomegalavirus. Previous ex- 
perience of virological techniques is 
not essential. 

Salary £3,486 to £3,798 per asnum 
plus £354 London Weighting Allow- 
ance (under review). 

Further details obtainable from Dr. 
J. C. Coleman, 01-748 2040 extension 
2499, and applications on forms from 
the School Secretary, Charing Cross 


Hospital Medical School, The 
Reynolds Building, St. Dunstan's: 
Road, London, W6 BRP. 

(2030).4 


UNIVERSITY OF RHODESIA 
DEPARTMENT OF GEOGRAPHY 


LECTURESHIP 
IN GEOGRAPHY 


Applications are invited for the. 
above-mentioned post, Candidate 
Should indicate in their applications th: 
full range of their interests anc 
abilities as well as their special fiel 
of study. Preference may be given te 
persons whose special fleld of study j 
Geomorphology (with Biogeography}. 

Salary Scales (Approx. Stg. Equiv.)» 
Lecturer Gr. I £7,021 by £264 te 
£8,077; Lecturer Gr. II £4,334 by £22: 
to £5,474 by £264 to £6,794, Bot 
permanent, pensionable terms am 
short-term one or two-year contract 
are offered. 

Permanent, Pensionable Terms: 
Family passages and allowance toward 
transport of effects on appointment 
Installation loan of up to half o 
one year’s salary if required. Unb 
versity accommodation guaranteed fo 
a period of at least three years fo 


persons recruited from outsid 
Rhodesia. Sabbatical leave and tr 
ennial contact visits with travi 


allowance. Superannuation and medic: 
aid schemes. 

Short-term Contracts; Family pas 
ages and allowance towards transpo» 
of effects. Assistance with accommode 
tion for persons recruited from outsidi 
Rhodesia. i : 

Applications: (6 copies) giving fu 
personal particulars (including fu 
names, place and date of birth, etc. 
qualifications, experience and public» 
tions, and names and addresses of thre 
referees, should be submitted to th 
Registrar, University of Rhodesia, P.( 
Box MP 167, Mount Pleasant, Sali 
bury, Rhodesia. Overseas applicar 
should send an additional copy : 
their applications to the Associatic 
of Commonwealth Universities (Anpt: 
36 Gordon Square, London WC1 
OPF. Further particulars may ¥® 
obtained from either of the above, 

Closing date for receipt of applic 
tions: June 30, 1979. 

British subjects considering applyi» 
for posts in Rhodesia are urged 
consult the Foreign and Commo 
wealth Office (telephone 233 8727) 
their nearest British Consular Offic 
2026(A)- 
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| THE RESEARCH ORGANIZATION OF SYNTHELABO 
an internationally recognized European Pharmaceutical Group located in Paris 


development. 


requires a 


SENIOR PHARMACOLOGIST 
IN METABOLIC DISEASES 


to lead the Group of Intermediary Metabolism in the Department of Biology 


The high success rate and rapid growth of this pharmaceutical group is related to the 
quality of people they employ and their continued commitment to research and 


In order to succeed in this challenging and important post, the successful applicant, 
either male or female, must be capable of leading a team of graduates and technicians 
and would be responsible for both the fundamental and applied work of the group. 


The group is actively researching into anti-obesit 


has an increasing interest in anti-diabetic drugs. 


Applicants should be a PhD Biochemical Pharmacologist with at least five years post 
doctoral experience and preferably with industrial experience as well. 


A realistic salary can be expected and relocation assistance will be available with other 


financial benefits. 


All applications will be treated in the strictest confidence 
Brault at the following address: 


Mr. J. 


WHE LONDON HOSPITAL 
MEDICAL COLLEGE 


(University of London) 
PARTMENT OF BIOCHEMISTRY 


JUNIOR LABORATORY 
SCIENTIFIC OFFICER / 
LABORATORY 
SCIENTIFIC OFFICER 


adired for general duties which will 
ude some research work. 

salary on Whitley Scale £2,259 to 
334 per annum, including London 
‘“aghting, according to age and 
serience, Four weeks annual holi- 
sa plus extra days when College is 


urther details from Dr C. W. Parr, 
47 0644, ext. 20. Applications to 
Secretary, The London Hospital 


Mical College, Turner Street, 
don Et ZAD, quoting reference 
B/5/79. 1092(A) 





cancer Research Campaign 
Laboratories 
UNIVERSITY OF 
NOTTINGHAM 


vacancy exists in the CRC. 
vaboratories in Nottingham for a 
STDOCTORAL SCIENTIST 
work on the biochemistry of tumour 
surface membranes with special 
“ence to studies into the synthesis 
turnover of tumour-associated 
gens, 
we post is offered for a period of 
months from August 1979, 
-yplications in writing, quoting the 
es of two referees, to the Staff 
ointments Officer, University of 
angham, University Park, Notting- 
NG7 2RD, not later than June 
1979, Ref: 696. IOHA) 


SYNTHELABO, 
58, Rue de la Glaciere, 


75013 Paris. 


ROYAL POSTGRADUATE 
MEDICAL SCHOOL 


(University of London) 
DEPARTMENT OF 
CLINICAL PHARMACOLOGY 


SENIOR 
RESEARCH OFFICER 


(Postdoctoral) 


required for clinically orientated re- 
search on Prostacyclin. Applicants 
may be chemists, biochemists, or 
pharmacologists as both biological and 
GC-MS work is in progress. Prosta- 
giandin experience is desirable but not 
essential, 

The appointment is for up to two 
years. Salary £4,232 plus £502 London 
Allowance or £4,805 plus £502 Landon 
Allowance in first year. 

Application forms and further 
particulars may be obtained from the 
Personnel Office, Royal Postgraduate 
Medical School, 150 Du Cane Road, 
London Wi2 OHS, quoting ref. no. 
20/202 /N. 200 1CA) 


AAVERE A ANELA IR BIN Haa rt edhe ena 


FACULTY POSITION 


THE GRADUATE DEPARTMENT 
OF NUTRITION 


TUFTS UNIVERSITY 


has a faculty opening for a dactora! 
level person with teaching experience 
in animal as well as human nutrition, 
who will spend half time teaching 
Students in the Department and in tho 
School of Veterinary Medicine, and 
half time doing research. 

Title, salary and types of research 
will be determined according to 
applicant qualHications. 

Curriculum vitae and bibliography 
should be submitted ta: Dr Stanley N. 
Gershoff, Chairman, Graduate Depart- 
ment of Nutrition; Director, Nutr'tion 
Institute, Tufts University, Medford, 
MA 07155, 

Tufts University is an equal opportu- 
nity/affirmative action emplover. 

WIHA 


UNIVERSITY OF 
LONDON KING’S COLLEGE 
DEPARTMENT OF BIOPHYSICS 


PART- OR FULL-TIME 
TECHNICIAN 


Applications are invited for a post 
available immediately for a Technician 
with experience of either heteroduplex 
analysis us‘ng the electron microscope 
or restriction endonuclease mapping 
and sequencing of DNA. 

The post is funded by a research 
grani and salary will be on Grade 5 
scale, £3,998 per annum to £4,580 per 
annum inclusive. 

Candidates should write with carri- 
culum vitae and the names of two 
referees to: The Head Clerk (Ref: 
AI7TBOB/N), King’s College, London, 
Strand, WC2R 2LS. 2065(A) 


rien te Eat T 





KING’S COLLEGE HOSPITAL 


MEDICAL SCHOOL 
(University of London) 
Denmark Hill 
London SES 8RX 


LIVER UNIT 
Applications are invited for the 
position of 
RESEARCH ASSISTANT/ 
FELLOW 
in this busy miulti-disciplinary unit 


from candidates with experience in 
cell membrane biology, immuno- 
chemistry or protein biochemistry, to 
work on human liver cell surface 
antigens, 

Salary will be on University of 
London scales, according to qualifica- 
tions and experience. 

Please apply, giving full curriculum 
vitae and the names and addresses of 
two referees to the Secretary of the 
Medical School at the above address. 
from whom further details may be 
obtained. Closing date: June 29, 1979. 

2002( A) 


y and anti-hyperlipidaemic drugs and 


and should be sent directly to 


W154(A) 


THE MIDDLESEX HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

Applications are invited for the post of 


RESEARCH ASSISTANT 


to work on the cellular bass of 
cartilage growth. This post will be 
supported by the Medical Research 
Council for three years, commencing 
October 1, 1979. 

Salary up to £5,304 per annum {in- 
cluding London Allowance) depending 
on age and experience, 

Applications, together with the 
names of two referees, to Professor 
L. Wolpert, Department of Biology as 
Applied to Medicine, The Middlesex 


Hospital Medical School, Cleveland 
Street, London WIP 6DB. 2067(A) 
WESTMINSTER 


MEDICAL SCHOOL 
RESEARCH ASSISTANT 


An organic Chemist or Biochemist 
is needed by a small team working on 
pigment changes in human disease. 
The post would be particularly suit- 
able for a recent graduate or for 
someone graduating this year. The 
successful applicant would be required 
to develop methods for the isolation 
and assay of pigment intermediates 
from the body fluids of patients under- 
going treatment and in the culture 


fluid from cells grown in tissue 
culture, Post available for one year 
initially. 


Salary on the Whitley Council Scale 
for Hospital Biocherists, ; 

Applications, with curriculum vitae 
and the names of two referees should 
be made to Professor J. R. Hobbs. 
Department of Chemical Pathology, 
Westminster Medical School, 17 Page 
Street. London SWIP 2AR. Closing 
date will be June 24. 1979. 

Please quote: Reference KBC, 

2027( A) 


Leptospira Reference Laboratory 


Senior Grade 
Microbiologist 


Applications for the above post are invited 
from graduate microbiologists with a wide ex- 
perience in medical microbiology. The successful 
applicant will be required to assist. with the 
routine work of the laboratory but in addition 
he/she will have the opportunity to contribute 
to the research and development programme. 


Previous experience in microbiological re- 
search is essential, it need not have been in 
leptospirosis, although * some knowledge of 
immunology would be an asset. 

Salary scale £5,451 to £6,837 plus £354 
London Weighting. N.H.S. Terms and Con- 
ditions of Service. 

For further information write to: Dr J. D. 
Coghlan, Leptospira Reference Laboratory, 
Central Public Health Laboratory, 
Colindale, London NW9 5DX. 

2021(A) 


Public Health Laboratory 
l Service Board. 


DEPARTMENT OF NEUROCHEMISTRY 
| MAX-PLANCK-INSTITUT FÜR PSYCHIATRIE 
MUNICH 


The Max-Planck-Gesellschaft offers 


YOUNG SCIENTISTS 


the opportunity to set up their own research group in 
the above department. 














Applicants should have already accomplished inter- 
nationally recognised research within the general area 
of neurobiology, especially in membrane-receptor 
biochemistry, neurogenetics, neuroimmunology oF 
neuroendocrinology. 


Appointments will be limited to 5 years, the salary 
being within the scale AH3/C3. (about 50-55.000 DM 
per annum). 


Each group will be able to grant post-doc-/doctoral 
scholarships to German and foreign scientists; it will 
also be provided with its own laboratory, inclusive 
technical staff, appropriate equipment and adequate 
running costs. : 


Applications should contain a tabular curriculum 
vitae, a list of publications, and a short description of 
scientific work both achieved and intended, and should 
be submitted to the 


Max-Planck-Gesellschaft zur Förderung der Wis- 
senschaften e.V.-Generalverwaltung—-III a 4-Postfach 
647, 8000 Miinchen 1, before September 30, 1979. 

W148(A) 










UNIVERSITY OF THE 
WITWATERSRAND 
Johannesburg 


Applications are invited from 
suitably qualified persons for appoint- 
ment to the following posts: 


DEPARTMENT OF 
GEOPHYSICS 


SENIOR LECITURER/ 
LECTURER IN GEOPHYSICS 
SENIOR LECTURER/ 
LECTURER IN 
APPLIED GEOPHYSICS 


The Department offers third-year 
level and Honours level courses in 
Geophysics, as well as the degree of 
B.Sc. (Eng.) in Applied Geophysics. 
The two appointees will be respon- 
sible for lectures, laboratory classes 
and supervision of research. Appli- 
cants could come from a range of 
professional disciplines but should 
have qualifications and experience in 
one or more of the major areas: 


geomagnetism, gravity, seismology, 
EM and galvanic methods, isotopes 
and heat flow, rock deformation 
science. 


The salary ranges are: 


SENIOR LECTURER: R11,400 to 
R15,600 per annum. LECTURER: 
R8,100 to R13,200 per annum (£l 
equals R1.75 approx.). 


BERNARD PRICE INSTITUTE OF 
GEOPHYSICAL RESEARCH 


PHYSICIST /GEOPHYSICIST 


The Institute seeks a physics or 
geophysics graduate for a post in 
its Isotope Geophysics laboratory. 
This laboratory undertakes geo- 
chronological and isotope evolution 
studies using the U-Pb, Rb-Sr, 
Sm-Nd methods and is equipped with 
two modern mass spectrometers 
utilising digital and computer facilities 
plus extensive ancillary facilities. The 
appointee would be responsible for 
maintenance and development of the 
mass spectrometers but would also 
become involved in a research pro- 
ject, the results of which could be 
used for gaining a higher degree. 
Some knowledge of digital and com- 
puter techniques is essential, but 
further training could be arranged; 
previous geological training would be 
advantageous but not essential. The 
salary will lie in the range of 
R5,850 to R13,200 per annum. 


STRUCTURAL GEOLOGIST 


required for field 
mapping and microscope study of 
deformed rocks in the Vredefort 
dome basement. A team is studying 
radial profiles, which probably extend 
‘down’ a ~ 15 km.-thick section of 
Archaean crystalline crust, into the 
middie crust. Applicants with an 
Hons. degree may use research results 
for a higher degree. The starting 
salary will lie in the range R4,950 
to R9,000 per annum. 


The appointees will be placed at an 
appropriate notch on the salary scales, 
according to qualifications and = ex- 
perience. 


The University’s policy is not to 
discriminate in the appointment of 
staff or the selection of students on 
the grounds of sex, race, religion, Or 
colour. Further particulars relating 
to this practice and to the above posts 
are included in an information sheet 
obtainable from the London Repre- 
sentative, University of the Wit- 
watersrand, Chichester House, 278 
High Holborn. London WCIV 7HE. 
or from the Registrar, University of 


A geologist is 


the Witwatersrand, Jan Smuts 
Avenue, Johannesburg, 2001 South 
Africa, with whom applications 


should be lodged. 
writing, giving full personal and 
career details, including telephone 
number, and the names and addresses 
of three persons who may be called 
upon to act as referees, should be 
lodged with the Registrar by July 
6, 1979. 2040(A) 


Applications in 
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UNIVERSITY OF DUNDEE 


Applications, from candidates 
who hold or are about to obtain 
a good Honours degree in Bio- 
chemistry or related subject, are 
invited for appointment as a 


RESEARCH ASSISTANT 


to work with Dr P. R. Baker, in 
the University Department of 
Surgery at Ninewells Hospital and 
Medical School, on a study of the 
effects of cholestasis on cellular 
transport and protein binding of 
bile salts by the liver. 

The appointment is supported 
by a S.H.H.D. grant and will be 
available for three years from 
September 1, 1979, or some other 
agreed date. Initial salary at an 
appropriate point within the range 
£3,689 to £4,232 (to be reviewed 
from October I, 1979). Super- 
annuation under U.S.S. Possibility - 


of registration for a higher 
degree. 
Applications, quoting reference 


EST/54/79J and containing full 
details of qualifications and ex- 
perience and the names of three 
referees, should be sent to The 
Secretary, he University, 
Dundee DDI! 4HN by July 5, 
1979. 

Informal enquiries may be made 
to Dr P. R. Baker, Department 


of Surgery, Ninewells Hospital 
and Medical School, Dundee. 
2038(A) 


0 


a 


UNIVERSITY OF 


SALFORD 
DEPARTMENT OF 
CHEMISTRY AND 

APPLIED CHEMISTRY 


POSTDOCTORAL 
RESEARCH FELLOW 


required for a project sponsored 
by the Science Research Council 
entitled ‘SN,’ Reactions Involving 


Organocuprate Reagents’ under the 
supervision of Dr S. M. Roberts. 
The appointment is tenable for one 
year in the first instance, com- 
mencing October 1, 1979. 
Commencing salary within the 


range: £3,883 to £4,382 per 
annum (under review), S.S. 
Application forms obtainable 


from the Registrar, University of 
Salford, Salford M5 4WT (tel; 
061-736 5843, ext. 215) to whom 
completed applications should be 
returned by not later than June 21, 
1979, quoting reference no. 
CH/258/N. 2003(A) 





LiniveRsity OF Wales: . 


uNnIVvEeRSILy 
COLLEGE OF 
AWE Biot 


Research Demonstrator 


Applications are invited for the 
vacancy of Research Demonstrator 
in the Department of Botany and 
Microbiology. Applicants should 
have a Ph.D. degree acquired by 
research on some aspect of either 
Botany or Microbiology. The duties 
will include demonstrating to 
practical classes, conduct of 
tutorials and possibly some lectur- 
ing. The successful candidate will 
be expected to conduct original 
research and ample time will be 
left for this. 

The appointment, which will be 
for one year jn the first instance 
from October 1, 1979, will be on 
a scale up to £4,910 per annum. 

Further particulars and applica- 
tion forms (2 copies) may be 
obtained from the Personnel 
Officer, University College of 
Swansea, Singleton Park, Swansea 
SA2 8PP, to whom they should he 
returned by FRIDAY, JUNE 22, 
1979. 2059(A) 
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UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF PHYSICS 
RESEARCH ASSOCIATE/ 

FELLOW 


in Neutron Scattering 

Applications are invited fer the 
post of research associate/fellow 
to take part in a programme 
in neufron-scattering experiments 
associated with the study of struc- 
tural phase (Tansitions. This 
project will involve both elastic 
Scattering for high-accuracy, high- 
resolution studies of crystal struc- 
ture, and inelastic scattering to 
make parallel investigations of 
crystal dynamics. Most experi 
mental work in the immediate 
future will be at the Institut Laue- 
Langevin, Grenoble. 

The appointment, for up to three 
years, commences October 1979 
(or later by arrangement) at a 
Salary according to age and experi- 
ence on scale LA, Superannuation 
under F.S.S.U./U.S8.8. Applicants 
should have, or be about to 
obtain, a Ph.D. 

Applications with the names of 
two referees and a statement of 
applicant's interests and career to 
date to Dr R., J. Nelmes, Depart- 
ment of Physics, University of 
Edinburgh, Mayfield Road, Edin- 
burgh EH9 332, to arrive as soon 







as possible. Further details on 
request, Please quote Reference 
5027, 201 1(A) 








NUFFIELD 
LABORATORIES 
OF COMPARATIVE 
MEDICINE 


INSTITUTE OF ZOOLOGY 
ZOOLOGICAL SOCIETY 
OF LONDON 
A recently qualified 
POSTDOCTORAL 
RESEARCH FELLOW 
eequired for studies ọn lipid 
wmnetabolism of the brain with 
sapecial reference to the role of 
gessential fatty acids and prosta- 
eglandins. The successful candidate 
sewould be expected to work with a 
group studying nutrition and = the 
“Aevelopment of the nervous and 
avascular systems. Experience in 

eapid biochemistry is essential. 
The post will be tenable for 3 
ears and will carry a salary related 
ow the London University Lecturer 
cale af a point appropriate to age 
nd experience with US.S./ 
LSDPS. benefits. 
Applications in 
‘Assistant Establishment Officer, 
—“eological Seciety of London, 
Regents Park, London NWI 4RY. 

IDSA? 


writing to 








UNIVERSITY OF 
SALFORD 
MDEPARTMENT OF BIOLOGY 
RESEARCH ASSISTANT 
OR FELLOW 


_ Applications are invited from 
waologists/physiologists to assist 
ith a study sponsored by the 
gricultural Research Council of 
‘spiratory/metabolic physiology in 
ertebrates. An appointment wili 
ee made at the postdoctoral or 

“aduate level depending on quali- 
“tations and is tenable for up to 

years. Informal enguiries corm- 
ning the appointment may be 
ade to Dr J. H. Brackenbury, 
separiment of Biology. 

Salary within the range: £3,689 

£4.776 per annum. USS 
nefis. 

Application forms are obtainable 
spm the Registrar, University of 
salford, Salford MS 4WT (tel: 

1-736 5843, ext. 218} to whom 

mpleted applications should be 





turned by June 25, 1979, quoting 
2055( A} 


wef, No. B/92/N, 








THE RESEARCH 
ORGANISATION OF 
SYNTHELABO 


An Internationally recognised 
European Pharmaceutical Group 
located in Paris requires a 


SENIOR TOXICOLOGIST 


to lead a team responsible for various 
projects within a developing toxicology 
group in the Department of Biology. 

The high success rate and rapid 
growth of this pharmaceutical group 
is related to the quality of people they 
employ and their continued com- 
mitment to research and development. 

Applicants can be either male of 
fernale and should be a Ph.D. with 
at least five years’ postdoctoral ex- 
perience in toxicology and preferably 
with industrial experience as well. 
Suitably qualified veterinarians and 
pharmacists with relevant experience 
will also be considered for the post. 

Candidates should possess a good 
working Knowledge of French and 
English and should also be conversant 
with the G.L.P. regulations for 
toxicology. 

A realistic salary can be expected 
and relocation assistance will be 
available towether with other financial 
benefits. All applications willl he 
treated in the strictest confidence and 
should be sent directly to M R. 
Brault at the following address: 

Synthelabo 
58 Rue de ja Giaciere 
75013 Paris 

WISAY 





THE ROYAL VETERINARY 
COLLEGE 
University of London 
Division of Clinical Studies 
DEPARTMENT OF 
ANIMAL HUSBANDRY 
AND HYGIENE 


RESEARCH ASSISTANT 


Applications are invited, preferably 
from veterinary or animal science 
wraduates, for the above post of 
Research Assistant, which is expected 
to be for three years supported by 
grant from the Ministry of Overseas 
Development, to take part in a study 
of nutritional and = environmental 
factors influencing reproduction in 
ewes and growth of lambs. This is 
part of a project being undertaken in 
Colombia and the work will include 
a laboratory analysis of samples from 
Colombia. 

The post is based at Boltons Park, 
near Potters Bar, Herts. 

Starting salary between £4.191 and 
£$.278 (including Landon Allowance) 
according to qualifications and ex- 
perience, 

Annlication form from the Assistant 
Secretary (Personnel), The Royal 
Veterinary Colleee, Roval College 
Street, London NWI OTU. Telephone 
O1-387 2898. 204 1(A) 





New Zealand 
UNIVERSITY OF 
CANTERBURY 
Christchurch 
VISITING LECTURER 
IN CHEMISTRY 


Applications are invited for a Visit 
ing Lectureship in Chemistry tenable 
for one year. The appointment is to 
be taken up as early as possible in 
ORO. It is anticipated that the 
appointee will have completed a Ph.D. 
and show evidence of strong research 
interest in some particular field of 
Chemistry. 

The emolument for this position is 
on a scale from MNZS$11.894 to 
NZ$14.615 per annum, When the 
salary is being decided, due account 
will be taken of the appointee’s trave! 
costs. 

Applications close on July 15, 1979, 

Further particulars and Conditions 
of Appointment may be obtained 
from the Association of Common- 
wealth Universities CA ppts}, 36 
Gordon Square, London WCIH OPF. 

1Q96(A) 


CSIRO AUSTRALIA| 


Postdoctoral Research Fellow 


Australian Numerical Meteorology 
Research Centre 
Melbourne, Victoria 


CSIRn has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 
7,000 employees—2,400 of who are research and professional 
scientists—located in Divisions and Sections throughout Australia. 

Field: Mathematical Modelling of Climate. 

General: The Australian Meterology Research Centre is a joint 
venture of the CSIRO and the Department of Science (Bureau of 
Meterology). The Centre's research consists of studies of the 
behaviour of the earth's atmosphere, with emphasis on general 
circulation, directed towards improvement in the accuracy and time 
scale of weather forecasting, and towards improvement in 
understanding the distribution and variations of climate on the 
garth. 

in this context the Centre is seeking further support for its 
climatic activities. Currently the Centre has a number of large scale 
general circulation models of the earth’s atmosphere in use, as well 
as a more limited modelling involvement in oceanography, The 
research programme with these models includes detailed simulation 
of the general circulation, climatic studies, air-sea interaction 
experiments, investigation of the mechanisms of drought, 
geophysical experiments and atmospheric chemistry and pollution 
studies. Additional effort is to be committed to climatic studies using 
an advanced two level general circulation model developed at the 
Centre. 

Duties: Initially to collaborate in experiments with a two level 
model involving muliti-annual integrations with and without 
coupled oceans with a view to understanding the underlying 
mechanisms and causes of interannual variability. To formulate 
appropriate research programmes using this or other models in 
accordance with the research aims of the Centre. 

Qualifications: Applicants should have a PhD in dynamical 
meterology or an associated field or postgraduate experience of 
equivalent standard and duration. As considerable initiative is 
encouraged and expected in the implementation of new 
programmes, applicants should be highly self-motivated and in 
particular of high creativity. 

Salary: Research Scientist $15,422—$18,904 pa. or Senior 
Research Scientist $19,572—-$22,405 pa. Scientists with 
considerable experience and outstanding ability should not be 
deterred from applying as appointment at a higher level and salary 
would be considered. 

Tenure: Initially three years with the possibility of an extension of 
a further two years subject to mutual agreement. 

Applications in duplicate, stating full personal and professional! 
details, the names and addresses of at least two professional! 
referees, and quoting reference number 424/029 should reach: 
The Personnei Officer, Australian Scientific Liaison Office, Canberra 
House, 10-16 Maltravers Street, London WC2R 3EH, by 6th July. 
1979. 

Applications in U.S.A. and Canada should be sent to: 

The Counsellor Scientific, Embassy of Australia, 1601 Massachusetts 
Avenue, N.W., Washington, D.C., 20036, U.S.A. 1089(A) 





UNIVERSITY OF ALBERTA 


FACULTY OF PHARMACY AND PHARMACEUTICAL SCIENCES 


Applications are invited for a full-time tenurable appointment, 
effective July I or September t, 1979, in Phararnaceutics, 

The position requires an individual trained at the Ph.D., Pharm.D. 
level or equivalent and having a special interest and expertise in dosage 
form design, development and evaluation, Responsibilities include (1) 
development of an independent research programme in pharmaceutics, 
and (2) contribution to the undergraduate and graduate teaching pro- 
grammes in physical pharmacy and pharmaceutical technology. Appoint- 
ment will normally be at the rank of assistant professor. Appointment 
at a higher rank may be considered based upon experience. 

The University of Alberta is an equal opportunity employer and offers 
excellent fringe benefits, 

Interested candidates should send a letter of application, a curriculum 
vitae and the names of three references to: 

Dean O. R. Van Petten 

Faculty of Pharmacy and Pharmaceutical Sciences 
Rpr 3LI8/Dentistry/Pharmacy Centre 

University of Alberta 


Edmonton, Alberta T6G 2N8 WISA) 
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Science Research Council 


SPACE SCIENCE POST 
FOR APPLETON LABORATORY/ 
RUTHERFORD LABORATORY 


The SRC requires a person to join its space science team which is 
concerned with astrophysics and geophysics research and with space 
project management in support of University programmes. For the 
first five years of the appointment the selected candidate will be given 
unpaid leave of absence to enable him/her to take up a post in Oxford 
University where he/she will be the deputy to the Head of the 
Department of Atmospherics Physics with particular responsibility 
for administration and day-to-day organisation of research projects 
involving satellite, balloon, and aircraft mounted instrumentation. 
During this period the person appointed will also be expected to 
pursue research in some aspect of atmospheric physics and to assist 
with the teaching and supervision of graduate students. At the end of 
this period the person would be expected to head a team working in 
some branch of Atmospheric Physics or its management within the 
Appleton/Rutherford Laboratory at Chilton. 


Candidates should have had wide experience of Atmospheric Physics 
using space research and have had a successful record in major space 
project management. He/she should be accustomed to working with 
an academic community. 


The post is graded Principal Scientific Officer, with a salary on the 

scale £6,609-—£8,461 (currently under review), with a non-con- 

tributory superannuation scheme. Whilst at Oxford University, the 
successful candidate will be place on Grade IIl in the 
Structure for Research Staff, which has a salary scale of 
£8,182--£10,097. 


Applications, including a full curriculum vitae, 
should be sent to Mrs A. P. Roythorn, 

Science Research Council, P.O. Box 18, 

North Star Avenue, Swindon SN2 1ET, Wiltshire. 
to arrive before 22nd June, 1979. 2062 (A) 





Graduate- 
Biochemistry 


We have a vacancy for an Experimenta! Officer 

in the Biochemistry Section of our Chemistry 
Group. The person we are seeking should have a 
degree or HNC in Biochemistry or Botany, with 

a good knowledge of plant biochemistry generally 
and a sound understanding of photosynthesis 
specifically. Experience with a range of techniques 
associated with photosynthesis research and also 
some experience of enzymology is desirable. He 
or she will respond to a PhD Biochemist 

studying biochemical mechanisms involved in 
herbicide action. This willinvolve short term 
research aimed at optimizing chemical structures 
in jn vitro tests, as well as longer term research 

to gain a more precise understanding of the 
interaction between plants and inhibitors. 

We offer good salaries, profit sharing scheme and 
pension fund. A Staff Restaurant and Recreation 
Club are on site. Subsidised coaches run from 
Jealott’s Hill, Bracknell and Maidenhead. 

if you are interested in applying for this vacancy 
please apply to: S R Stephenson, Personnel 
Officer, ICI Plant Protection Division, Bracknell, 
Berkshire. 1087(A) 


Plant Protection 
Division 





UNIVERSITY OF 


NEWCASTLE UPON TYNE 
DEPARTMENT OF 
GENETICS 


POSTDOCTORAL 
RESEARCH ASSOCIATE 


Applications are invited for the 
above post (salary scale £4,232 to 
£7,145) from applicants who have or 
are about to submit for the degree 
of Ph.D. in any of the following 
subject areas; Virology, Biochemistry, 


Genetics, Microbiology or other 
related field. 
The post will be funded from a 


Wellcome Trust Grant and is tenable 
for a two-year period (starting date 
negotiable). 

The research project involves 
characterisation and mapping of pep- 
tides obtained from virus proteins 
using a new analytical procedure. A 
research technician will assist the 
successful applicant in this work, 

Written applications together with 
the names and addresses of three 
referees should be sent to Dr A. C. R. 


Samson, Department of Genetics, 
Ridley Building, The University of 
Newcastle upon Tyne, NEWCASTLE 


UPON TYNE NE! 7RU. Closing 

date for applications six weeks after 

appearance of this advertisement, 
2035(A) 





UNIVERSITY OF SURREY 
DEPARTMENT OF BIOCHEMISTRY 


LECTURER IN NUTRITION 


Applications are invited from suit- 
ably qualified graduates for a Lecture- 
ship in Nutrition in the Division of 
Nutrition and Food Science of the 
Biochemistry Department, Preference 
will be given to applicants with post- 


graduate experience in human 
nutrition. 
Salary will be within the range 


4.232 to £8.452 per annum depend- 
ing upon qualifications and experience 
(£4,333 to £8.992 per annum as from 
October 1, 1979). Superannuation is 
under U.S.S. conditions. 

Further particulars about the post 
may be obtained from the Academic 
Registrar (LFG), Universitv of Surrey, 
Guildford, Surrey GU2 SXH, or tek 
Guildford 71281. ext. 482. 

Applications from men or women 
in the form of a curriculum vitae, 
together with the names and addresses 
of two referees, should be sent to the 
above by June 29, 1979. 1090(A) 





THE UNIVERSITY OF 


WINNIPEG 
DEPARTMENT OF 
BIOLOGY 


MICROBIOLOGIST 


Avplications are invited for a 
sessional appointment at the level of 
Assistant / Associate Professor to 
develon and teach courses in Micro- 
bial Taxonomy and Immunology and 
undertake other assigned duties. 

The position will be renewable for 
up to three years. Starting date 
September 1, 1979. Rank and salary 
dependent on qualifications and èx- 
perience, Send curriculum vitae and 
the names of three referees to: Dr 
R, A. Woods, Bioloey Department, 
The University of Winnipeg, Win- 
nipeg, Manitoba, Canada R3B 2E9. 

WISA) 





GLASSHOUSE CROPS 
RESEARCH INSTITUTE 


requires 
SCIENTIFIC OFFICER 
IN PLANT PHYSIOLOGY 
DEPARTMENT 


for research programme on properties 
and function of phytochrome. Appoint- 
ment in Scientific Officer grade, Salary 
£2,839 to £4,415 (under review). 
Applicants should preferably have 
honours degree in Botany, Plant 
Physiology or Plant Biochemistry, 
with experience in biochemical tech- 
niques, Non-contributory superannua- 
tion scheme. 

Further details and application form 
on request from Secretary, G.C.R.I., 


Worthing Road, Rustington, Little- 
hampton, W. Sussex BNI6  3PU. 
Closing date: June 20. 2018(A) 
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SHEFFIELD 


CITY POLYTECHNIC 
DEPARTMENT OF 
CHEMISTRY 


CHEMISTRY 
RESEARCH POSTS 


Applications are invited for the 
following posts to be taken up in 
1979, The post holders will be 
expected to seek registration for 
M.Phil. /Ph.D. degrees of C.N.A.A. 


POLYMER CHEMISTRY: 
RESEARCH ASSISTANTSHIP 


The successful applicant will 
work with Dr G. C. Corfield and 
other members of a Polymer 
science and technology research 
group on the synthesis and radia- 
tion stability of silicone elastomers. 
This is a salaried appointment for 
the fixed term of three years. 

Salary: £2,916 to £3,330. 

Starting date: September fÍ, 
1979. 


ANALYTICAL CHEMISTRY: 
S.R.C. C.A.S.E. STUDENTSHIP 


The project concerns trace metal 
speciation in environmental and 
other samples by directly coupled 
chromatography ~~ atomic  spectro- 


scopy. The Studentship is in 
collaboration with Pye-Unicam, 
Cambridge, and the academic 


supervisors are Dr L, Ebdon and 
Dr D. A. Leathard. The S.R.C. 
award is tao be supplemented by 
£500 per annum. Normal S.R.C. 
conditions of eligibility apply. 


Starting date: October 1, 1979. 
Requests for an application 
form in writing only please to 


the Recruitment Section of the 
Personnel Department, Sheffield 
City Polytechnic (Dept. N), Hal- 
fords House, Fitzalan Square, 
Shefield S1 2BB. Completed forms 
should be returned by July 1, 
1979. 2013(A) 








UNIVERSITY OF 


SALFORD 


DEPARTMENT OF CHEMISTRY 
AND APPLIED CHEMISTRY 


POSTDOCTORAL 
RESEARCH FELLOW 


required for work on an S.R.C. 
sponsored project, ‘The Synthesis 
and Evaluation of Novel Photo 
activated Reagents for use if 
Biological Membrane Studies’, 
under the supervision of Professor 
H. Suschitzky. The research i! 
suitable for a candidate holding, o1 
expecting to hold a Ph.D. ir 
Organic Chemistry or Biochemistry 
Post tenable for up to 2 years. 
Salary range: £4,232 to £4,77¢ 
per annum. U.S.S. benefits. 
Application forms obtainable 
from the Registrar, University ol 
Salford, Salford M5 4WT (tel 
061-736 $843, ext. 215) to whom 
completed applications shoul 
be returned quoting Ref. No 
CH/259/N. 2056(A) 


re AEAN AA 








UNIVERSITY OF DUBLIN 
Trinity College 
LECTURER IN 

BIOCHEMISTRY 


Applications are invited for the 
above post in the Department o 


Biochemistry, Trinity College 
Dublin. 

Salary scale: £4,317 to £8 48° 
per annum. 

Appointment may be mad: 
within the range commensurat: 


with the qualifications and exper) 
ence of the successful candidate 

There is a  non-contributor 
pension scheme. 

Interested persons should, in th 
first instance, telephone the Stal 
Office, Trinity College, on Dubli 
772941, Ext. 1678 or Ext. 1775. 

The closing date for receipt <€ 
applications will be Thursda 
June 28, 1979. W149(A) 
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THE UNIVERSITY OF 


LEEDS 
DEPARTMENT OF INORGANIC 
AND STRUCTURAL 
CHEMISTRY 


Applications are invited for 
a temporary post of 


POSTDOCTORAL 
RESEARCH FELLOW 


from inorganic or  bio-chemists. 


Candidates should already 
possess, Or expect to receive with- 
in the next few months, a Ph.D. 

degree. Experience in mechanistic 

. Studies would be valuable. The 
appointee will take part in a 
project, supported by S.R.C., on 
electron, supported by S.R.C., on 
copper proteins, iron-sulphur 
proteins and cytochrome c. Some 
collaboration and interchange with 
Professor R. G. Wilkins in the 
U.S.A. may be involved. The 
appointment will be made for a 
fixed period of up to 2 years com- 
mencing October 1, 1979. 

Starting salary in the range 
£4,333 to £4,910 on the IA scale 
for Research and Analogous Staff 
(£4,333 to £7,521) (under review), 


according to age, qualifications 
and experience. 
Enquiries should be addressed 


in the first instance to Dr A. G. 
Sykes, Department of Inorganic 
and Structural Chemistry, The 
University, Leeds LS2 9JT (Tel. 
0532-31751, ext. 6068/6057), 
Application forms and further 
particulars may be obtained from 
the Registrar, The University, 
Leeds LS2 9JT, quoting reference 


number 44/7. Closing date for 
applications: July 2, 1979, 
20ET(A) 


JNIVERSITY OF GLASGOW 
CHEMISTRY DEPARTMENT 
GC-MS UNIT 


(Revised Advertisement) 
Applications are invited for a 


POSTDOCTORAL 
RESEARCH APPOINTMENT 


tnable for two years from October `], 
or investigations on biologically active 
wdroxycholesterols and related com- 
wunds by GC-MS and ancillary 
achniques. The Unit is equipped with 
B and DuPont 21-490F 
SVED instruments, either of which 
n be used on-line to a VG 2035 
sata System. 
Starting salary in the range £4,333 
£4,910 (the latter for age 26) of 
ie scales for Research and Analog- 
as Staff (1A) with U.S.S. benefits. 
Further details are available from 
wofessor C. J. W. Brooks, Chemistry 
partment, University of Glasgow, 
wasgow G12 8OQ. 
_In reply please quote Ref. No. 
“55M. 2010(A) 


UNIVERSITY OF DUBLIN 


Trinity College 





LECTURER 
IN 
BIOCHEMISTRY 


“Applications are invited for the 
save post in the Department of Bio- 
mistry, Trinity College, Dublin. 
‘oalary scale: £4,317 to £8,487 per 

saum. 

‘Appointment may be made within 
range £4,317 to £5,492 per annum, 
a point commensurate with the 

wliflcations and experience of the 


“here is a non-contributory pension 
zeme, 
emterested persons 





should, in the 


instance, telephone the Staff 
te, Trinity College, on Dublin 
O41, ext. 1678 or ext. 1775. 





he closing date for receipt of 
adications will be Thursday, June 28, 
9, 206A) | 


NATIONAL 
UNIVERSITY OF LESOTHO 


Applications are invited for the post of 
SENIOR LECTURER/ 
LECTURER 
in Organic, Physical Organic or 
Physical Chemistry 
to teach at the General B.Sc. degree 

level. 

Salary scales: Senior Lecturer 
R7,473 to R&433 per annum; Lecturer 
R3,493 to R7,527 per annum. (£1 
Sterling=R1.72.) The British Govern- 
ment may supplement salary in range 
£1,644 to £2,508 per annum (sterling) 
for married appointee or £570 to 
£1,410 per annum (sterling) for single 
apopintee (reviewed annually and 
normally free of tax) and provide 
children’s education allowances and 
holiday visit passages. Superannuation: 
Appointees on contract terms receive 
25% gratuity in lieu of superannua- 
tion for the first two years of the 
contract, rising to 274% and 30% for 
each subsequent and similar period 
of service. 15% inducement allowance 
for expatriates not qualifying for any 


supplementation aid scheme. Accom- 
modation is available at reasonable 
rentals. Family passages; baggage 


aHowance; education allowance; vaca- 
tion and study leave; medical aid 
scheme. 

Detailed applications (2 copies) with 
curriculum vitae and naming three 
referees by July 38, 1979, to the 
Administrative Assistant  (Appoint- 
ments) NUL, Roma, Lesotho, Africa. 

Applicants resident in the UK. 
should also send one copy to Inter- 
University Council, 90/91 Tottenham 
Court Road, London WIP ODT. 
Further particulars may be obtained 
from either address. 2000(A) 





UNIVERSITY OF WARWICK 
POSTGRADUATE 
RESEARCH ASSOCIATE 


in the 
DEPARTMENT OF 
CHEMISTRY AND 
MOLECULAR SCIENCES 


Applications are invited to the 
SRC, funded post of Postgraduate 
Research Associate to work with Dr 
O. W. Howarth on a WC nuclear 


magnetic resonance study of the 
physical dynamics of biomolecules 
and macromolecules, Candidates 


should hold a good honours degree 
in chemistry or biochemistry. A 
suitably qualified candidate will be 
permitted to register for a higher 
degree on appointment. The post is 
tenable for three years with a starting 
salary up to £4,232 per annum on 
the Research Range IRB scale £3,689 


to £5,321 per annum depending on 
age and experience. Applications, 
together with the names of two 


referees, should be received not later 
than June 29, 1979. by the Academic 


Registrar, University of Warwick, 
Coventry CV4 FAL. Please quote 
Ref. No. 44/A/79. 2042(A) 





QUEEN MARY COLLEGE 


University of London 
ASTRONOMY— 
APPLIED MATHEMATICS 


POSTDOCTORAL 
RESEARCH ASSISTANT 


required from October 1, to work 
with Professor L W. Roxburgh and 
Dr S. J. Schwartz on an SRC. 
supported project on plasma physics 
of the solar wind, Applicants should 
have experience in an area of plasma 
physics. Appointment for 2 years, 
with possibility of extension for third 
year. 

Initial salary in range {under re- 
view) £4,838 to £5,990 per annum 
(including London Allowance). 

Applications including age, quali- 
fications, experience and names of 2 
referees, should be sent to The 
Registrar (N), Queen Mary College, 
Mile End Road, London El 4NS. 

1O9S(A) 


DIRECTOR AND PROFESSOR 
MEDICAL BACTERIOLOGIST p 


ROBERT KOCH INSTITUTE 
FEDERAL HEALTH OFFICE 
BERLIN, FEDERAL REPUBLIC OF GERMANY 


The Federal Health Office is a superior Federal authority. 
Among its terms of reference are practice-oriented research, 
advisory and executive tasks, preparation of expertise as well 
as work on medical statistics in the field of Public Health, Its 
aims are the promotion of consumer protection in respect of 
health, reduction of health hazards resulting from the environ- 
ment, detection of causes, early recognition, and control of 
diseases as well as drug safety. 1,400 people are employed, 
among them 350 scientists. 





Applications are invited for a post involving interesting, 
responsible and independent work. 


Responsibilities: As chief bacteriologist, the appointee is 
responsible for the Enterobacteriaceae Unit which has the 
status of a National Salmonella and Vibrio Reference Labora- 
tory. He is expected to supervise the staff, to carry on Public 
Health tasks linked to the diagnostic and epidemiological work 
of the laboratory and to perform scientific research for the 
promotion of diagnostic development in the field of entero- 
bacteriaceae with special reference to enterotoxinogenic germs. 


Qualifications: M.D. or equivalent in microbiology, clinical 
bacteriologist preferred. Several years’ experience in bacteri- 
ology and/or diagnosis of bacterial infections with special 
reference to enteropathogenic bacteria. The candidate is 
expected to present a list of scientific publications on relevant 
subjects. 


Languages: Excellent knowledge of English or good working 
knowledge of other languages such as French or German. 


Initial salary: 60.000 DM/vear. The Office will assist the 
successful applicant in the procurement of housing. Allowance 
for temporary separation from family is granted under 
applicable regulations. ' 


Applications with curriculum vitae, photograph, brief outline 
of professional career, copies of credentials, and a list of 
publications should be sent by July 16, 1979, to the 


PRESIDENT OF THE FEDERAL HEALTH OFFICE 
Postfach: D-1000 Berlin 33 
quoting reference number 367 OL, 


For further information please call: (030) 8308 569 (Herr 


Pankonin). à 
WIAS{A) 


ULSTER POLYTECHNIC 


RESEARCH OFFICER 


(TWO-YEAR APPOINTMENT) 
Salary Scale: £3,732 to £4,632 (under review) 


A Research Officer is required to work in the Chemistry 
Division of the School of Physical Science on one of the 
following projects: 3 

Electrochemical fixation of carbon dioxide; 

Synthesis and testing of fungicides; 

Investigation of the Starch enzymology of Bacillus 
Macerans. 


Applicants must have a good Honours degree or equivalent 


in Chemistry. A higher degree with appropriate research 
experience will be an added advantage. 

The Polytechnic is a direct grant institution with an inde- 
pendent Board of Governors. It opened in 1971 and has a 
student population of some 7,500. It has extensive new purpose- 
built accommodation, including 750 residential places on the 
| I4-acre campus overlooking the sea at Jordanstown, a pleasant 
and quiet residential area. There is a scheme of assistance 
with removal. 

Further particulars and application forms which must be 
returned by June 25, may be obtained by telephoning 
Whiteabbey (0231) 65131, ext. 2243 or by writing to: 

The Establishment Officer, Ulster Polytechnic, Shore Road, 
NEWTOWNABBEY, Co. Antrim BT37 OQB. 2025(A) 
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CSIRO 


AUSTRALIA 


Postdoctoral Research Fellow 


Division of Forest Research 
Queensland Regional Station 
Atherton, Queensland 


CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 7,000 
employees—2,400 of who are research and professional scientists 
-located in Divisions and Sections throughout Australia. 


Field: Forest Soils Research. 


General: The Division has a small group located at Atherton in 
North Queensland undertaking research in aspects of rainforest 
botany and ecology. Atherton lies within the main belt of tropical 
rainforest in northeastern Australia and is well situated as a base for 
field research with a wide variety of rainforest types in the 


immediate vicinity. 


Duties: To initiate and undertake research relating to the 
influence of soil properties on the distribution of rainforest plant 
species and the effects of various forest management alternatives on 
the stability of rainforest soils. It is envisaged that the work will be 
carried out in co-operation with other members of the Station and 
soil scientists from the Division of Soils located in Townsville. 

Qualifications: A Ph.D. or equivalent qualification in a relevant 


field, preferably soil physics. 


Salary: Research Scientist/Senior Research Scientist $15,422-— 


$22,405 p.a. 


Tenure: 5 years superannuation available. 

Applications IN DUPLICATE, stating full personal and professional 
details, the names and addresses of at least two professional 
referees, and QUOTING REFERENCE NUMBER 1050/131 should 


reach :—- 


The Personne! Officer, Australian Scientific Liaison Office, 
Canberra House, 10-16 Maltravers Street, London WC2R 3EH, by 


6th JULY, 1979. 


Applications in U.S.A. and Canada should be sent to :— 
The Counsellor Scientific, Embassy of Australia, 1601 Massachusetts 


Avenue, N.W., Washington, D.C., 20036, U.S.A. 


1088(A) 


M.R.C. CLINICAL RESEARCH CENTRE 
(Northwick Park Hospital) 
Watford Road, Harrow, Middlesex HAI 3UJ 


We require a 


Ph.D, PHARMACOLOGIST 


with experience in experimental cancer chemotherapy or in evaluating 
toxicity of antitumour drugs in experimental cancer chemotherapy. This 
work will be carried out under a grant awarded for two years by the 
National Institute of Health. This appointment will therefore be for two 
years on a salary scale starting from £3,883 to £6,080 per annum plus 


£502 Landon Allowance, 


Application form obtainable From Mrs J. Tucker-Bull, 01-864 5311, 


ext. 2685, Please quote Ref. 


THE ANIMAL VIRUS 
RESEARCH INSTITUTE 
Pirbright, Woking 
Surrey GU24 ONF 
MICROBIOLOGIST/ 
IMMUNOLOGIST 


Applications are invited for a micro- 
biologist /immunologist to work on the 
antigen and antibody relationship in 
foot-and-mouth disease and possibly 
other viruses which shaw marked anti- 
genic variation, Recent work has 
established the possibility of produc- 
tion of monocional antibodies and it 
is proposed to intensify work on ths 
topic, Candidates should have a good 
honours degree and at least four years’ 
postgraduate experience in immunology 
or virology. 

The post is in the 55.0. grade 
£5,154 to £6,898, under review). House 
available for suitable married 
applicant, Non-contributory super- 
annuation scheme, 

Application forms and further 
Particulars from the Secretary. 

2028(A) 


III/1/NIH/SC. Closing date: 


June 22. 
2008(A) 





UNIVERSITY OF 


SOUTHAMPTON 


MEDICAL ONCOLOGY UNIT 


Applications are invited for the 
position of Postdoctoral Research 
Fellow in the above Unit. The person 
appointed will work on the isolation 
of cytoskeletal proteins and their 
interaction with the cell surface, in 
close cooperation with a group 
interested in cell adhesion and with 
others interested in clinical aspects 
of cancer research. Applicants should 
either be about to obtain or have 
recently obtained a Ph.D. in Bio- 
chemistry or some related discipline, 
Experience of protein biochemistry, 
or immunology would be  advan- 
tageous. The appointment will be for 
three years. 

Salary Range: £4,333 to £5,488 per 
annum, U.S.S. benefits. 

Applications giving date of birth, 
curriculum vitae and the names and 
addresses of two referees, should be 
sent to Mrs P. Vaughan-Smith, The 
University, Southampton 509 SNH, 
not later than June 22, 1979. Please 
quote reference 1069/R. 2044(A) 


not later than July 7, 1979, 


on 





International Laboratory for 
Research on Animal Diseases 
LL.R.A.D.-—Nairobi-—-Kenya 
RESEARCH ASSISTANT 


To work on the Immunology 
and Parasitic diseases. There are 
three vacancies for research 
assistants in the laboratory of the 
Director of ELL.R.A.D. The re- 
search assistants should be 
qualified and should have experi- 
ence on tissue culture, immuno- 
logy or parasitic diseases. 
TERMS: 

The salary will depend on age 
and experience. Perquisites in- 
clude moving allowance, housing 
and commutation allowances, 
medical and retirement benefits, 

Applications, with curriculum 
vitae, and the names of three 
referees should be submitted to 

The Director 

LL.R.A.D. 

P.O, Box 30709 

NATROBI--KENYA 
To reach him not later 
June 28, 1979, 


than 


WILITKA) 





UNIVERSITY OF 
CAMBRIDGE 
BIOMETRY 
vacant 


UNIVERSITY 
DEMONSTRATORSHIP 


in the 
DEPARTMENT OF 
APPLIED BIOLOGY 


to support teaching and research in 
Biometry with special comphasis on 
use of the University computer. Good 
Honours degree in Mathematics, 
Statisties or Computer Science and/or 
postgraduate experience of biometrical 
analysis and computer-programming. 
Salary in scale £4,508 to £5,591, 
pensionable. Limited contribution to 
removal expenses, 
_ Further details from and applica- 
tions including full personal particu- 
lars, list of publications and names and 
addresses of not more than three 
referees to the Secretary, Faculty of 
Biology ‘A’ Appointments Committee, 
Department of Applied Biologv, Pem- 
broke Street. Cambridge CB2 3DX. 
2064(A) 





CENTRAL MIDDLESEX 


HOSPITAL 
DEPARTMENT OF 
GASTROENTEROLOGY 


RESEARCH ASSISTANT 


A Research Assistant is required 
work on a Research Programme 
concerned with clinical nutrition. The 
work is concerned with investigating 
the pathophysiology of diarrhoea that 
occurs during Enteral Nutrition, 

The post is for two years at an 
initial salary of £3,689 (plus £354 
London Allowance). It is hoped that 
the appointee will register for a 
higher degree. 


Applications and enquiries should 
be sent to Dr D. B. A. Silk, Depart- 
ment of Gastroenterology, Central 
Middlesex Hospital, London NWI10 
not later than July 1, 1979. 

2048(A) 
UNIVERSITY OF 
LIVERPOOL 
ORTHOPAEDIC AND 
ACCIDENT SURGERY 
TECHNICIAN 


for research project concerning the 
biological approach to replacement 
of arthritic joints. Facilities are 
available within the department for 


cartilage and bone cell culture. Pre- 
vious experience of immunological 
techniques desirable, but training 


given. Candidates must possess H.N.C. 
or an appropriate equivalent qualifica- 
tion and have had severa! years 
laboratory experience. Salary within 
a range up to £4,086 per annum, 


according to qualifications and ex- 
perience. 

Application forms available from 
the Registrar, The University, P.O. 


Box 147, Liverpool L69 3BX. Quote 
Ref: RV/628/N., 2046(A) 


PRESTON POLYTECHNIC 


Applications are invited for the 
post of 


PRINCIPAL LECTURER 
IN ASTRONOMY AND 
DIRECTOR OF THE 
POLYTECHNIC 
OBSERVATORIES 
Salary: Principal Lecturer 
£7,047 to £7,818 (bar) to £8,844 

under review. 

Further particulars and applica- 
tion forms are available fram the 
Personnel Officer, Preston Poly- 
technic, Corporation Street, 
Preston PRI 2TQ, to whom com- 
plefed applications should be 
returned within {4 days of this 
advertisement, 2034(A) 





UNIVERSITY OF 
MASSACHUSETTS 


Three positions in protein bio 
synthesis available immediately in th 
Department of Biochemistry. 

I. POSTDOCTORAL to work œ 


elucidating the topography of ribo 
somal binding sites for initiation 
factors and tRNA by photochemica 
labelling. 


2. POSTDOCTORAL to work oi 
the analysis of ribosome  assembi: 
reactions by photoaffinity ant 
fluorescence techniques, 

3. ASSISTANT PROFESSOR 
RESEARCH ASSOCIATE tọ teac] 
course in molecular biology and t 
participate jin research on ribosom: 
structure and function, with emphasi 


on the physicochemical] characterisa 
tion of protein-nuci¢ic acid inter 
actions. 

Experience in protein synthesis, 
nucleic acid chemistry desirable 
Appointments of one to three year 
can he arranged. Send resume, in 


cluding the names of three reference 
and position applied for. to Dr I 
Schwartz or Dr R. A, Zimmermann 
Department of Biochemistry, Univer 
sity of Massachusetts, Amherst 
Massachusetts 01003, U.S.A. 

An Affirmative Action/Equa 
Opportunity Employer. W IS3{A) 


unnarennet aee TEN eA 


LONDON SCHOOL OF 
HYGIENE AND TROPICAL 
MEDICINE 
(University of London) 
Keppel Street WCIE 7HT 
DEPARTMENT OF 
HUMAN NUTRITION 
CLINICAL NUTRITION AND 
METABOLISM UNIT 
ST. PANCRAS HOSPITAL 
A POSTDOCTORAL 
RESEARCH FELLOW 
is required in September 1979 to wor’ 
for up to {two years on a projec 
sponsored by the Medical Researe 
Council for studies on the regulatio 
of protein synthesis and breakdown i 


animal tissues. 
The salary is in the range £4,360 t 


£7,145 (under review) plus £50 
London Weighting. os 
Applications, consisting of fu 


curriculum vitae and naming tw 
referees, should be addressed to Pre 
fessor J. C. Waterflow at the CN M.U 
4 St. Pancras Way, London NWI 

2066( A) 


thes aineinaan ch Aer raaa na yam 


RESEARCH 
OPPORTUNITIES 


(Polymer Research) 
SCHOOL OF CHEMICAL AND 
PHYSICAL SCIENCES 


wet environments. 
graduates should contact the Academ: 
Registry, Dept. AO, quoting reference: 
NTI for details and application forr 
(to be returned as soon as possible: 
Kingston Polytechnic, Penrhyn Roas 
Kingston upon Thames KTI 2EE. Te 

O1-§49 1366. 2014A) 
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INTERNATIONAL CROPS RESEARCH INSTITUTE UNIVERSITY OF GLASGOW | ASSISTANTSHIPS—cont. 


FOR THE SEMI-ARID TROPICS (1.C.R.LS.A.T.) 
Hyderabad, India 


needs the following personnel to work in West Africa. 


PLANT BREEDER (PEARL MILLET) 


Responsible for planning and conducting research, in cooperation with 
a team of international scientists, to develop varieties and advanced 
breeding materials. Qualifications: Ph.D. in Plant Breeding with 
excellent academic record; at least five years’ research experience in 
plant breeding, preferably of millet as evidenced by publications/reports, 
and in organisation and coordination of research. Knowledge of 
modern techniques in crop improvement and experience of semi-arid 
tropics would be advantageous. Bilingual ability in English and French 


preferred. 
SOIL AND WATER ENGINEER 


Responsible for collection, analysis and interpretation of research 
information in management of natural resources and for evaluation of 
representative farming systems existing in the region. Qualifications: 
Doctorate with an excellent academic record in Soil and Water 
Engineering, Soil Physics, or Agricultural Engineering, with substantial 
formal training in hydrology; proven ability for teamwork with other 
scientists in interdisciplinary research programmes. Experience in 
agricultural research pertaining to less developed countries of the S.A.T., 
at least five years’ postdoctoral research experience, and ability to speak 
and write French would be advantageous. 


AGRONOMIST 


Responsible for devising and executing research programmes on 
cropping systems, soil fertility and soil management for pear! millet, 
groundnut, and other crops in the region, in consultation with a team 
of international scientists. The research will be aimed at developing 
systems of farming which increase and stabilise yields. Qualifications: 
Ph.D. in Agronomy or associated science: seven years’ experience in 
agronomic research ability to lead a team of scientists in inter- 
disciplinary research. Experience in agricultural research in less 
developed countries of the knowledge of IC.R.LS.A.T.'s 
Farming Systems Research, and fluency in French would be desirable. 


Salary commensurate with qualifications; excellent fringe benefits. 


Send resume by September 15, 1979 to: Director, L.C.R.US.A.T., 
1-11-2856, Begumpet, Hyderabad 500 016, India. WISMA) 


Aaien rera seen manamana i e e e e e e r RU an a: nnna 


SOUTH GLAMORGAN HEALTH AUTHORITY 
(TEACHING) 


UNIVERSITY HOSPITAL OF WALES 
Department of Haematology 


SCIENTIFIC OFFICER 


There is a vacancy for a graduate in Mathematics to work 
as a Scientific Officer in the Department of Haematology in 
the University Hospital of Wales. This post would be suitable 
for a person wishing to apply their mathematical expertise to 
medicine within an active clinical and laboratory environment. 
In addition to routine duties relating to data processing and 
quality control, the successful applicant would be expected to 
take part in the research and development activities of the 
Department. The development of new mathematical applica- 
tions within the field of Haematology would be encouraged. 


The appointment will be at Scientific Officer level within 
the scale of £3,486 to £4,899 (under review)~-Whitley Council 
Terms and Conditions of Service. 


Further particulars may be obtained from: 
Dr I. Cavill. Tel. (0222) 759444, Ext. 2365/2364. 


Application forms from: Personnel Department, University 
Hospital of Wales, Heath Park, Cardiff. Tel. (0222) 755944, 
Ext. 2917. 


Closing Date: June 22, 1979, 2047(A) 





M.R.C. CLINICAL RESEARCH CENTRE 
(Northwick Park Hospital 
Watford Road, Harrow, Middlesex HA1 3UJ 
DIVISION OF PERINATAL MEDICINE 


POSTDOCTORAL ENZYMOLOGIST 


required to work on developmental enzymology in man with emphasis on 
mitochondrial systems. Previous experience in the biochemistry of 
mitochondria is therefore desirable. Further details are available from 
Dr R. A. Harkness, Division of Perinatal Medicine, Clinical Research 
Centre, Harrow HAI 3UJ, Middlesex. Tel: 01-864 S311, ext. 2712. 


This appointment will be for three years only. Salary within the range 
£4,408 to £6,080 plus £502 London Allowance. Further details and 
application form from Mrs J. Tucker-Bull, quoting Reference 133/1/4267. 
Closing date: July 2. 2007(A) 





POSTDOCTORAL 


RESEARCH ASSISTANTSHIP 
DEPARTMENT OF 
BIOCHEMISTRY 


Applications are invited for an 
M.R.C. funded Research Assistantship 
to be filled at postdoctoral level. The 
post is with a group studying the 
molecular biology of antibody forma- 
tion with emphasis on the application 
of recombinant DNA technology. 
Experience in molecular immunology 
or recombinant DNA techniques is 
desirable, but a general background in 
nucleic acid biochemistry would be 
suitable, 

Containment facilities (categories ft, 
2 and 3) are available in the Depart- 
ment of Biochemistry and cloning of 
murine and human genes is in 
progress. 

The position is available from July 
1, 1979, and is funded for 5 years. 

Salary will be within Range 1A of 
the salary scales for Research and 
Analogous Staff (£4,232 to £7,145, 
under review) with appointment at a 
point | appropriate to age and 
experience, 

Application with curriculum vitae 
and names of two referees should be 
sent aS soon as possible to Professor 
R. A. Williamson, Department of 
Biochemistry, University of Glasgow, 
Glasgow Gi2 8OQ. 

In reply please quote Ref, No. 
4464M. 2009(P) 





UNIVERSITY OF 


LIVERPOOL 
DEPARTMENT OF 
BIOCHEMISTRY 
Applications are invited from 


ORGANIC CHEMISTS/ 
BIOCHEMISTS 


for the post of Postdoctoral Senior 
Research Assistant to join a group 
working on the biosynthesis and 
metabolism of the ecdysteroids jin 
insects and plants. Experience opf 
steroid or terpenoid chemistry will be 
an advantage but not essential. 

The appointment is tenable for a’ 
period up to two years and would 
Start as soon as possible but prefer- 
ably not later than October, 1979. 
Initial salary within the range £4,232 
to £5,048 per annum (under review) 
plus U.S.S. Benefits. 

Applications, together with the 
names of two referees, should be 
received as soon as possible by The 
Registrar, The University, P.O. Box 
47, Liverpool L69 3BX, from whom 
further particulars may be obtained. 
Quote Ref: RV/629/N. 2045(A) 





ASSISTANTSHIPS 


BRIGHTON 
POLYTECHNIC 


FACULTY OF NATURAL AND 
LIFE SCIENCES 


RESEARCH 
ASSISTANTSHIPS 


Vacancies exist in the 
following Departments: 


APPLIED CHEMISTRY 
APPLIED PHYSICS 
PHARMACY 


Salary scale: 
£87(2) to £2,787. 


Details of posts and applica- 
tion forms from Administra- 
tive Officer, Faculty of 
Natural and Life Sciences, 
Brighton Polytechnic, Moulse- 
coomb, BRIGHTON  BN2 
4GJ, to whom completed 
forms should be returned by 
Friday, July 13.  2068(A) 


£2,613 by 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF BIOCHEMISTRY 
JUNIOR 
RESEARCH ASSOCIATE 

Applications are invited from 
Honours Graduates for the position of 
Junior Research Associate (Salary 
Scare 1B: £3,689 to £5,321) in the 
above department, This position, which 
is funded by a praject grant from the 
Medical Research Council, is available 
from October 1, 1979, for a period of 
three years. It may be possible for the 
successful applicant to register for 
the degree of Ph.D. 

The work will involve a study of 
the regulation of the hormone-sensitive 
triglyceride lipase from adipose tissue, 
and will utilise a wide variety of 
techniques of enzymology and protein 
chemistry. 

Applications, including a curriculum 
vitae and the names of two referees, 
Should be sent as soon as possible to 
Dr $. J. Yeaman, Department of Bio- 
chemistry, Ridley Building, University 
of Newcastle upon Tyne NE! FRU. 

2052(A) 


KINGSTON POLYTECHNIC 
SCHOOL OF GEOLOGY 


RESEARCH ASSISTANTSHIP 


Research Assistant required from 
August 1979 ta work on 


THE BIOSTRATIGRAPHY AND 
GEOCHEMISTRY OF 

PHOSPHATE-RICH STRATA IN 
EUROPE ANO NORTH AFRICA 


Directed jointly by Drs R. T, J. 
Moody and I F. Hazell. The selected 
candidate will be expected to register 
for a higher degree. 

Salary range £2,940 to £3,114 
inclusive. 

Details and application forms (to be 
returned by June 29, 1979) quoting 
Ref. NT3, from Academic Registry, 
Dept. AO, Kingston Polytechnic, 
Penrhyn Road, Kingston upon Thames 
KT1i 2EE. Tel: 01-549 1366. 

2015(P) 





AWARDS 


UNIVERSITY OF 


NOTTINGHAM 
DEPARTMENT OF ZOOLOGY 
Applications are invited for a 


C.AS.E. AWARD 


to work on the mechanisms of up- 
take of tickicides by the cattle tick 
(Boophilus sp.) Candidates should 
have a good honours degree in zoology 
and a special interest in physiology 
and cytology. The work which can 
lead to a higher degree will be 
carried out in the Zoology Depart- 





ment, Nottingham University and 
Boots Animal Research Centre, 
Thurgarton. 


Applications should be addressed to 
the Department of Zoology, Notting- 
ham University, closing date Jane 18, 
1979. 2022(N} 





STUDENTSHIPS and 
FELLOWSHIPS 


GUY'S HOSPITAL 
MEDICAL SCHOOL 


(University of London) 
PHYSICS DEPARTMENT 


AN M.R.C. STUDENTSHIP 


is offered for work leading to a 
Ph.D. in: the Non-Invasive Investiga- 
tion of Cardiac/Vascular Disease using 
Doppler-Shift Ultrasound. 

Candidates should possess or expect 
to achieve a Ist or 2nd Class Honours 
degree in Physics or a Life Science. 

Apply in writing, with a brief 
curriculum vitae and the names of 
two referees, to the Secretary, Guy's 





Hospital Medical School, London 
Bridge SE! ORT, by June 15, 1979, 
2006(F) 


Continued on next page 
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STUDENTSHIPS and FELLOWSHIPS continued 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF CHEMISTRY 


S.R.C. C.A.S.E. 
RESEARCH STUDENTSHIPS 1979 


Applications are invited for S.R.C. C.A.S.E. Research 
Studentships starting in October 1979 on the topics and with 
supervisors and companies listed below: 

Dipolar Cyclo Additions in Polymerisation 

Dr R. M. Paton/ LC. Organic Division 
Vinylchloride Precipitation Polymerisation 

Dr W. D. Cooper/LC.I. Plastics Division 


Micro-columns for HPLC 


Professor J. H. Knox/I-C.1. Organics Division 
Catalytic Reactions of Hydrocarbons on Treated Aluminas 
Professor C. Kemball/L.C.[. Petrochemicals Division 
Mechanism of Dissolution of Organic Solutes by Water 

Dr B. M. Lowe/Unilever Research Ltd. 

Applicants should hold or expect to hold at least an upper 
second class honours degree in chemistry or a related subject 
and should write, giving the names of two academic referees, 


as soon as possible to: 


Professor C. Kemball, 
Department of Chemistry, 
University of Edinburgh, 


West Mains Road, 


EDINBURGH EH9 33] 


UNIVERSITY 


OF YORK 





DEPARTMENT OF BIOLOGY 
S.R.C. CA.S.E. 
STUDENTSHIP 


with Dr M. Davies, for three years 
from October 1, 1979, in collabora- 
tion with Simon-Hartley Ltd., Stoke- 
on-Trent. Enhanced efficiency in 
waste-water treatment is sought 
through studies of the physiology and 
biochemistry of growth in a novel 
completely mixed microbial film 
fermenter. The dependence of the 
population distribution on oxygen and 
substrate gradients within the bio- 
mass support particles is of funda- 
mental interest. 

Candidates should have or expect 
to obtain a first or upper second class 
honours degree in microbiology or 
biochemistry. 

Apply to Dr M, Davies, Department 
of Biology, University of York, York 
YOI SDD {telephone 0904 59861, ext. 
§833), from whom further informa- 
tion may be obtained. 109 1CF) 


2054(F) 


UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENT OF 

ELECTRICAL ENGINEERING 

RESEARCH IN 
ELECTRICAL MACHINES 
TWO C.A.S.E. 
STUDENTSHIPS 
are available fram October 1979, 
One of these is sponsored by 
G.E.C. Turbine Generators Limited, 
Stafford, and is concerned with 
magnetic field problems in large 
generators, The other is sponsored 
by the Central Electricity Research 
Laboratories, Leatherhead, and is 
concerned with electromagnetic 
problems in superconducting gener- 
ators. Several weeks each year wil! 
be spent with these sponsors who 
will augment the basic S.R.C., grant 

by at least £550 plus expenses. 

The successful candidates will be 
expected to register for a higher 
degree. 

Applications, with curriculum 
viae and the names of two referees 
to Mrs M. Campbell, Department 
of Electrical Engineering, The 
University, Southampton SO9 5NH, 
Please quote Ref. N. 2058(F} 





Royal Holloway College 
(University of London) 


S.R.C. C.A.S.E. Studentships 


Applications are invited for two S.R.C. C.A.S.E. Studentships in 


the Department of Chemistry. 


(1) “Cl mass spectrometry of synthetic base oils”, with 
Dr R A Hancock and Burmah Castro! Company. 


(2) “Computer simulation of the interface between ionic 
crystals and solution”, with Professor K Singer and 


Unilever Research Laboratory. 


Applications, giving the names of two referees should 
be sent as soon as possible to the Registrar, (N) Royal 
Holloway College, Egham, Surrey, TW20 OEX. 
Further particulars may be obtained from the 


Department of Chemistry (Tel. Egham 5351). 





2039(F) 


Athrofa Gogledd-dd Cymru 
The North E. Wales Institute 


of higher education 


KELSTERTON COLLEGE, CONNAH'S QUAY, 
DEESIDE, CLWYD 


S.R.C. C.A.S.E. 
STUDENTSHIPS 


Applications are invited for two S.R.C. C.A.5.£. Studentships, tenable 
from ist October, 1979 for work on the following projects: 


1. “Mechanism of lipid oxidation in aqueous emulsions’, in 
collaboration with Unigate Ltd. Supervisor: Dr J. C. Allen. 


2. “Radioimmunoassay of polyamines”, in collaboration with 
Ortho Diagnostics, Ltd. Supervisors: Drs J. C. Allen and 


C. J. Smith. 


The co-operating bodies will supplement the SRC Studentships by 
£250 p.a. Applicants should possess or expect to obtain 1st or upper 
2nd class Honours, and should write as soon as possible, with 
curriculum vitae, to the Institute Registrar, North East Wales Institute, 
Kelsterton College, Connah's Quay, Deeside, Clwyd CHS 4BR. 





UNIVERSITY OF YORK 
DEPARTMENT OF 
BIOLOGY 


S.R.C. CASE. 


STUDENTSHIP 


An S.R.C. C.A.S.E. Student- 
ship is available for three years 
from October 1979 to work under 
the supervision ef Dr . W. 
Robards in collaboration with 
LCI Plant Protection Ltd. 
(Jealott’s Hill on the effects of 
formulation adjuvents on plant 
cuticles. The work will involve a 
range of radiochemical, physio- 
logical and electron microscopical 
techniques with the aim of im- 
proving the uptake of foliar 
applied pesticides. 

Candidates should have, or 
expect to obtain, a first or 
upper second class honours 
degree in a relevant biological! 
subject. 

Further information may be 
obtained from Dr A. W. Robards, 
Department of Biology, University 
of York, York YO! SDD (tel. 
0904 59861, ext. 5822). 

2043(F} 


UNIVERSITY OF 
READING 
S.R.C. RESEARCH 
STUDENTSHIP 


Applications are invited from 
British or Commonwealth subjects 
for an S.R.C, Research Student- 
ship tenable for 3 years in the 
Department of Microbiology from 
October 1, 1979. The successful 


applicant, who must have at least 
a Class 2 division I honours degree 
in Microbiology, Biochemistry or 


a related subject, will do research 
for a higher degree. Projects are 
available in microbial physiology 
and biochemistry, bacteriology, 
virology, serology, ecology and 
genetics and applicants should ine 


of the award is 
£1,610 per annum tax-free Cinder 
review) with remission of approved 
fees. 

Application form from Dr L. J. 
Zatman, Department of Micro- 
biology, University of Reading. 
London Road, Reading RG! SAQ. 
(Ref. M. 38A.} 2004(F) 





1061(F) 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF 
OBSTETRICS AND GYNAECOLOG* 
M.R.C. POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited from suis 
ably qualified biochemusts to work & 
part of a clinical group, under Fre 
fessor Klopper, on isolation, assay are 
clinical application of new proteig 
isolated from the placenta, 

Experience in immunological teck 
niques and protein handling wous 
be advantageous. 

Appointment will be for 2 years, # 
commence as soon as possible. Salay 
within Range fA, £4,232 to £7,14 
per annum (under review), wif 
appropriate placing. 

Further particulars from TE 
Secretary, The University, Aberdee 
with whom applications (2 copie 
should be lodged by June 29, 197 

2016(B) 
GUY'S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 
BIOCHEMISTRY AND 
CHEMISTRY DEPARTMENT 
Applications are invited for a 

RESEARCH STUDENTSHIF 
in Biochemistry, funded by Ë 
Muscular Dystrophy Group of Gre 
Britain, to work with Dr D. C. Wat 
over three vears, on biochemie 
changes in the human erythrocy 
membrane in relation to neu# 
muscular disease. 

Applicants should have a g% 
honours degree and will be expect 
to register for a Ph.D. 

Apply in writing, with curricule 
vitae and the names of two referee 
to the Secretary, Guy’s Hosp 
Medical School, London Bridge S 
ORT, quoting Ref. B.C.2. 2020CF 


areeni mia manny runing tr Rete AN A aaa me errant eer 





peewee? 


UNIVERSITY OF ABERDEE 
DEPARTMENT OF BOTANY 
Applications are invited for 

SRC, CASE. Studentship for th 

years in Plant Pathology to work 

the above department and at 

Scottish Horticultural Research _ 

stitute, Dundee, commencing Octo® 

1. 1979, The project is to devlop 

inoculation technique for Elsie 

veneta (a fungal pathogen of ræ 
berry). : 

Application forms and fur” 
particulars from the Science Facw 

Office, University of Aberde: 

Regent Walk, Old Aberdeen. a 

(203158 
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UNIVERSITY OF 
WARWICK 
RESEARCH FELLOWSHIP 
IN VIROLOGY 


Applications are invited for a Post- 
doctoral Fellowship in the Tumour 
Virus Research Group in the Depart- 
ment of Biologica! Sciences. The 
successful applicant will work in a 
small group studying the bio- 
chemistry of C type RNA tumour 
viruses, with particular reference to 
their ability to transform cells. Ex- 
perience of nucleic acid technology 
and in particular the use of in situ 
hybridization techniques, while not 
essential, would be an advantage. 
Starting salary will be between points 
I and 6 on the Research 1A scale: 
£4,232 (£5,591) £7,145 per annum. 
The Fellowship (funded by the Medical 
Research Council) is available from 
October 1, 1979 and is renewable on 
an annual basis until September 1981, 
Further details and application forms 
from the Academic Registrar, Univer- 
sity of Warwick, Coventry, CV4 7AL 
quoting Ref. No. 43/A/79. Closing 
date for recipt of applications is 
June 22, 1979. (2036)E 


UNIVERSITY OF 


EDINBURGH 
DEPARTMENT OF 
BIOCHEMISTRY 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for the 
above post supported by the Medical 
Research Council and tenable for 18 
months from October 1, 1979. The 
project will investigate the biological 
significance of cytochrome e methyla- 
tion and the use of methylation as a 
means of studying protein: protein 
interactions. Some experience in 
protein chemistry or enzyme purifica- 
tion is desirable. 

Starting salary in the range £4,232 
to £5,048 per annum. 

Further information may be 
obtained from Dr G. W. Pettigrew, 
Veterinary Unit, Department of Bio- 
chemistry, Royal (Dick} School of 
Veterinary Studies, Summerhall, Edin- 
burgh EHS IQH, to whom applica- 
tions including the names of three 
referees should be sent before June 
30, 1979. Please quote Referente 
$067, 2012(E) 


THE UNIVERSITY OF 
MANCHESTER 
S.R.C. CAS.E. 
STUDENTSHIP 


Applications are invited for a three- 
year C.A.8.E. Studentship, starting 
October 1, 1979, in the Organic 
Section of the Department of Chem- 
istry for research leading to the 
degrees of M.Sc. and Ph.D. under the 
supervision of Dr J. M. Bruce in col- 
laboration with Dr J. Elks of Glaxo 
Research Ltd., Greenford, on the 
synthesis of anthracyclines and related 
compounds. Applicants should hold, 
or expect to hold, at least an Gpper 
second class honours degree in chem- 
istry, or its equivalent. 

Further details can be obtained 
from Dr J. M. Bruce, Department of 
Chemistry, The University, Man- 
chester M13 9PL, to whom applica- 
tions, with curriculum vitae and the 
names of two academic referees, should 
be sent as soon as possible. 1095(F) 


UNIVERSITY OF OXFORD 


PHYSICAL CHEMISTRY 
LABORATORY 
Applications are invited for a 


C.A.S.E. STUDENTSHIP 

än collaboration with the Meteorologi- 
wal Office, Bracknell, for the study of 
aatmospherically important energy trans- 
fer processes at low temperatures using 
pulsed laser techniques. The student- 
ship is available from October 1979. 
wand candidates should have, or expect 
Mo receive, a First or Upper Second 
«Class Honours degree in Chemistry. 
AChemical Physics, or a related subject. 

Applications, which should include 
aletails of academic experience, and 
@he names of two referees, should be 
made as soon as possible to Dr 
ac. J. 8S. M. Simpson, Physical Chem- 
Mistry Laboratory, South Parks Road, 
Oxford OXI 3QZ. 2063(F) - 


As a Pharma Research Institute, we are a subsidiary of the worldwide 
SANDOZ-Group. Our objective is the discovery of new approaches to 


the therapy and prophylaxis of infectious diseases. 


Currently, we offer a 


POSTDOCTORAL FELLOWSHIP 


in our Department of Biochemistry. This opening is concerned with the 
investigations on drug metabolism and drug produced toxicity in isolated 


cells and organs. 


Preference is given to graduated candidates possibly with experience in 
biochemistry or biophysics. 


The successful candidate will find excellent working conditions in well 
equipped laboratories. The appointment will be for an initial two-year period 
with the possibility of an extention for one additional year. We offer an 
attractive salary. Travel expenses from and to the country of origin will be 


paid. 


Please send application including curriculum vitae and credentials to 


Dr N. Zacherl, Personnel Manager 
SANDOZ Forschungsinstitut, 
A-1235 Wien, Brunner Straße 59, 


SANDOZ 


UNIVERSITY OF 


CAMBRIDGE 
DEPARTMENT OF 
PHARMACOLOGY 


M.R.C. 
RESEARCH STUDENTSHIP 


Applications are invited for a 3-year 
studentship to commence in October 
1979. Candidates should have, or 
expect to obtain this year, a good 
honours degree in Biochemistry, Bio- 
physics, Pharmacology, Physiology, or 
related subjects, The successful can- 
didate will be expected to register for 
a Ph.D. and pursue research into 
pharmacological aspects of insulin 
secretion and the molecular basis of 
hypoglycaemic drug action, The re- 
search methodology involved will be 
multidisciplinary. 

Applications together with a cur- 
riculum vitae and the names and 
addresses of two referees should br 
sent as soon as possible to Dr E. K. 
Matthews, University Reader in 
Pharmacalogy, Department of Pharma- 
cology, University of Cambridge, 
Hills Road, Cambridge CB2 20D. 

2029(F) 


M.R.C. 
RESEARCH STUDENTSHIP 
DEPARTMENT OF 
HUMAN NUTRITION 
LONDON SCHOOL OF 
HYGIENE AND TROPICAL 
MEDICINE 


(University of London) 

Applications are invited for a 
Research Studentship to join a group 
investigating the regulation of growth, 
protein synthesis and degradation in 
muscle. The work is taking place at 
the Clinical Nutrition and Metabolism 
Unit at St. Pancras Hospital. 

Applicants should expect to gain a 
first or second class honours degree in 
Biochemistry, Physiology, or Nutrition, 
and should be able to start in October, 
1979. 

Applicants should send a curriculum 
vitae together with the names of two 
referees to Dr D. J. Millward, Clinical 
Nutrition and Metabolism Unit, 4 St. 
Pancras Way, London NWI, as soon 
as possible, 2057(F) 


Austria. 


THE UNIVERSITY OF 
SHEFFIELD 
Wolfson Unit of Plant Cell 


Biotechnology 
DEPARTMENT OF 
BIOCHEMISTRY 


S.R.C. CASE. 
STUDENTSHIP 


In conjunction with B.P. Ltd. to 
study the utilisation of waste carbo- 
hydrate sources by isolated plant cells 
grown in large scale bioreactors. 
Position open to men and women 
graduates in Biochemistry, Micro- 
biology or Plant Biochemistry with a 
ist or 2G) degree. Tenable from 
October 1, 1979 under regulations 
governing S.R.C. C.A.S.E. awards. 
Supervisor, Dr M. W. Fowler, 
Sheffield; Mr E. Peel, B.P. Ltd. 
Applications to Dr M. W. Fowler, 
Unit Director, Wolfson Unit of 
Plant Cell Biotechnology, Department 
of Biochemistry, The University, 
Sheffield $10 2TN. Telephone 0742 
78555. Quote ref: R 307/G. 
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UNIVERSITY OF SUSSEX 


SCHOOL OF 
BIOLOGICAL SCIENCES 


RESEARCH COUNCIL 
STUDENTSHIPS 
IN DEVELOPMENTAL 
GENETICS 


Applications are invited for post- 
graduate studentships (fo commence 
October 1979) for research on 
(a) The genetics of early embryonic 

determination and imaginal disc 

morphogenesis in Drosophila 

melanogaster (with Dr J. R. S&. 

Whittle), and 
(b) Early detection of genetic and 

developmental lesions induced by 

transplacental éxposure to toxic 

chemicals (with Professor R. J. 

Cole). 

Applicants should write as soon as 
possible to either of the above at 
School of Biological Sciences, The 
University of Sussex, Falmer, Brighton, 
Sussex BNI 9QG. 205 LCF) 
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UNIVERSITY OF 


READING 
DEPARTMENT OF 
APPLIED STATISTICS 


S.R.C. RESEARCH 
STUDENTSHIPS 


Applications are invited: one is 
an S.R.C. C.A.S.E. Studentship, 
in collaboration with A.R.C. Let- 
combe Laboratory near Wantage, 
concerned with the development 
and testing of mathematical models 
of cell proliferation in relation to 
plant growth; the other is a 
straight S.R.C. Studentship and 
involves applications of probability 
or Statistics in some agreed area. 


Apply, quoting Ref. M. 39A, 
with curriculum vitae and the 
names of two referees to Professor 
R. N. Curnow, Department of 
; Applied Statistics, University of 
- Reading, Whiteknights, Reading 
RG6 2AH, from whom further 

particulars are available. 
0OS(F) 





UNIVERSITY COLLEGE 
CARDIFF 
~ DEPARTMENT OF GEOLOGY 
S.R.C. (C.A.S.E.) 
STUDENTSHIP 


for research, leading to the degree of 
Ph.D., into the development of a 
new analogue video comparison and 
measurement system for a wide variety 
of shape-analysis applications in the 
natural, physical and applied sciences, 
and in industry. The project is run 
jointly by the Geology Department and 
E.O.8. Electronics Ltd. 

Applicants should possess or expect 
to gain a first or upper second class 
Honours Degree in electronics or a 
closely related subject. Experience in 
a natural science would be = an 
advantage. 

Applications should be made as soon 
as possible to the Head of Geolog 
Department, University College, P. 
Box 78, Cardif CF1 1XL, from whom 
further details may be obtained. 

204% 
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UNIVERSITY OF 
AUCKLAND 
New Zealand 


UNIVERSITY 
POSTDOCTORAL 
FELLOWSHIPS 
1980/1981 AWARDS 


Applications are invited for Fellow- 
ships to begin during the period 
February 1, 1980 to January 31, FORI. 
The Eellowships are awarded for the 
purpose of carrying out advanced 


research. Successful applicants may be 
expected to participate in limited 
“teaching activities... Conditions of 


Appointment and application forms to 
be completed by candidates are avail- 
able from the University of Auckland, 
or from the Association of Common- 
wealth Universities (Appts), 36 Gordon 
Square, London WCIH OPF. Applica- 
tions will be accepted at any time up 
to July 31, 1979. 

The Fellowships are open to 
graduates of universities other than the 
University of Auckland; and holders 
of a Bachelors or Masters degree from 
the University of Auckland who heve 
also completed a Ph.D. degree at any 
university other than the University 
of Auckland. Prospective candidates 
should note that these Fellowships are 
NOT open to applicants whose Ph.D. 
degree was completed at the University 
of Auckland. To be eligible for a 
FeHowship, candidates must have been 
awarded the degree of Doctor of 
Philosophy, or have completed the 
requirements for such an award, or 
hold some other appropriate academic 
qualification. The Awards are primarily 
intended for candidates who have held 
a Ph.D. for not more than four years 
at the time of application, but in 
exceptional circumstances other can- 
didates may be considered. 

The total value of the Fellowships 
will normally be based on a monthly 
allowance of NZ$800 plus, where 
applicable, actual approved fares for 
the Fellow only, Fellows should expect 
to pay tax on the monthy allowance. 

The Fellowships are tenable for up to 
12 months and have been allocated to 
the following research groups. Prospec- 
tive candidates seeking further in- 
formation should write to the Registrar 
of the University, Private Bag, Auck- 
land, New Zealand: 
Anthropology---Oceanic descriptive and 

comparative linguistics, 
Geology—Structure, petrology and 

petrochemistry of high pressure and 
low temperature metamorphic rocks; 
Geology—~-Mesozoic chronostratigraphy, 

New Zealand--New Caledonia; 
Physics-—Biophysical studies of virus 

particles: 

Foology--Chemotaxonomy and natural 
products chemistry of lower marine 

invertebrates. 2050(E} 
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THE UNIVERSITY OF | 


SHEFFIELD 
DEPARTMENT OF PHYSICS 


RESEARCH STUDENTSHIP 
Luminescence in Amorphous 


Semiconductors 


Applications are invited from men 
and women for an SRC. CASE. 
Research Studentship in collaboration 
with Dr. P. J. Dean, Royal Signals 
and Radar Establishment, Malvern, 
leading to the degree of Ph.D. The 
investigation will be concerned with 
electroluminescence and deep traps in 
amorphous semiconductors, within our 


established group studying laser 
excited luminescence in these 
materials. Current work includes 


exitation for time 
The programme will 
in fundamental solid 
and in electro-optical 
techniques, and presents an Oppor- 
tunity to study novel materials of 
current technological interest. The 
award will be subject to the usual 
S.R.S. conditions, but the grant will be 


picosecond pulse 
resolved studies. 
give experience 
state physics 
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BRIGHTON 
POLYTECHNIC 
FACULTY OF NATURAL AND 
LIFE SCIENCES 
DEPARTMENT. OF 
APPLIED CHEMISTRY 


RESEARCH STUDENTSHIP 
(for postgraduate study 
leading to 
M.Phil. or Ph.D. degree) 
S.R.C. C.A.S.E. AWARD 
(Co-operative Awards in 
Science and Engineering) 


An inter-disciplinary research 
project in collaboration with the 
Ministry of Defence (Admiralty 
Marine Technology Establishment). 
The work involves a metallurgical 
and electrochemical study of: 

“THE EFFECT OF STRAIN 

CYCLING ON CORROSION 

FATIGUE OF METALS 

IN SEA WATER” 

Applications are invited from 
students with suitable qualifications 
in chemistry, metallurgy, mechani- 


cal engineering or chemical 
engineering. 

Remuneration: from £1,820 
(basic) (tax free), but various 


allowances payable. 

Further details and application 
forms from Mr J. D. Donald, Head 
of Department of Applicd Chem- 
istry, Faculty of Natural and Life 
Sciences, Brighton Polytechnic, 
Moulsecoomb, BRIGHTON BN2 
4GJ, to whom completed forms 
should be returned by July 13. 
1979. 2069(F) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF CHEMISTRY 
Applications are invited for a 


C.A.S.E. STUDENTSHIP 


to follow a Ph.D. project sponsored 
by B.P. Company Limited, entitled 
“Studies of Carbonylation Reactions 
Relating to Alcohol Synthesis’. Usual 
S.R.C. conditions apply. 


Persons interested should write, even - 


if degree results are not yet known, to 


Dr M. Kilner,. Department of Chem- 
istry, Science Laboratories. South 
Road, Durham DH? 3LE. 2024(F) 
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POSITIONS WANTED 


BIOCHEMIST (26) ({B.Ru. Sci, 
Ph.D.) seeks post for up to ú months 
in London; start mid-June. Experi- 
ence-—organ perfusion, cell culture, 
radioisotope techniques, enz. assays, 
column chromatog. J. Badenoch- 
Jones, 67 Windsor Road, London W35., 

1081(B) 





SCHOLARSHIPS 


THE UNIVERSITY OF NEWCASTLE 
NEW SOUTH WALES, AUSTRALIA 


Scholarships in 
Coal Research 


Two Scholarships 


weathering characteristics 


+ 


for a Masters or Ph.D. degree. 


progress, and 
Ph.D. candidates. 


Apply to Assoc. 


University of Newcastle 2308, Australia by June 30, 1979, 


COURSES and CONFERENCES 


ENDOCRINOLOGY ’79 


JULY 16 to 19, 1979 


Organised by the Endocrine Unit at the R.P.M.S. and 
held at the Royal College of Physicians in London 


PROVISIONAL PROGRAMME 


seccmeninanereritt nantes care FETA TANNA BSsOr ETE NNN 


CALL FOR ABSTRACTS 
BIOPHYSICAL DISCUSSIONS 
Second Discussion—May 1980 

PROTEINS AND 
NUCLEOPROTEINS: 
STRUCTURE, DYNAMICS 
AND ASSEMBLY 


The Biophysical Society will hoid its 
Ind Biophysical Discussion at Airlie 
House, Airlie, Virginia (near Washing- 
ton, D.C.) on May 18-21, 1980. This 
Discussion will consider recent ad- 
vances in understanding the principles 
of macromolecular structure an 
dynamics. Sessions will be devoted to: 
elucidation of structure by diffraction 
and spectroscopic methods, nature of 


forces stabilizing macromolecular 
structure; fluctuations in macromole- 
cular structures; and mechanisms of 
folding and assembly. Experimental 
systems to be discussed include 
proteins, viruses, and organelles in- 
volving protein-nucleic acid inter- 
actions. 


Prior to the meeting, all participants 
will receive a study book containing 
the full Discussion papers and poster 
abstracts. There will be no formal] 
presentation of papers at the meeting, 
only a five-minute reminder followed 
by open discussion. A $175 fee will 
cover registration, three days’ room 
and board, the study book, and the 
final proceedings volume. 

Papers submitted for the Organizing 
Committee’s consideration are due as 
follows: 

July 16, 1979-—Preliminary abstracts 
(< 300 words, to be reviewed and 
selected by August Ist) 

December 1, 1979--Complete manu- 
scripts (to be refereed and selected 
by mid-January) 

The full edited proceedings of ca. 
500 pp, will be published in hardback 
by Rockefeller University Press ($20 
prepublication, $30 after October 
1980), Identical text wili be received 
by Biophysical Journal subscribers 
(1980 subscription, 12 issues, $150). 
For these publications, remit to Order 
Service, Rockefeller University Press, 


supplemented by about £500 per | P.O. Box 5108, New York, 

annum by the R.S.R.E. Applications 10249, USA. 

(with the names of two referees) or For further information contact 

enquiries to Dr. L G. Austin/Dr. Valerie Parsegian, Executive Secretary, 

T. M., Searle, Department of Physics, Biophysical Discussions, P.O. Box 

the University, Sheffield, 53 TRH. 30239, Bethesda, Maryland 20014, 

Telephone 78555 ext 4288 or 4289. USA. Phone (202) 362-8184. 

Quote ref: R308/G. (2032)F WIKC) 
sae Rad Chesed konce Southwark Street, 


S.E.1 1UN and J. W. Arrowsmith Ltd, Bristol. Printing: Web 


MONDAY, JULY 16: 


are available for 
of coal. 
honours degree in science or engineering and will be expected to register 
The scholarships carry a tax free living 
allowance of $A4,200 per annum. Dependents, 
allowances are subject to renewal each year in the light of satisfactory 
tenable for two years for Masters or three years for 


Professor W. A. Oates, Department of Metallurgy, 


postgraduate research on the 
Applicants should possess a good 


travelling and other 


2037(H) 





A. G. E. PEARSE: Peptides of the brain and gut, 


P. C. EMSON: Neurochemica! studies on several brain peptides; 


S. E. BLOOM: The endorphins; 
inter-relation of calcium-regulating hormones; 


IL MACINTYRE: 


T. J. MARTIN: Prostaglandin effects on bone and role in cancer 


hypercalcaemia,; 


TUESDAY, JULY 17: 


G. D. WHEDON: Metabolic and endocrine hormone studies in various 


manned space flights; 


W. A. PECK: The cellular basis of osteoporosis; 


H. W. BOYER: Advances in molecular biology: 


endocrinology; 
F. GAUTIER: 


implications for 


Characterisation of porcine parathyroid hormone 


mRNA, cDNA, and cDNA-pBR322 hybrid plasmids, 
H. M. KRONENBERG: Studies of cloned DNA coding for prepro- 


parathyroid hormone, 
R. A. HALLEWELL: 
hormone by E. coli K112; 


Studies 


of expression of human growth 


H. M. GOODMAN: The structure and evolution of several mammalian 


polypeptide hormone genes. 


WEDNESDAY, JULY 18: 
R. J. VANE; Prostacyclin; 


H. W. KOSTERLITZ: Enkephalins: receptors, biosynthesis and release, 


D HUDSON: An investigation of enkephalin-receptor 


interaction 


employing isosterically modified analogues, 


J. ALUMETS: Enkephalin in in 


trinsic nerves and endocrine cells of 


the gut and in two rectal carcinoids; 
A. DELL: Neuropeptides, high resolution purification procedures and 
their application to the study of new opiate peptides and opiate 


peptide precursors, 
M. AUSTEN: 
consecutive basic residues; 


T. M. BADGER: The effects o 


Pituitary granules contain a protease specific for 


f chronic treatment with LHRH and 


a LHRH agonist (D-Trop®-Pro®-NEt-LRF)* on the pituitary-gonadal 
regulation of LH and FSH secretion; 
P. BERND: Serotonin binding protein—localisation in parafollicular 


cells of the sheep thyroid; 


L. ORCI: Studies in peptide hormone secretion. 


THURSDAY, JULY 19: 
L. J. DEFTOS: Calcitonin, 
pathophysiology; 
C. NAGANT DE 


current 


aspects of physiology and 


DEUXCHAISNES: Studies in osteomalacia; 


A. W. NORMAN: Recent advances in Vitamin D metabolism; 


B. E. C. NORDIN: Role 


if Vitamin D and 


its metabolites in 


malabsorption of calcium in osteoporosis. 


A. Caniggia, V. $. Fang, 


M. C. Sheppard, F. G, 


Hawkins-Carranza, 


P. J. Meunier, R. Ziegler, M. F. Holick, O. H. Sorensen, J. A. Kanis, 


G. Mazzuoli, J. C. Ghazarian, 


J. H. Cort, C. Miet. 


Details: P. Lindsay, Endocrinology 79 
R.P.M.S., Du Cane Road 


LONDON W12 0HS 
Telephone: 01-743 2030, ext. 457 
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biological activity. 





We deliver performance: Every lot is tested to verify its 


We deliver quality: Highest specific activity, based on 


an exclusive mass determination procedure developed 


at NEN, 


We deliver more often: Numerous new lot dates have 
been added to our schedule. (See table below.) 


We deliver fast: Now European customers can have 
Monday delivery of Friday’s new lots. 





Request our new 32P nucleotides schedule. 

specific Activity at New Lots Tested for 

shipment (Ci/mmob Prepared Biological Activity 
ATP [7 a AN 5500 2 weeks ` Polynucleotide kinase* 
ATP PEN l __ 1000-3000 | S&x/mo. Polynucieotide kinase 
dTTP [a-32P] 300 i _2 weeks “Nick” translation ** The labeling of 
dATP [a -32P] >300 weekly “Nick” translation as ee bas > 
dCTP ta -3201 re emonstrated to be 
dCTP [a-32P] __ 300 weekly Nick" translation >1x108 dpm/ug 
dGTP [a-32P] 300 2weeks “Nick” translation with each lot, 
dATP [a -32P] 71000 S 4 weeks “Nick” translation The labeling of 
dCTP [a -32P] ~1000 4 weeks “Nick” translation calf thymus DNA is 
TOTES CDN a demonstrated to be 
dGTP [a -34P] ~1000 o 4 weeks Žć “Nick” translation >3x108 dpm/ug 
dTTP [a-32P] ~1000 ____ 4 weeks i “Nick” translation with each lot. ee 
(Not for use in humans or clinical diagnosis.) | "Method of Maxam, A.M, and Gilbert, W. Proc, Natl Acad. Sci USA, 74, 560-564 4977). ~~ 


T Method of Rigby, PW, Dieckmann, M., Rhodes, C., and Berg. P.J Mol Biol. 113, 237-251 A977}, 





249 Albany Street, Boston, Mass. 02118 
Call toll-free: 800-225-1572 


J New England Nuclear 


(in Massachusetts and international 61 7-482-9595) 


NEN Chemicals GmbH: D-56072 Dreieich, W Germa 
Postfach 401240, Telephone (06103) 85034, Telex 4- 
NEN Canada Ltd., 2453 46th Avenue, Lachine, Que 
Telephone 514-636-4971, Telex 05-821808 


He! 
17993 NEN D 
H8T 3C9. 


Circle No. 02 on Reader Enquiry Card - 








Using the latest technology to provide eye-catching 
design, solid-state heating for the horizontal analy- 
tical column and a high temperature reaction coll 
for fast colour development, the LKB 4400 Amino 
Acid Analyser is capable of performing fast analyses 
on small sample volumes at the picomole level. 
Indeed a complete.protein hydrolysate analysis, 
including regeneration and equilibration is carried 
out in only 65 minutes. Physiological fluid analysis 
takes less than 442 hours. 


Circle No. 03 on Reader Enquiry Card. 


With its built-in 70 sample autoloadet and optional 
data handling accessory, the 4400 Analyser can 
fully automate you! chromatographic separation. 


For further details contact: 


Dept BM, LKB Biochrom Ltd 
Cambridge Science Park 
Milton Road 

Cambridge 


U.K. 
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The new Barbican Centre is much more than one of the 
most modern conference centres in one of the world’s most 
historic cities. Its an Arts Centre, too: 

For example, the Royal Shakespeare Company will have its 
new permanent home in the Barbican. So will the London 
symphony Orchestra. And the Guildhall School of Music 
and Drama. There will be a new Art Gallery -one of the 


companies — they're all within easy reach. And history is 
everywhere. The Tower of Landon. St. Pauls Cathedral. 
Guildhall. The Monument. The whole atmosphere of the City 
reflects a long and glorious history. But to get back to 
conference facilities. If you look at the captions below you'll 
find most of the details you need. But for fuller details, just 
contact our Conference Director. He'll be glad to help. With 


biggest in London. Culture in plenty PN completion in 1980, we're already taking bookings 
And as for commerce, all the great City of London ( Saou for 1981 and onwards. The Barbican Centre, 


institutions such as the Bank of England, the í gy \ 1l Cromwell Tower, The Barbican, London 
Stock Exchange, the money markets, insurance l f zg A) EC2Y 8DD England. Telephone: 01-638 4141. 


London’s new Barbican Centre- 
surrounded by centuries of history, 
commerce and culture. 





Son 


The Barbican 
Conference Hall 
comfortably seats 
2,000 delegates. 


A variety of lecture 
theatres, seminar and 
committee rooms to 
take anything from 

5 to 275 delegates. 


A display and 
exhibition area with a 
total of 88,000 square 
feet (6.100 square 
metres) 


Circle No. 01 on Reader Enquiry Card. 


The Film Theatre 

~ with all the most 
up-to-date audio 
visual equipment 

~ seats 300 people, 





Allin all the Barbican 
Centre is flexible 
enough to house any 
kind of conference you 
wish to plan, 

Try itand see. 


The Bartican 
Theatre seats L150 
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Cover picture 


Top, High-resolution 11.5-~m image 
of thermal emission from cloud tops 
near Venus’ north pole, from Pioneer 
Venus Orbiter on 15 Dec 1978, The 
bright (warm) region is a clearing in 
the clouds and the dark regions 
represent. a high circumpolar cloud 
band. Bottom, Intensity-sliced, false- 
colour version of the image showing 
temperature values. See page 613. 
Other papers on Venus are on pages 
614, 616 and 618. 
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Which researcher will get the grant? 





NEWS AND VIEWS 
Clouds o Venus/Neoplasias and B-cell precursors/ Hepatitis A/ 
Vacancies in nickel-aluminium alloys/Interferons and inducers in vivoj 
Flattening of Uranus and Neptune/More spots from electrophoresis/ 
Pattern formation in chick limb bud 





REVIEW ARTICLE — | : 
M. K. Gaillard i a 





Weak interactions 
ARTICLES 
Mid-Mesozoic closure of Permo-Triassic 
_ Tethys and its implications _A. M. Celâl Şengör 590 





4AM oneal rr rina peann HAMA, 


Ridge: proximal basement 


and distal African-Nile provenance l and M. M. Kholief 594 
Characterisation of deletions which affect the = EF. Fritsch, R. M. Lawn 









and T. Maniatis E 598 


expression of fetal globin genes in man 


Biosynthesis of the major human red cell 
sialoglycoprotein, M. Jokinen, C. G. Gahmberg | 
__Slycophorin A, in a continuous cell line and L. C. Andersson 604 


The three-dimensional structure — 
of tubulin protofilaments 


ANE AA AR RAR ALARA SO N AENA A Aaa naair aaan Aaa a 


arameu nevari aana mnanaa naman ninnau aianan akainua 


rrr ee ee EA AAAA AAN AAN P AAAA 


L. A. Amos and T. S. Baker 607 












Polar seating’ in the Venus clouds EW. Taylor, D.J. McCle eese o o 
observed from the Pioneer Orbiter and D. J. Diner 613 


many gneve INAMAANA sah ANIIS aAA NANOA AA parantaen acti talent remnareucemenscatnntttltortnretrerer weer nad LAE TAA aaa a aA AAAA AEA intr Nt PAAA e eaa a AAAA OTeT review 


W. W. L. Taylor, F. L. Scary 
C. T. Russell and L. H. Brace 
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J. B. Beckmann. D. O. Muhleman 
and G. L. Berge an: 
J. G. Greenhill, R. M. T] homas, 

M.L. Duldig, J. G. Jernigan, 
P. G. Murdin and R. F. Haynes i 


and the shape of Venus 
X-ray, optical and radio 
observations of A1710 —34 













On the detection of jovian 
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If you have a regular requirement 
for full quantitative cell information, 
it’s worth checking out the Barr & Stroud 
GNS Integrating Microdensitometer. 
With a scanning duration of only four 
seconds yet giving a 0.25 micron resolution, 
it brings speed and precision to cell preparation 
analysis. 

The use of highest quality Leitz optics ensures 
reliability of results for even the smallest specimens. 
For histochemical and cytochemical studies, accuracy 
is better than + 1% over an optical density range from 
less than 0.1 to greater than 2.5. 

Area measurement, electronic masking and 









narrowband illumination are just 
some of the other features which 
make this instrument a most 
attractive addition to your 

3 laboratory. 

The GN5 Integrating Microdensitometer yields 

results with a speed and at a level of accuracy that far 


_ outstrips the standards that can be achieved by manual 


methods of study. 

Designed in accordance with ergonomic principles, 
it’s comfortable to work with too. 

Start to reduce your laboratory workload by 
sending for full literature today. Use the journal reply 
system or, alternatively, contact us direct. 


Barr & Stroud 


adds to your resources 


Barr & Stroud Limited, Melrose House, 4-6 Savile Row, London WHLX LAF. Tel: 01-437 9652. Telex: 261877. 
A member of the Pilkington Group. 
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Guide to authors 


@ Review articles should be aimed 
at a relatively wide readership. | 
Many reviews are invited, but 
submitted articles may also be accepted ; 
it is advisable to consult us before 
writing a review article. 

@ Articles may be up to 3,000 words 
long with at most six displayed items 
(figures and tables); they are reports of 
major research developments. 

@ Letters are brief reports of original 
research of unusual and wide interest, 
not in general longer than 1,000 words; 
they have at most three or four 
displayed items. 

@ ‘Matters Arising’ permits short 
discussion (up to 300 words) of papers 
that have recently appeared in Nature. 


Articles should be accompanied by an 
abstract of not more than fifty words. 
Letters should begin with a paragraph 
giving the background and main 
conclusions in terms intelligible to as 
wide a readership as possible. 

Manuscripts may be submitted either 
to London or New York. Three 
typed copies should be submitted, each 
including lettered copies of figures. 
Typing (including references) should be 
double spaced. The title should be 
brief and informative. Pages should 
be numbered. References, tables. and 
figure legends should start on separate 
pages. Experimental detail vital to the 
paper yet which would interrupt the 
narrative is best placed in the figure 
legends. Units should conform to the 
Systéme International. Greek 

characters should be identified in the 
Hpk on their first appearance. 
Equations should occupy single lines 
if possible; exp (a) is preferred to e* if ‘a’ 
is more than one character. 

References are indicated by 
superscripts in the text. See any 
contemporary Nature for style, but note: 

(i) only one reference number need be 
used if the reference is to several papers 
by identical authors. 

(ii) first and last pages of references 
should be cited. 

Abbreviations should follow the 
World List of Scientific Periodicals, 
fourth edn (Butterworth, 1963-65). 
Symposia are often difficult to refer to 
and only published or soon-to-be- 

ublished volumes should be mentioned 
in references. Their publisher and place 
of publication should be clearly indicated. 
‘Personal communication’ and ‘unpub- 
lished’ should be incorporated in text. | 

Artwork should be sent with the 
manuscript and clearly marked with 
author’s name and the figure number. 
Line drawings should be either 
photographic prints or in Indian ink on 
heavy cartridge paper, tracing paper or 
similar materials. Most figures are : 
reduced to one column width so otiajadie 
should be about as wide as.a page of 


Nature. To enable figures, particularly ‘| 


maps, to be edited in the same style as the 
text, they should contain only essential 
material. Ideally, an unaltered original 
and three lettered copies should be 
provided ; labelling on half-tones should, 
if possible, be avoided entirely. 
Magnifications quoted shoul be for 
the figures as submitted. We are always 
glad to see artwork for possible use on the 
cover, but cannot guarantee its return. 
In order to save on postal expenses we 
return only the top copy and artwork of 
manuscripts that we cannot publish. 
Nature's publishing policy is outlined 
in 258,1 (1975) and 264, v, 11 Nov. (1976). 
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Cutting laser technolosy 


down to size 


The world’s first diode laser optical recording 
system, developed by Philips, is remarkable, not only 
for what it can do, but also for how it does it. 

For in order to record and/or retrieve 10" bits of 
information on a pre-grooved, double-sided, 12-inch 
disk, a breakthrough in state-of-the-art optical 
recording technology was required. Which is precise- 
ly what we achieved. 





The optical read/write head shown here is a 
miracle of micro-precision engineering. Employing 
an AlGaAs (Aluminium Gallium Arsenide) diode 
laser and associated semiconductor modulator, it 
produces sufficient pulsed light output to write, or 
‘burn’, 1-/m data pits into the disk’s tellurium-based 
recording film. A 40-gram optical system, as well as 
electro-optics for tracking and focusing are also 





PHILIPS 





contained within the ultra-compact head. 

Light output from the laser is split by the optical 
system into two beams: 90 percent intensity for re- 
cording and 10 percent for reading. The read beam 
passes two mirrors and a beam splitter that are ar- 
ranged to recombine the record and read beams at the 
objective, which focuses onto the information layer in 
the disk with an accuracy of 1-m. 





CERN, the Geneva-based European 
Organisation for Nuclear Research, is to 
install four 500kW, 200MHz power ampli- 
fiers for their Super Proton Synchrotron, 
which is currently operating at a level of 
400GeV. The new power amplifiers will 
provide additional RF power to double the 
Synchrotron’s present capacity to facilitate 
experiments in high energy physics. Each 
of the four amplifiers employs 17 air-cooled 
coaxial power tetrode tubes of metal 
ceramic construction; power output per 
tube being approximately 37.5kW. 

The contract, awarded to Philips, calls for 
the supply and installation of the ampli- 
fiers as well as supply of spare tubes for a 


Or telephone: 
period of ten years. 


Fibre optics transmission. Trials on a 
long haul fibre optics telephone trans- 
mission route, covering a distance of 
ninety-six kilometres, has been success- 
fully completed at the Philips laboratories 
in the Netherlands. Essentially, the route 
comprises a 19mm diameter cable contain- 
ing six 0.1mm fibres with a regeneration 
stage every eight kilometres. 


And to complement the precision and compact- 
ness of the optical read/ write head, equally ingenious 
radial tracking and error-detection correction systems 
had to be developed. 

Diode laser optical recording is one example of 
Philips’ ability to translate advanced technology into 
practical innovation. Here are some others. 





Tokyo Institute of Technology has 
installed a Philips PW1100 computer- 
controlled Single-Crystal Diffractometer 
to assist in structure analysis of inorganic 
materials. One of Japan’s leading univer- 
sities, the Tokyo Institute of Technology, 
is noted for its academic research into the 
field of inorganic materials. And the new 
installation will be used by crystallo- 
graphers from all over the country. 


Write for more information to: 
Philips Industries, C.M.S.D.-TQ III-4, 
Room 53, Eindhoven, Holland. 


Athens 9215311, Brussels 2191 800, 


Eindhoven 793333, Hambury 28 12348, 
Helsinki 17271. Lisbon 683121. 


London 836 4360, Madrid 40 42 200, 
Milan 6994 371, Oslo 4638 90, 
Stockholm 635000, Vienna 62914] 
ext. 471. Zurich 43 221] 


Or telex: 


91121-PHTC-NL/CMSD-Advertisiny, 


Eindhoven, Holland 


PHILIPS 





Philips working on advanced technology 
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[eee A hot new tracer for 
SCOUT Vitamin D, studies 
24,25-Dihydroxy[23,24(n)-*H]cholecalciferol TRK616 50-80Ci/mmol 
(Current batch 
80 Ci/mmol) 


An important addition to the best range 
of Vitamin D; tracers available: 


la,25-Dihydroxy[23,24(n)-4H]cholecalciferol TRK588 70-110 Ci/mmol 





25-Hydroxy[23,24(n)—2H]cholecaiciferol TRK.558 70-110 Ci/mmol 
25-Hydroxy[26(27)-methy/-sH]cholecalciferol TRK396 5-15 Ci/mmol 
(la,2a(n)~3H] Vitamin Ds TRK346 5-15 Ci/mmol 


Also available _ 

[4—~"ClVitamin D; CFA.455 25-35 mCi/mmol 
MNAn aaae anaana aran aana naa anaa 
Please enquire for further details - 





5 i$ : * : + 
The Radiochemical Centr (z Full information is available on request 
the Radiochemical Centre Limited, Amersham, England, Telephone: 024-04-4444 
Amer sham WW. Germany: Amersham Buchler GmbH & Co KG, Braunschweig. Telephone: 05307-469} 
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ELVA KONTRON 
ETAN Automatic Gamma Counter MR 480 





THE THINKING GAMMA COUNTER! 


@ Programme with Infrared 
Telecommander 


© The ultimate in RIA data reduction 


@ Fast, flexible and reliable sample 
changer 


@ The latest result of Swiss Technology 


Kontron — The better solution people 


Ask for further information — call your 
nearest KONTRON office 








KONTRON LTD. AUS Sidney (938) 3433 Fo 6 Vélizy/Paris (01)9469722 N Oslo (2) 170390 
Analytic international A Vienna  (0222)945646 D  Eching-Munich (08165) 77-1 E Madrid (07) 7348312 
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z = Se Bernerstr. Sud 169 B Brussels (02)4274255 GB StAlbans {(0727)33221 S$ Taeby (08) 7567330 
5 -a AN CH-8048 Zurich BR Sao Paulo (071) 2827289 | Milan (02) 2152741 CH Zurich (07) 629262 
Mea © ot 62.92 62 DK Ballerup (02) 651666 NL Maarssen (03465) 60894 (phone numbers) 
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Not the percentage but the cash 


How much should a nation spend on research and 
development? Advanced industrial countries generally 
devote between one and two per cent of their gross 
domestic product to R & D; usually somewhat more than 
half of the figure will come from government sources, 
the rest from private investment. Recent OECD figures 
(OECD Observer No. 97) show that Britain, devoting 
2.1% of its GDP to R&D, still seems satisfyingly com- 
mitted to scie:ce and technology. The reality is somewhat 
different. 

Britain’s GDP is (on a. per capita basis) little more than 
half that of many other industrial nations. So if we ask 
how much money per capita is spent on R & D, Britain’s 
position looks decidedly less distinguished. Whilst the US 
spends $200 per capita annually, Germany $176, Sweden 
$171, the Netherlands $146, France $130 and Japan $103, 
Britain only manages $92. Comparisons look even less 
happy when an allowance is made for defence R&D in 
which the United Kingdom is a heavier spender than almost 
any other nation. The conclusion has to be that in civil 


More on your fuel bill 


THE winter in Britain is now over. Any further freak 
snow-storms, freezes, high winds and flooding should be 
attributed to next winter; this past winter, by general 
consensus a miserable one, cannot be blamed indefinitely. 
There is one final reckoning, however: the last quarter’s 
gas and electricity bills sitting unwanted on doormats 
around the country. 

These bills, everyone must know, are produced by 
computer. How else would we have a line reading ‘VAT 
at 0% on £72.18=£0.00’-—or a 52 digit code number 


sternly marked ‘for machine use only’? But what is 


surprising is not what the computer does to embellish 
these straightforward demands for money-—it ts what it 
leaves out. | 

Every organisation devoted to the selling of energy is 
at least nominally also interested: in conserving the stuff. 
Conservation, however, is not just a question of double- 
glazing and thick sweaters: it is, or at least it should be, 
yet another part of that monster of the t970s—-the 
information industry. 

The most valuable piece of étiformation. that any energy 
consumer can have at present is h nservation 
measures have cut down fuel bills. Did recently installed 
insulation in the attic have any perceptible ` effect on the 





R&D expenditure the UK is quietly losing touch with 
the rest of the industrialised world; not through any 
visible lack of enthusiasm for science and technology but 
simply through lack of resources. 

Talks of cuts in public expenditure are very much in 
the air at present as a new Conservative government tries 
to live up to its election pledge of tax reductions. On the 
other hand, the Advisory Board for the Research Councils 
recently made a strong plea for 4% real growth in science 
expenditure in the coming years. The many government. 
departments with significant commitment to R&D will 
find it easiest to go for a middle. path—no real growth. 
But in another ten years our relative scientific position 
will then be much worse and scientists will be taking every 
opportunity to emigrate. 

There is no guarantee that a stronger commitment to 
science and technology will boost the economy-—but there 
hardly seems any doubt that support which is relatively 
weaker on an international basis will do permanent harm 
to the nation. Ci 


use of fuel? If so, that little bit of information, passed 
round from person to person, is a much greater incentive 
to others to invest in conservation measures than is any 
advertisement proclaiming the merits of insulation. If on 
the other hand fuel is not conserved thereby, then the 
consumer should equally be alerted that all is not well. 
Presumably within the computers of the utilities there 
is information on each consumer’s energy usage over a 
period of many years. This by itself would not be adequate 
to allow for weather fluctuations. But someone, somewhere 
must be collecting rudimentary data on how cold it is— 
such as the simple but valuable ‘degree-days’ measure 


widely publicised in the United States. It is surely not E 
beyond the wit of the energy utilities to provide a line on = 


each bill giving, say, the number of units consumed per. < 
degree-day for the quarter in question—and corresponding a 
figures for the past five years. m8 

No doubt there can be endless discussion about the 
merits of various units, the possibility that consumers will 
misinterpret the figures, the fraction of fuel that is used 
for heating and so on. But anything would be better than 





today’s total lack of information. And there is room: on a 
the bill--that line about 0x £72. 18=0 could go Lad are 





start. 
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Problems with the shuttle cause concern for 
US space science programmes 


David Dickson reports from Washington 


TECHNICAL problems and the related 
cost over-runs of the National Aero- 
nautics and Space Administration’s 
space shuttle programme are raising 
serious concerns about the possible im- 
pact on planned space science missions. 
So far, no major changes in these 
missions have been necessary. But with 
performance margins being squeezed 
increasingly tightly, contingency plans 
are already being drawn up for two 
planetary missions that depend on space 
shuttle launches—one to send a pair of 
space vehicles to Jupiter, and the other 
to send two vehicles to the Sun—in 
case any further difficulties arise. 

Equally important in the medium 
term is the effect the current shuttle 
problems could have on new space 
science programmes. At present Con- 
gress seems prepared to accept that the 
military need for the shuttle is suffi- 
cient to justify paying the increased 
costs recently announced by NASA; 
but whether it is also prepared to sup- 
port new science programmes remains 
uncertain. 

Senator Adlai Stevenson Jr., chair- 
man of the Senate subcommittee on 
science and space, warned at a hearing 
of the subcommittee last week that the 
shuttle problems could require an 
extra $500 million a year from the US 
taxpayer to maintain a civil space 
programme. “And that may prove to 
be too high a price to pay,” he said. 

The most direct manifestation of the 
shuttle’s problems have been the delays 
caused by problems in engine testing 
and, more recently, in fixing the heat- 
protective tiles to the outer skin of the 
orbiter. NASA officials now admit that 
the shuttle is unlikely to be airborne 
before next spring, perhaps even as 
late as the summer: and Dr Robert 
Frosch, NASA administrator, told the 
Senate subcommittee that total cost 
overruns for the design, development, 
test and evaluation part of the pro- 
gramme were now expected to be about 
15% —or roughly $1 billion in current 
dollar values—compared to a 7% 
estimate last year. 

The engine problems, however, have 
also had effects on the programme. 
For example the reduced performance 
estimates for early shuttle launches 
have led to errosion of engineering and 
weight margins in space science pay- 
load design. One programme to have 
been affected by this is Project Galileo, 
a twin probe and orbiter due to be 
launched from the shuttle in 1982, the 
former to provide the first direct 
samplings of the planet’s atmosphere, 
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the latter to transmit data from an 
elliptical orbit through all regions 
around the planet, including at least 
11 near encounters with its surface. 
The complexities of the manouevring 
required of the two vehicles on reach- 


ing the planet have resulted in a 
slightly heavier design than first 
anticipated. Initial fears that this 


might require discarding some of the 
scientific experiments have now been 
circumvented; but the extra weight 
together with the reduced performance 
expected of the early space shuttle 
flights, have required significant design 
changes in the so-called Interim Upper 
Stage (IUS) which will launch the 
Galileo vehicles from the shuttle. 

At present, assuming that the IUS 
development goes as planned, per- 
formance margins appear to be ac- 
ceptable. “We seem to have got the 
weight problem under control, and 
the project itself looks in pretty good 
shape at the moment,” project 
scientist Dr Torrence V. Johnson of 


the Jet Propulsion Laboratory in 
California said last week. 
Any further problems, however, 


either in the IUS development or in 
the shuttle test schedule would be a 
serious matter. At present Galileo, 
which will be among the first opera- 
tional shuttle launches, is planned for 
early 1982, to reach Jupiter in the 
middle of 1985. On this schedule the 
spacecraft would fly close to Mars, 
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using that planet’s gravitational pull 
to help it on its way. 

A major delay in the shuttle pro- 
gramme, however, pushing the Galileo 
launch into 1983, would mean that 
the gravitational pull of Mars could 
not be used. Extra fuel would then be 
required to get the spacecraft to 
Jupiter, and some of the scientific 
projects would be dropped to com- 
pensate for the extra weight. 

Various contingency plans are 
already being studied by NASA. One 
possibility might be to split the mission 
into two halves, sending the orbiter 
and the probe separately, perhaps a 
year apart; but this would involve con- 
siderable extra cost, and a major 
redesign. 

Another project similarly affected 
by weight considerations is the inter- 
national solar polar mission (ISPM). 
This is a joint project between NASA 
and the European Space Agency, due 
for launch at the beginning of 1983, 
which will involve sending two space- 
craft simultaneously past Jupiter and 
into opposing orbits over the poles of 
the sun. Some of the potential weight 
problems for this mission have been 
compensated for by changing the 
trajectory of the launch from the 
shuttle. But the margins are now very 
tight (technically the ISPM is now 70 
pounds—or 5% overweight, compared 
to 146 pounds for Galileo); and any 
problems with the IUS could have 
severe consequences, 

As a contingency plan, NASA has 





Space shuttle: setbacks are keeping other projects firmly on the ground 
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suggested that the two vehicles might: 
be launched separately, possibly up to 


a year apart. But ESA scientists are 
not very happy with this suggestion, 
pointing out that a simultaneous 
launch is one of the attractions of the 
mission, 

Weight problems are also causing 
concern to planners for 


to take place in August 1981, a date 
that ESA officials are confident can 


be met even with considerable slippage. 


in the shuttle test programme. 
However as things stand at present, 


the shuttle may not be ready to provide 
enough thrust by this stage to launch. 


the full Spacelab payload. The current 
shortage is about 1,300 pounds out 
of a total weight of about 65,000 
pounds; and it could mean that some 
of the experiments already lined up 
for the first Spacelab flight may have 


to be dropped. (One encouraging piece 


of news to ESA officials is that the US 
Air Force appears to be planning to 
use Spacelab for some of its own 
manned space-flight missions.) 

The space shuttle problems are al- 
ready affecting other areas of NASA’s 
activity. Scientists involved 


if it had not been for these problems, 
they might have had access to some 


extra money this summer for additional 


experiments. 

The greatest uncertainty at present, 
however, is over what the political 
effects of the shuttle’s problems will 
be on “support for future projects. 
NASA, with the support of both the 
Office of Science and Technology 
Policy and the Office of Management 
and Budget, is adamant that none of 
the existing programmes should be 





cut to provide the additional funds- 


needed by the shuttle. 
Dr Frosch told the Senate sub- 
committee that cancelling the Galileo 


project--at one time discussed as a 


distinct possibility--would only save 
$83 million in 1980, considerably less 
than the extra money needed by the 
shuttle; nor would much be gained by 
taking money from the space tele- 


scope. “We do not consider either of’ 
these reasonable ways of getting extra 


funds,” he said. 


But the concern is that Congress, 


having provided NASA with the extra 
shuttle costs largely on the grounds 
that the success of the programme is 


required for US Defense © plans—in. 
particular. for launching surveillance. 
satellites, will be reluctant to comple-_ 
ment this with support for new space 


science missions, 
The situation 
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the first 
Spacelab flight. This is still scheduled 


Harvard College Observatory, 


‘the situation, 
in the 
Voyager mission, for example, feel that- 





shuttle. (Among projects which NASA 
had submitted to OMB were plans for 
a shuttle-launched gamma-ray ob- 
servatory, an orbiting imaging radar to 
Venus, and a mission to the comets 
Halley and Enke.) 

“The real question is going to be 
what the 1981 budget contains. A 
second year with no new starts could 
really put the science programmes in 
jeopardy; if the nation wants a 
vigorous Space science programme, 
then you have to start something 
new,” Professor A. Cameron of 
chair- 
man of the National Academy of 
Science’s space science board, said 
last week. 

Of course, if there are no new 
starts in the 1981 budget request the 
fault will not lie entirely with space 
shuttle; equally important may well 
turn out to be President Carter's 
desire to greet an election year with 
an attempt at a balanced budget. 

But the additional funding which 
NASA iş currently seeking from 
Congress for 1980 ($225 million above 
its original request), has not improved 
“We are still hopeful 
that our project will be funded, but 
we are not as optimistic as we were a 
month ago,” says one of the scientists 
involved with the gamma-ray tele- 
scope, currently top of the NASA’s 
space astronomy and astrophysics 
board’s priority list for future projects. 

The dangers in the current situation 
have not been lost to Senator Steven- 
son who, with fellow committee 
member and ex-astronaut Harrison 
(Jack) Schmitt, has been urging a 
more aggressive space programme on 
the administration for some time. 

“The problem with the shuttle pro- 
gramme now seems to have been a 
serious underfunding in the early 
stages, something of which up to six 
weeks ago the Congress had been un- 
aware. And now it has all come home 
to roost with a 15% cost over-run,” 


‘Mr Stevenson said at the subcommittee 


hearing last week. 

“The biggest cost may effectively be 
the end of the civilian space pro- 
gramme, since the real risk is that the 


price of the shuttle’s difficulties will 
be taken out of the civilian side of 
our space efforts. And with the country 


in its present mood, this could well 
happen.” 

Not all observers are quite so 
pessimistic. But the problems raised 


for future space science funding are 
already being taken seriously, not only 
‘by NASA but also by both OSTP and 
| l - OMB. And they* will provide an un- 
u is already bleak. welc 3 
following the decision of the Carter 
administration not to request any new 
starts for the fiscal year 1980 partly: 
to ensure adequate support for space 


welcome house-warming present to 
greet NASA’s new associate ad- 
cministrator for space science, Dr 


Thomas Mutch, when he takes up his 


appointment next month. L 


567 
California plans 
to build world’s 
largest telescope 


Tue University of California is in the 
midst of preparing preliminary designs 
for a 10-metre diameter optical tele- 
scope that planners hope will be operat- 
ing in the mid-1980s. Two designs are 
being considered, each a radical 
departure from conventional optical 
telescopes, which would be prohibi- 
tively expensive to scale up to this 
size. 

The proposed telescope would be by 
far the largest in the world, with a 
mirror twice the diameter of the Hale 
telescope on Mount Palomar. (Nomi- 
nally the largest telescope in the world 
is now the 6m at Zelenchukskaya 
Astrophysical Observatory in the 
Soviet Union, but western astronomers 
generally comment that it has not yet 
been proved reliable.) 

Jerry Nelson, of Lawrence Berkeley 
Laboratory and chairman of the tech- 
nical design committee for the- pro- 
posed telescope told a meeting of 
Californian science writers last month 
that it would be designed to produce 
images smaller than 0.5 arc seconds 
and that, for good infrared observa- 
tions, it would have to be built at a 
site with low atmospheric moisture. 

Historically, the costs of optical 
telescopes with thick, monolithic glass 
mirrors have risen roughly as the cube 
of the diameter. This means that a 
conventionally designed 10-metre 
instrument would cost around $200 
million—a figure Nelson says is “out 
of the question”. On the other hand, 
the design committee has already 
rejected such alternatives as the use of 
independently focused multiple mir- 
rors, like the recently opened tele- 
scope at Mount Hopkins (Nature, 
3 May, page 9). Such multiple mirror 
devices may provide an economical 
alternative for studying point sources, 
but the new University of California 
telescope must have angular field wide 
enough to encompass an extended 
image like a galaxy with associated 
star clusters. 

Nelson’s design committee has thus 
narrowed the acceptable options down 
to two: a single mirror much thinner 
than those used previously, or a seg- 
mented mirror with focusing character- 
istics approximating those of the 
monolithic design. In either case the 
anticipated principal focal length would 
be between 15 and 20 metres, which 
would facilitate a relatively small con- 
tainment structure. Traditionally half 
the expense of building a new observa- | 
tory has gone into the telescope and — 
half into the surrounding structure, so- 
every effort is being taken to minimise 
the overall size. 
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The instrument will also be made 
more compact by the use of an altazi- 
muth mount. Most large telescopes 
have been mounted with their axis of 
rotation parallel to that of the Earth, 
so that only one sweeping movement 
is required to track an object across 
the sky, but this so-called equatorial 
mount is relatively bulky. The advent 
of computer control has now removed 
the obstacles that once prevented use 
of the smaller but more complex 
altazimuth mount, which requires co- 
ordinated rotation about both the 
vertical and horizontal axes. 

For either the thin continuous mir- 
ror or the segmented mirror, the 
question of how to evenly distribute 
the weight of the glass raises a host 
of unsolved problems. In either case 
‘active optics’ will be required—that 
is, the stress on various support points 
must change continuously to prevent 
deformation of the glass when the 
mirror is tilted. The thin monolithic 
mirror would require some 100 to 200 
support points, the majority of which 
must be active. On the other design, 
each segment of the composite mirror 


would require 12 sensors and 3 actu-` 


ators to change its tilt and focus. On 
this point, at least, Nelson seems con- 
fident. “We think control is no prob- 
lem,” he says. A simple actuator 
device for segments of the composite 
mirror has already been tested and 
shown to be many times more precise 
than required, and the overall control 
scheme has been successfully modelled 
on a computer. 

Preparing the glass, however, is 
another matter. A leading glass com- 
pany has agreed to prepare the mono- 
lithic blank if that design is finally 
chosen, but many problems would 
remain in caring for the world’s largest 
piece of fragile glassware. Among 
other things, the whole mirror, plan- 
ned to be only 15 centimetres thick, 


Sussex students 


Protest escalated last week at the 
campus of Sussex University against a 
compulsory first-year preliminary 
science examination. Two students, 
Richard Flint, president of the student 
union and Shaun Fensom, an engineer- 
ing student, were “excluded per- 
manently” from campus by vice- 
Chancellor Sir Denys Wilkinson for 
their “leadership” of a student-union- 
mandated disruption of a resitting of 
the contested examination. 

An emergency Senate meeting has 
been called for 13 June when the Vice- 
Chancellor will explain his action to 
the faculty. 

Half the university’s 4,000 students 
attended * an emergency meeting on 
5 June. They rejected a call for an 
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Possible segmented design for 10m mirror 


would have to be enclosed in a 
vacuum tank each year for re- 
aluminizing. The segmented mirror 
also under consideration would require 
nine basic segment shapes to produce 
an overall parabolic curvature. The 
polishing might be done by computer 
control on segments already prepared 
for mounting, or possibly by a 
cheaper method—which Nelson calls 
“extremely promising’—in which the 
pre-stressed segments are polished 
spherically then released to snap back 
into the shape of an off-axis parabola. 
The ten centimetre thick segments 
would be hexagonal, 0.7 metres on a 
side, and mounted in three rings around 
a larger central mirror. The com- 
pleted composite mirror would contain 
54 segments. 

The final cost should be in the 
range of $20-50 million, of which the 
university hopes to raise at least half 
initially and then try to obtain match- 
ing federal funds. If construction can 
begin by 1981 the new telescope might 
be completed by 1986. 

To avoid as much water vapour as 
possible, three relatively arid mountains 
have been proposed as possible sites. 
Mauna Kea, a 14,000 foot volcano in 


step up science exam prot 


immediate occupation of university 
buildings, but voted to canvass univer- 
sity and staff to protest. against the ex- 
pulsion and seek support from campus 
trade unions, They also decided on a 
series of one-day strikes the first of 
which was held last Friday with mass 
picketing at university entrances. The 
vice-chancellor was turned away. 
Students estimated that attendance was 
reduced to 10%-20% of normal but 
administration officials claimed that the 
action had not achieved its aim of 
stopping all classes, , ` 2% 

The protest is taking a form not 
familiar since the 1960s. The original 
campaign began two years ago when 
the student union voted for direct 
student action to end a compulsory 
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Hawaii, would be the most accessible 
since the roads already lead to existing 
observatories on its peak. White Moun- 
tain in California, also 14,000 feet high, 
would be closer to the university’s 
campuses, but the summit is almost 
unreachable by land vehicle: Junipero 
Serra Mountain is close to the UC 
Santa Cruz campus, which has a par- 
ticularly active astronomy department, 
but with a height of only 6,000 feet it 
is by far the most moist of the three 
locations. Wherever the new observ- 
atory is built, the planners have already 
resigned themselves to building a 
structure sturdy enough to allow obser- 
vations in the midst of 50 mph winds. 

Nelson and others involved in the 
project sound optimistic about being 
able to build their proposed observ- 
atory, despite its high cost and. neces- 
sarily radical design. They point out 
four broad classes of observation that 
would be facilitated by the proposed 
instrument: 


@ With direct optical imaging, a 10- 
metre telescope would permit better 
study of distant galaxies and a further 
attack on the problem of whether the 
universe will expand for ever or 
eventually collapse. 


© Direct infrared. observations would 
be used to study protostars and the 
structure of the galactic centre— 
perhaps resolving the question of 
whether it contains a massive black 
hole. 


© Optical spectroscopy using the new 
instrument would allow astronomers to 
study globular clusters around other 
galaxies and investigate. why quasars 
have absorption lines. 





® Finally, infrared spectroscopy could 
be used to determine the abundances 
of various molecules in stars, and to 
study the emission spectra of quasars. 

a John Douglas 


St 

first-year examination in science sub- 
jects, The science. division is the only 
one at Sussex with such a require- 
ment. Arguing that the exam distorted 
teaching practices and served no use- 
ful assessment purpose, the union 
called for a boycott. In the first year 
the boycott was 65% effective. 

In the meantime. a nine-member 
faculty working party was set up to 
consider the. students’ demand. It 
rejected the students’ proposal that the 
exam be made optional, citing a need 
for “rigorous training in discipline”, 
“an ability to marshal facts under 
pressure and to meet deadlines” and 
the “necessity for an objective means 
to monitor progress” as reasons for its 
decision, The working party specifically 
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rejected the students for 
tutorial assessment. 

Students. maintained their position, 
arguing that skill at examinations is 
unrelated to the skills it takes to be 
a competent scientist and that gearing 
the course towards quantitative 
assessment actually reduced learning. 
in January, a second boycott. was 
called, with the addition that any 


request 


resitting of the exam that included 
boycotters would be disrupted. 

The second boycott was far less 
successful with only 10% of the 
students failing to attend, Nevertheless 
the university rescheduled the exam 
to include students who had parti- 
cipated in the boycott. The exam was 
disrupted by 25 students who occupied 
the room. A second resitting was re- 
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scheduled, this time with faculty, 
police and photographers in attend- 
ance, but the students banged on tin 
cans and drums outside the exam- 
ination room. 

On 1 June, the two students were 
summoned to the  vice-chancellor’s 
office and expelled for their part in the 
disturbances. 

Joe Schwartz 


Soviets get their fun from learning about science 


SOVIET society is in many ways sur- 
prisingly Victorian—~a trend shown in 
the great popularity of the scientific 
lecture as a form of cultural enter- 
tainment. The organisation of such 
lectures is the task of the Znanie 
(Knowledge) Society, founded in 1947, 
which, in Soviet society, plays roughly 
the role of the British Association for 
the Advancement of Science, the 
Royal Institution, and the Worker’s 
Educational Association in the United 
Kingdom. 

< Recently, two notable representatives 
of Znanie; Nobel Laureate Acade- 
mician Basov and Dr _ Vladislavev, 
toured the UK as part of the “Days 
of Soviet. Science and Technology” 
organised’ in connection with the 
Soviet Exhibition at Earls Court. A 
delegation of 11 scientists and some 
10 support personnel took part in the 
“Days”. The host was the British As- 
sociation—although, by some failure 
in communication, they were not 
aware until the delegation arrived of 
the great significance which Soviet 
science publicity puts on the organisa- 
tion. of such “Days”. Nevertheless. 
one outcome of the visit was agree- 
ment to exchange lecturers between 
Znanie and the 
-although it seems unlikely that the 
Soviet public will have the direct 
benefit of words. of wisdom from the 
BA in the foreseeable future. 

For Znanie, although lauded in 


official: handbooks as being built on 
is a hierar- 


“democratic principles”, 
chical organisation. Although the 
society is supposed to organise lectures 
for any Soviet collective farm; 
factory or club that demands them, it 
would be g 
lecturers to be constantly commuting, 
say, between Moscow and Vladivostok. 
“What we do”, explained Viadislavlev 





“is to organise ‘lectures for lecturers’ ° 
Then the E 
lecturers we have trained can give 


in such. remote places. 


lectures at the local level”. 

If a top specialist is required, then 
the organisation requesting him must 
pay his fare. This suggests that the 
remote areas are somewhat 
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British Association | 


added, 
as if he was going to the cinema!” 


as Academician 
_ advances 


impractical for top-flight 


according to Vladislavlev, are those on 


_ mot the audiences, 
dis- 


advantaged——an idea which the visitors 
resolutely denied. As far as the Virgin 
Lands, and the far north of Siberia 
are concerned, they explained, there 
arë special funds—and for the rest, 
there are no problems. Local lecturers 
are well trained to do their job in 
popularising science. 

Lecturers, in fact, form the only 
‘members’ of Znanie (apart from ad- 
ministration personnel). The main 
privilege of membership is to give 
frequent lectures (usually gratis) to 
whatever audience demands your 
services, and to attend frequent 
seminars on the latest developments 
in your field and the newest methods 
of lecturing. “The main problem”, 
Viadislavley explained, “is to make 
lectures appropriate for different 
audiences. That is why it is obligatory, 
when you ask for a lecturer, to 
describe the intended audience.” 

Not all lectures are simply a cultural 
diversion. Znanie is also responsible 
for the “People’s Universities’, a fairly 
new feature of Soviet life. Courses are 
organised by plants and ministries to 
provide workers with the means of 
improving their professional qualifica- 
tions. 

Znanie itself is only concerned with 
the academic side-—-it is up to the 
factory commissioning its services to 
provide the facilities and to organise 
funding. Some 60% of Znanie funds, 
he . added, come from non-state 
sources-—factories, and trade unions. 


Of course, if a worker simply want to 


say, English Literature, he 
“then he pays for himself, just 


study, f 


To the Soviet mind, ‘science’ implies, 
Basov put it, “all 
in knowledge’. Thus the 
‘flow-diagram’ of Znanie’s work in- 
cludes ‘Houses of atheism’ in parallel 
with its planetaria. The most popular 
organised by the society, 
international affairs, 
medicine, 

Only the lecturers and organisers, 
are members of 
Znanie. If, say, some Ukrainian collec- 


followed by 


tive-farm wants to start a  ‘Bird- 
watchers’ club’, Znanie will provide 
lecturers and suggest reading matter, 
but the club cannot become an ds- 
sociate member of Znanie. Only high- 
level professional societies, such as the 
“Popov Radio-technical Society’ has 
that privilege. (Some 40 such societies 
at present are ‘collective members’ of 
Znanieé.) 

Even so, with more than three 
million active members (lecturers and 
paid local organisers), there is no need 
to invite further people to. join. “We 
have too many members already”, 
Basov said. Some prominent per- 
sonalities, of course, are virtually 
ex officio members. All Soviet cos- 
monauts, said Vladislavlev, are ex- 
ploited enormously. “Im fact, © their. 
bosses are always telling us to leave 
them in peace to get on with their 
job.” 

“There is an increasing demand for 
scientific knowledge and an increasing 
interest” said Vladislavlev. “The more 
one knows, the more one wants to 
know.” As for the social impact of 
science, Academician Basov reiterated 
an earlier communication to the 
British Association that “science is 
not always good!” It would appear, 
however, that, in spite of a vast 
quantity of general science reporting 
(all major discoveries are reported in 
Pravda, Basov said), the Soviet public 
have not developed a ‘“‘doomwatch out- 
look”. 

“It is not disasters that interest the 
public in science”, said Vladislavlev, 
referring to Harrisburg. “The interest 
comes naturally from the rising cul- 
tural level.” 

And, as far as the Soviet citizen is 
concerned, everything is done to en- 
courage that rise. “First we offer him 
a single lecture”, said Vladislavlev. 
“Then, having caught his interest, a 
course of lectures. And finally, en- 
rolment in a People’s University. We 


` are concerned in what you would call 


continuous adult education, and its 
development is our main task for the 
future! ” 

Vera Rich 
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MRC staff committee prepares for budget fight: Responding 
to a leak in The Observer (3 June) predicting extensive 
cuts in UK science in this week's budget, the Medical 
Research Council Staff Side Committee initiated actions 
last week to try to prevent the cuts. Petitions and telegrams 
from every MRC unit have been sent to Neil Macfarlane, 
Minister of Science, protesting cutbacks in research 
funding. Eight of the nine trade unions represented on 
the staff committee supported a move for an immediate 
meeting with Macfarlane but the minister refused the 
request calling it “premature”. Staff side initiatives to 
make joint representations to the government with MRC 
management were similarly rebuffed last week. In a letter, 
MRC management rejected the possibility of joint action 
opposing budget cuts saying that management and staff 
should act independently since the two have different 
views. The full staff side committee will meet 20 June to 
make its long term plans to prevent damage to medical 
research in the UK. 


US scientists report successful laser fusion tests: Scientists 
at the University of Rochester in New York suggested last 
week that the highly successful results of a series of 
experiments on a laser fusion energy system might bring 
forward the date at which break-even in fusion energy— 
the point at which the energy produced by the system 
equals the energy inserted—can be achieved. 

The experiments were carried out using a six-beam 
ZETA laser system, the first stage of a 24-beam system 
scheduled to begin operation later in the year. Using a 
laser power level of 1.6510" watts, the experiment 
generated more than one thousand million neutrons, 
at temperatures of 67 million degrees, “This is between 
five and ten times the amount that was expected,’ Dr 
Moshe Lubin, director of the university’s Laser Energetics 
Laboratory, said last week. 

When the full 24-beam system is in operation, it is hoped 
to be able to produce 30 to 40 terawatts (watts x 10°°) of 
power. “The success of our first experiments means that 
it may be possible for us here at the Laser Energetics 
Laboratory to help the national programme move up the 
date that is projected for breakeven. That event is 
presently estimated to occur in the 1984 timeframe,” said 
Dr Lubin. 


Third World energy experts to confront the West: A 
symposium to be held in London 20-22 June will provide 


 agforum for 30 spokespersons from the Third World to 


confront “the dominance being exercised by developed 
countries in science and technology, monetary expenditure, 
and planning and policy.” The conference, titled Third 
World Energy Strategies and the Role of the Industrialised 
Countries is being organised by Ariane van Buren and 
Gerald Foley of the International Institute for Energy 
Development and is designed to give experts from the 
Third World a chance to address influential figures from 
western aid agencies and development banks in the areas 
of nuclear power, the role of multinational oi! companies 
in development and the desirability of the alternate 
technologies currently in western vogue as being 
“appropriate” for the Third World. Papers will be pre- 
circulated and speakers will be restricted to five minute 
presentations thus allowing for up to one hour of debate. 
The papers and debates will be published. Sponsors of the 
meeting include the UK Ministry of Overseas Develop- 
ment, Atlantic Richfield, and the Beiger Institute of the 
Swedish Academy of Sciences. : 
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UNCTAD bodes ill for UNCSTD: The increasing economic 
crisis facing the developed capitalist countries has pro- 
duced a complete deadlock at the fifth UN Conference on 
Trade and Development. Four weeks of negotiations at 
Manila among 5,000 delegates from the world’s rich and 
poor nations costing an estimated £100m have failed to 
reach agreement on any restructuring of the western 
world’s economy. “The resolutions passed commit us to 
absolutely nothing’ said one western delegate. Third 
World countries attempted to change current practices of 
the International Monetary Fund, to install a system of 
trade preferences and multilateral trade negotiations for 
developing countries and to break the . industrialised 
nation’s monopoly on shipping. Final resolutions con- 
demned protectionism in trade against Third. World 
products, provided for short and long term “action pro- 
grammes” and expressed a need to progress towards an 
aid target of 0.7% of GNP. But several countries, including 


the UK, said they could make no commitment due to 


current cutbacks in public spending. The failure of the 
rich nations to yield to Third World demands for economic 
change reduces the possibility for effective action to be 
taken at the UN Conference on Science, Technology and 
Development to be held in Vienna in August. 


India extends ban on wildlife export: The Union Ministry 
of Commerce has restricted wildlife exports to only 21 live 
species of birds, one live species of animal and products of 
six other animals, on the recommendation of a sub- 
committee of the Indian Board for Wildlife which examined 
the existing export policy from an ecological viewpoint. The 
only animal species that can now be exported is the striped 
squirrel; allowed bird species include myna (other than hill 
myna), parakeet, and two Himalayan species known for 
their colourful plumage—Sibia and Siva. Among the allowed 
animal products are the skins of common fox, hill fox, 
jackal and jungle cats, and peacock feathers and porcupine 
quills. The new policy follows an import-export order of 
January 1978 which banned most of the wildlife in demand 
abroad, and the recent revision will further hit the trade. 
The bird trade is worth 80 million rupees annually, the 
major portion being export: according to a recent report of 
the Royal Society for Protection of Birds, 4.5 million birds 
used to be exported from India every year. Export of 
munias, constituting 70% of the total bird trade, was 
banned last year, and the ban on the export of rhesus 
monkey (about 20,000 annually) and on the lucrative trade 
of pelts and furs of cat family and skins of lizards have 
drastically affected the animal trade. But there has been a 
concurrent increase in poaching and smuggling of wildlife 
and their products. Recently a global racket involving the 
exchange of wrist 
watches and other 
luxury items for 
snake skins was un- 
covered in Bombay. 
So although conser- 
vationists and natu- 
ralists are pleased by 
the recent directive 
except for jackal 
skin, an animal fast 
decreasing ïn num- 
ber—they feel much 
more rigorous polic- 
ing is required, 
from Dilip M. Salwi, 
New Delhi. 


“Keep your part of the bargain. 
Throw out the wrist watches!” 
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Commercial break for Britain’s science? 


THE word ‘atmosphere’ liberally 
peppers the speech of Neil Macfarlane. 
It is used constantly in attempts to 
describe just how important good 
morale is for the country’s scientific 
community, and in particular, the 
newly-appointed Minister for Science 
believes there must be infinitely better 
links between “the research atmos- 
phere” of the good universities and 
industry in Britain. 

“We have lost a lot of ground over 
the past 20 years now”, he states. “Too 
many industrial organisations have 
turned to their companies’ research 
activities when looking for savings on 
their annual budget.” To rectify 
matters, he maintains that we must 
encourage companies to set up centres 
close to universities—as the Americans 
do. Similarly our universities must be 
more commercially minded in looking 
for closer ties with major firms. 

But 43-year-old Mr Macfarlane 
stresses that the real effort must come 
from industry, which in the past has 
shown little regard for scientific and 
engineering talent. “I think it is 
greatly to be regretted that the 
engineer and the scientist are 
generally relegated to a secondary 
level in the hierarchy of any major 
industrial organisation in the UK. We 
have been taken over by financiers and 
lawyers.” 

These are candid words from a 
junior minister who has no scientific 
training and whose background is 
solidly commercial. Educated at 
Bancroft’s School, Woodford Green, 
he was commissioned in the Essex 
Regiment from 1955 to 1957. He left 
“after Suez, the Middle East and all 
that particular cafuffle’ for the oil 
industry, to eventually become a sales 
manager with BP; he was closely in- 
volved in the 1973 oil crisis, dealing 
with the distribution of petrol in 
Southern England. 

In February 1974, he was elected 
Conservative MP for Sutton and 
Cheam and straightaway sat on the 
Select Committee for Science and 
Technology. His experience there 
opened up a completely new interest in 
science and Mr Macfarlane is quick to 
defend the committee’s record for 
giving a good overview of science and 
technology and for its many short, 
sharp investigations: “I think the whole 
atmosphere which then developed be- 
cause of the decline of our industry 
prompted many of us to pursue various 
technological issues with vigour and 
at all levels.” 

He is certainly no supporter of the 
proposal by the Select Committee on 
Procedure for the dissolution of the 
science and technology group. “I 
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Neil Macfarlane (above), 
Minister for Science in the new 
Tory government, wants closer 
ties between industry and 
research 


Profile by Robin McKie 


would be very apprehensive if it was 
entirely disbanded because I would 
envisage a tremendous amount of 
duplication of its work by other gov- 
ernment departments.” But defenders 
of the committee cannot look to him 
as an ally in their fight for its reten- 
tion, because he maintains that, as a 
member of the government, he has no 
right to intervene in a purely House 
of Commons matter. 

Even if the committee is disbanded, 
Mr Macfarlane will remain optimistic, 
believing that in general both parlia- 
ment and government serve science 
well, “I just wish that we could have 
a little more motivation of other 
Members of Parliament towards the 
importance of science. There is not 
nearly the interest that there should 
be.” He believes the previous Labour 
administration did not help by giving 
all responsibility for science to the 
Secretary of State for Education and 
Science, Mrs Shirley Williams, without 
delegating to a junior minister. 
Education became such a political foot- 
ball that it took up most of her time, 
at the expense of science. 


“However, I am not going to 


criticise her all the way because I think 
in many respects she did show a 
tremendous interest and grasp, and 
doubtless she would have liked to have 
spent more time on science. But now 
there is someone who can spare that 
time and has access straight through 
to the Secretary of State who is totally 
involved himself. We have got to en- 
sure that the science fraternity knows. 
it is not neglected by this administra- 
tion.” 

This desire is reflected in the breadth 
of Mr Macfarlane’s role, which covers 
science, research, technology, engineer- 
ing and preparing for the advent of 
the microprocessor revolution. Al- 
though there have been junior 
ministers for science before, they have 


not been faced with the same sweep 


of responsibilities. 

One major problem is staff stagna- 
tion at university science departments, 
which is freezing promotions, prevent- 
ing staff exchanges between centres 
and hindering the cross-fertilisation of 
ideas. Mr Macfarlane refuses to be 
pessimistic, however. “I don’t entirely 
take a gloomy view of staff stagnation. 
It was probably bad eight or 10 years 
ago, maybe even four or five but I 
believe there has been a great awaken- 
ing over this problem in recent years. 
Things are beginning to move and 
there is this exchange and cross- 
fertilisation taking place. We have just 
got to accelerate it somehow.” 

In general, he foresees ‘‘a period of 
stabilisation” for universities, with the 
emphasis being placed on training the 
16-19 age group to provide skilled 
technician manpower for our industrial 
re-birth. The research councils can 
expect to continue with the level of 
funding which has occurred in the 
past couple of years. 

On the thorny question of lay and 
union representation on the laboratory 
safety committees the Dangerous 
Pathogens Advisory Group and the 
Genetic Manipulation Advisory Group, 
Mr Macfarlane: takes the same stead- 
fast line as his Secretary of State, Mr 
Mark Carlisle, in opposing such moves. 
“These two bodies are so highly 
specialised that I don’t believe there 
is a role for anybody else on them at 
this embryonic stage of their 
activities.” 

The real problem is using science 
properly in our industrial growth. “The 
main thing at the moment is that the 
atmosphere is right in the science 
departments—whereas five to 10 years 
ago it was very different, What I want 
to do is make Britain proud of its 
science, and that is going to be quite 
easy because our science is second to 
none. It is the very best.” CJ 
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How French ‘postdocs’ are left out in the cold 


UNIVERSITIES have stopped growing in 
France, as in other western countries, 
and young scientists who want to make 
careers in research are feeling the 
pinch as badly as anywhere else. One 
paradox of this situation is that, at a 
time when postdoctoral fellowships are 
becoming scarce, researchers are in- 
creasingly reluctant to accept tem- 
porary posts, and less willing to change 
jobs merely to continue in research. 
While the problem is international, its 
French version has some special 
idiosyncracies. 

Research in France is not as uni- 
versity-based as in some other western 
countries. A major role is played by 
the Centre National de la Recherche 
Scientifique (CNRS), which despite its 
name is not a place but an institution, 
financing a large number of research 
laboratories throughout France. Some 
of these are located on university cam- 
puses and some in the Grandes Ecoles, 
while others are free-standing. A fairly 
close analogy would be with the MRC 
research units in Britain, 

Purely academic research is financed 
pantly through the Ministry of Educa- 
tion and partly through the Delegation 
Générale à la Recherche Scientifique 
et Technologique. (DGRST), a body 
which fulfils some of the functions of 
the UK Science Research Council. 
The DGRST provides a limited amount 
of finance for hardware, a fairly 
generous supply of research student- 
ships, but only a very sparse ration of 
postdoctoral fellowships, a function 
which largely rests with CNRS. But 
CNRS does not provide fellowships for 
academic departments, only for its own 
laboratories and those ‘associated’ 
with it (which together accounted for 
some 7,600 research workers and 
13,400 technicians in 1977). Since it is 
becoming steadily more difficult for 
university professors to raise funds for 
postdoctoral workers, as described 
later, there is a risk of prolonged con- 
traction of academic research as com- 
pared with the CNRS-supported lab- 
oratories. DGRST is not now, it seems, 
in a position extensively to support 
either university research or that in the 
Grandes Ecoles, in the way SRC does 
in Britain by means of research grants 
(which often include funds for graduate 
research assistants), research fellow- 
ships, advanced fellowships and the 
like. 

In France, all academics with teach- 
ing posts, and also employees of bodies 
like CNRS, are ipso facto civil servants 
(fonctionnaires) and as such have per- 
manent tenure. They do not need 
therefore, and indeed are not entitled, 
to take part in the state’s unemploy- 
ment insurance scheme, ASSEDIC. 
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ASSEDIC was designed to cater for 
workers in private industry or com- 
merce; it has been the subject of much 
negotiation between government and 
unions, and its terms were most re- 
recently improved last March. It is now 
a thoroughly comprehensive scheme— 
with one yawning omission: it does 
not cover temporary research workers 
(‘postdocs’) in universities, Ecoles, 
CNRS laboratories or similar establish- 
ments. French law is quite firm about 
this: postdocs are neither fonction- 
naires nor are they employees in 
private industry, and so they slip 
neatly between the available stools. 
French postdocs were not parti- 
cularly concerned about this state of 
affairs until 1971 or 1972, when scienti- 
fic unemployment first became notice- 
able. Pressure then began to be exerted 
on behalf of the postdocs by their 
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trade unions, such as the Syndicat 
National de Chercheurs Scientifiques, 
for temporary research workers to be 
eligible for unemployment insurance. 
This was not conceded by the govern- 
ment, but a number of temporary post- 
docs were converted into a hybrid 
species, fonctionnaires hors statut 
(literally, civil servants outside the 
law), and as such attained tenure. 
DGRST found itself obliged to meet 
the cost of these new fonctionnaires 
and this limited its resources for main- 
taining posts for those who were still 
temporary, let alone creating new 
posts. For this reason, among others, 
scientific unemployment grew further. 
The unions became very restive and 
successfully prevailed upon DGRST to 
terminate its long established contrats 
de recherche (broadly similar to SRC 
research grants) which often in- 
corporated money to pay for postdocs. 
The main aim was to force govern- 
ment agencies to make all research 
posts permanent, but the government 
has done the opposite. It has reduced 
the number of temporary posts without 
increasing the number of permanent 
positions. 

Before this happened, industrial con- 
cerns had been in the habit of sup- 
porting contract research in univer- 
sities, and financed a number of acade- 
mic postdocs; but anxiety among 
young scientists facing the possibility 
of eventual unemployment without 


state unemployment relief as well as 
union hostility, caused the withdrawal 
of industrial contracts, and these do 
not now appear to be a significant 
source of funds. 

An unfortunate quirk of French 
law, probably dating back to the 
Napoleonic concept of the university, 
which provides no proper legal status 
and thus no insurance for those who 
are neither civil servants, self-employed 
nor employees of firms in the private 
sector, thus has seriously added to the 
plight of untenured French research 
workers. Initiatives to set up an un- 
employment scheme independent of 
the state do not appear, up to the 
present, to have met with success. 

DGRST, aided by the new science 
minister, has striven valiantly to fill 
the gap left by the atrophy of contract 
research. In addition to some 3,000 
2-year studentships for predoctoral 
students, and some 60 fellowships for 
tenured academics to enable them to 
devote some years to fulltime research, 
DGRST has now begun to provide 
postdoctoral fellowships available for 
allocation in the principal research 
laboratories, But at the time of writing 
the number available through DGRST 
is only of the order of 100, which 
falls a long way short of meeting the 
need. The greatest hardship 1s among 
newly graduated PhD’s. 

An influential working group of 
academics, industrialists and adminis- 
trators presided over by Professor 
Jacques Friedel has been taking steps 
to assemble funds for some university 
fellowships, which have begun to be 
available at Orsay, Marseille, Stras- 
bourg, Poitiers and Lille; other fellow- 
ships have been established in the State 
laboratories at Saclay and Grenoble. 
The insurance deadlock has not been 
resolved, but at least the decay of 
contracts is ‘beginning to be cir- 
cumvented. 

This situation is however exacerbated 
by another specifically French problem, 
the firmly established tradition of 
young scientists to remain in the de- 
partment where they researched their 
theses. Several administrators expressed 
the view to the author that the diffi- 
culty in persuading young scientists 
to move to other laboratories or to 
neighbouring disciplines, is the greatest 
single obstacle, after the insurance 
laws, to fuller scientific employment; 
and from a purely scientific standpoint, 
immobility has the grave disadvantage 
that the inflow of new ideas and experi- 
ence into long-established laboratories 
is prevented. R. W. Cahn 


The author is Professor of Material 


Sciences at Sussex University. 
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Snail-paced parasite that is 
marching through South America 


Schistosomiasis, otherwise known as Bilharzia, is a debilitating 
disease causing anaemia, diarrhoea, abdominal pain and 
sometimes death. Its spread, initially through a particular 
species of freshwater snail, is now being accelerated by human 
carriers—Brazil’s millions of migrant workers 


Report by David Bousfield of Sussex University 


UnTIL the 1920s schistosomiasis, a 
debilitating parasitic disease caused by 
Schistosoma mansoni which is trans- 
mitted by certain species of freshwater 
snail, was more or less restricted to 
the north-east of Brazil—an area which 
includes the states of Ceará, Rio 
Grande do Norte, Pardiba, Per- 
nambuco, Alagoas and Sergipe. Then, 
as now, sugar cane cultivation along 
the coastal ‘zona da mata’ was a major 
source of employment. The sugar mills 
or ‘engenhos’ were invariably as- 
sociated with river valleys providing 
alluvial fertilisation during the winter, 
water for irrigation, and ideal habitats 
for Biomphalaria glabrata, the main 
intermediate host of schistosomiasis in 
the area, which is capable of adapting 
to almost any kind of freshwater en- 
vironment, Inland the climate becomes 
progressively drier and the correspond- 
ing vegetational zones, the ‘agreste’ 
and the ‘sertão’, supported simple 
farming and cattle ranching. In these 
semi-arid regions limited and inter- 
mittent sources of water meant con- 
centration of population, pollution and 
disease and provided an environment 
for an intermediate host, Biomphalaria 
straminae, that was well adapted to 
temporary desiccation. Today, esti- 
mates for the levels of infection in 
Sergipe and Alagoas are above 30%, 
and even in the most developed state, 
Pernambuco, the level was almost 16% 
before 1975. 

Unfortunately the disease did not 
remain in the north-east. Competition 
from the more progressive plantation 
owners in the south closed many 
‘engenhos’ and forced others to adopt 
more mechanised, less labour intensive 
methods, whilst in the interior the 
severe droughts of 1958 and _ 1970, 
together with the ‘strong-arm’ tactics 
of the richer landowners forced many 
‘nordestinos’ off their land and on to the 
road. These migrants travelled mainly 
to the south in search of work, taking 
their diseases with them, During the 
1970 drought, for example, out of the 
total population of 30 million, 2 million 
people left the north-east. In 1937 
schistosomiasis reached the state of 
Minas Gerais, and the states of Rio de 
Janeiro and São Paulo in 1950. In 1953 
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the disease reached Paraná bordering 
with Argentina and Paraguay, and it 
was recorded in Brasilia in 1973. Since 
potential intermediate hosts were 
already to be found in all of these 
States it is presumed that human 
migration was responsible for the 
spread of the disease. By 1975 it was 
estimated that there were between 8 
million and 18 million carriers and 
the disease cost $150 million per year. 

Human migration, however, is not 
the only reason for the rapid increase 
in size of the endemic area. Until 
about two decades ago only Biom- 
phalaria glabrata and B. straminae 
were recognised as being the important 
intermediate hosts for schistosomiasis 
in South America, A third species B. 
tenagophila, found only in the south 
of the country (but whose distribution 
stretches westward and southward into 
neighbouring Bolivia, Paraguay, 
Argentina and Uruguay) was thought 
to have a very low susceptibility to 
infection by the miracidia of S. 
mansoni. Indeed in 1923 the Brazilian 
taxonomist Adolpho Lutz had proposed 
that the species be called Planorbis 
immunis, In 1956, however, Lygia 
Corréa and others found a number of 
foci in the Pardiba valley which were 
maintained solely by B. tenagophila— 
in some areas snail infection rates were 
as high as 48%. Subsequent laboratory 
work conducted by Lobato Paraense 
and his co-workers have shown that 
S. mansoni is gradually adapting to its 
new snail host and that in the case of 
the strain from the Pardiba valley this 
process is particularly well advanced. 


Will the strain 


spread to Amazonia? 

In a recent paper by Paraense and 
Corrêa they remark that “the suscept- 
ibility of most B. tenagophila popula- 
tions to the S. J. [Paraiba] strain points 
to a fact of practical significance—the 
possibility of expansion of that strain 
to a wide South American area, most 
of which is still free of schistosomiasis”. 
They also report that the strain is 
gradually spreading, and that this rate 
will increase as stronger migration 
incentives and better economic op- 
portunities are developed in the region. 
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Brazil's waterside shanty towns: a focus 
for transmission of disease 


In addition to this movement south, 
spread of schistosomiasis has been :c- 
corded, albeit on a much smaller scale, 
in the northern states of Maranhão and 
Para. The intermediate host here is B. 
Straminae but a new potential host B. 
amazonica has recently been discovered 
to the west with a distribution stretch- 
ing from Porto Velho, along the Rio 
Solimoes to Manaus. The possibility of 
spread to Amazonia is generally 
acknowledged amongst public health 
workers to be small. This judgement is 
based on the low population densities 
and high flow volumes involved, and 
the unsuitability of the water chemistry. 
However, the development of the 
Transamazonian Highway, built 
specifically to act as a ‘safety valve’ 
for the drought-plagued northeast, 
must challenge some of these as- 
sumptions. The original project, an- 
nounced in 1970, called for settlement 
of 100,000 families along the pioneer 
highway by 1976—although, in fact, 
by September 1977 only 5,333 had 
actually been settled. Small towns 
were constructed every 10km (agro- 
vilas) with larger administrative and 
manufacturing centres built at 100 and 
400 km intervals. Research conducted 
by Dr Nigel Smith (INPA, Manaus), 
however, has shown that as of Sept- 
ember 1974 only 4 out of 26 agrovilas 
were equipped with piped water and 
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only 10 out of 26 possessed privies. 
Gastrointestinal problems due to the 
use of water from streams and ponds 
contaminated by human and animal 
faeces are already one of the major 
reasons for hospital admission. 
SUCAM, the government organisation 
responsible for disease control, 
maintains surveillance at Marabá, 
Altamira and in Rondônia, but to date 
no transmission has been reported, 
although many of the settlers are 
infected. However, at SUCAM’s head- 
quarters in Brasilia, Dr Solon Camargo 
pointed out to me that agricultural 
activity and other attempts to modify 
forest ecology might produce favour- 
able snail habitats in the vicinity of the 
highway. According to Dr Smith the 
‘slash and burn’ techniques of the 
settlers and the application of lime to 
the soil has produced a large modifica- 
tion in the chemistry of stream and 
pond water close to the road and at a 
number of sites, notably Altamira B. 
straminae populations already thrive. 
Until 1975 attempts to control 
Brazilian schistosomiasis took the form 
of small pilot projects usually aimed 
at reduction or eradication of snail 
populations using molluscicides. Some 
attempts to reduce the incidence of 
the disease by chemotherapy had also 
been made but neither strategy had 
been particularly useful in controlling 
transmission—small residual popula- 
sions of infected snails could still 
maintain high rates of transmission and 
treated patients soon became reinfected, 
although it might be several years 
before disease reached its more ad- 
vanced forms again. Indeed by this 
time many Brazilians working in 
schistosomiasis control felt that at- 
tempts to reduce the disease should be 
linked to community health pro- 
grammes, and in particular to the 
provision of piped water, toilets and 
communal laundries. In rural Brazil 


75%, of households were without any 
form of toilet and 71% without pro- 
tected water supplies in 1975. Dr F. S. 
Barbosa, a specialist in snail control 
wrote in 1974 that “attempts to control 
schistosomiasis, in a large scale, by 
using the conventional single control 
methods are futile and, more than this, 
may become detrimental to the 
developing communities.” 


Better sanitation 


key to prevention 


When the first national plan to control 
schistosomiasis (PECE) was announced 
in 1975 at the beginning of the term 
of office of President Geisel it was 
greeted by considerable criticism from 
the scientific community, for the 
Minister of Health, Dr Paulo de 
Almeida Machado proposed the elimin- 
ate, or at least control, the disease by 
mass chemotherapy—the drug oxam- 
niquine (Mansil) being used most ex- 
tensively. This choice of strategy was 
based on the success of a small pilot 
scheme in Paraná and the success of 
of an earlier mass injection scheme in 
which 80 million people were vac- 
cinated against meningitis in 10 months. 
It is probable too that the need for 
positive results before the next elec- 
tion in 1978 played a part in the design 
of the programme, PECE began with 
two closely monitored experimental 
projects—one at the town of Touros 
(population 2,250) in the state of Rio 
Grande de Norte, and the other at 
Santo Antonio das Trempes (pop. 571) 
in Pernambuco. At Touros almost all 
the population was treated ‘en masse’ 
with oxamniquine during December 
1975. Infection levels dropped from 
56% to 5% but rose to 19% after one 
year, Indeed, for children under 15 
years, the highest risk group, more than 
50% became re-infected during this 
period. On the other hand, at Santo 
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Migrant sugar workers: attempts to screen them medically have failed 
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Antonio das Trempes where chemo- 
therapy was preceded by molluscicid- 
ing and installation of piped water, 
toilets, showers and communal laun- 
dries, the infection rate, which origin- 
ally had been 50.4%, was still only 2% 
twenty months later. PECE has since 
been extended to cover seven north- 
eastern states, yet still relies heavily on 
drug therapy. Oxamniquine will be 
given to 12 million people (already 
between 1 and 2 million have been 
treated) whereas provision of sanitation 
is planned for only 2.6 million. 
Additional programmes designed to 
control and stem the spread of 
schistosomiasis in the south are being 
undertaken by the São Paulo Secretariat 
of Health and in the neighbouring 
state of Paraná by SUCAM, São 
Paulo’s problems began with its rapid 
industrial and agricultural growth with 
the concomitant need for manpower, 
irrigation systems and power stations. 
For example the state is now the coun- 
try’s biggest producer of sugar cane, a 
crop whose importance to the national 
economy will increase rapidly as the 
government’s programme to substitute 
ethanol, produced from sugar, for 
gasoline gets under way. The need to 
reduce energy imports has also made 
hydroelectric power an increasingly at- 
tractive alternative and new schemes, 
such as the one at Itaipú, now have 


catchment areas extending into 
Argentina and Paraguay, making 
international transfer of schistosome 


strains a possibility. During the period 
1967-70, the state received 113,054 
migrants, mostly from the north-east 
and Mina Gerais. Routine coprological 
examination showed that an average 
23% had schistosomiasis. By 1974 it 
was estimated that a quarter of a 
million infected migrants had entered 
the state. Attempts have been made 
to screen and treat infected migrants 
as they arrive. However, in order io 
prevent the spread of schistosomiasis 


such a scheme required that all 
migrants register with the local 
authorities, and that diagnosis and 


treatment are 100% effective. To date 
none of these standards has been 
achieved and the number of active 
foci within the state increases. 

Whatever else happens in the future, 
it is clear that Brazil’s need for cheap 
migratory workforces will continue to 
increase, and it is to be hoped that the 
new Minister of Health, Dr Mario 
Augusto de Castro Lima, with an 
extended 6 year term of office in front 
of him, will realise that chemotherapy 
is no match for the powerful social and 
economic forces which have made 
schistosomiasis a major problem in 
Brazil’s agro-industrial age. 





David Bousfield visited Brazil on a 
Nature Writing Fellowship 
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Jonathan R. Cole and Stephen Cole 
describe how disagreements among peer 
reviewers can explain the unexpectedly 
low correlation between a scientist's 
prior professional performance and his 
or her chances of being awarded a 
research grant. 





IN recent years the system used by the 
United States government to distribute 
basic research funds for scientists has 
been under increasing attack both from 
members of the scientific community 
and from the American Congress. The 
most important criticism that has been 
raised is that the current system based 
upon peer review leads to inequitable 
decisions favouring eminent scientists 
and putting non-eminent scientists at a 
serious disadvantage in the competition 
for increasingly scarce funds. 

For the past three years we have 
been conducting a detailed study of how 
the National Science Foundation de- 
cides whether or not to approve appli- 
cations for research funds (Stephen 
Cole, Leonard C. Rubin, Jonathan R. 
Cole, Peer Review in the National 
Science Foundation (Washington: 
National Academy of Sciences, 1978)). 
We have done this work as consultants 
to the Committee on Science and Pub- 
lic Policy (COSPUP) of the National 
Academy of Sciences. Our study is 
based upon extensive qualitative inter- 
views with people involved in all aspects 
of peer review, particularly NSF pro- 
gramme directors; an analysis of the 
actual reviews given to 250 research 
proposals; and a quantitative analysis 
of 1,200 applicants to 10 different NSF 
programmes in fiscal year 1975. The 
purpose of the quantitative study was 
to identify those characteristics of scien- 
tists and their ‘track records’ that were 
correlated with high or low peer ratings 
and with the final funding decision. 


‘Old boys club’ 
theory disproved 


Although the NSF peer review sys- 
tem had been criticised as being an 
‘old boys’ club’, our research did not 
support the contention that the methods 
used by the NSF in deciding who 
should receive funding were inequitable. 
We found that eminent reviewers did 
not favour applications from their 
eminent colleagues. Furthermore we 
found weak correlations between 
measures of the scientific performance 
of the applicant and the peer review 
ratings they received. Finally we found 
that the peer review ratings did in fact 
almost completely determine whether 
or not a grant was funded or declined 
funding. 
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One important result of the first 
phase of our finding of the first phase 
of the research concerned the relation- 
ship of past ‘track record’ of the appli- 
cant to the peer review ratings they 
received. For example, we found that 
the number of papers published in the 
last 10 years and citations to those 
papers had only a slight influence on 
ratings given to a proposal by the peer 
reviewers. In two of the 10 programmes 
we studied the proportion of variance 
explained on ratings by citations were 
0.16 and 0.14, and in the other pro- 
grammes less than 0.10. Other pro- 
ductivity or output measures are even 
less strongly related to the ratings. 

We also found that the prestige rank 
of the applicant’s current academic 
department had only a small to mod- 
erate correlation with the ratings given 
to their proposals. The criticism that 
applicants from prestigious East and 
West coast universities have a: signifi- 
cantly better chance of receiving grants 
than those from other universities 
turned out to be unjustified, 

In this discussion our primary con- 
cern is why we did not find the ex- 
pected relationship between measures 
of the scientist’s past performance, his 
position in the stratification system of 
science, and the peer review ratings 
received on his proposal. 

One reason why the characteristics 
of applicants showed such low corre- 
lation with ratings received was that 
there was an unexpectedly large 
amount of disagreement among re- 
viewers of the same proposal. Some 
reviewers gave proposals high ratings 
and other reviewers gave the same 
proposal low ratings. If the same appli- 
cant gets high ratings from some re- 
viewers and low ratings from others, 
the correlation between any character- 
istic of the applicant and the ratings 
must necessarily be low. 

In order to estimate the level of 
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agreement among reviewers of par- 
ticular proposals we performed a one- 
way analysis of variance for each of the 
10 programmes. In this analysis, the 
dependent variable was the rating that 
a proposal received from a reviewer; 
the independent variable was simply 
the proposal number, which is of course 
a nominal variable. The results pre- 
sented in the accompanying table 
(overleaf) show the’ proportion of the 
total sum of squares for ratings on all 
proposals that is attributable to dis- 
agreements among reviewers of the 
same proposal. 


Lack of consensus is 
common to all subjects 


Take, for example, the algebra pro- 
gramme at the NSF. If we examine all 
the variation that exists among raters 
of all proposals to the algebra pro- 
gramme, we find that 45% of the total 
variation is due to disagreements about 
the quality of individual proposals 
among the peer reviewers of the same 
proposal. The level of disagreement 
among reviewers of algebra proposals 
was by no means anomalous. We 
should also point out that contrary to 
our expectations there was no less con- 
sensus in the social sciences such as 
anthropology and economics than there 
was in the natural sciences. In fact, 
economics was the programme which 
showed the lowest proportion of vari- 
ance (35%) explained by within- 
proposal variations. 

These disagreements could be the 
product of several processes. First, 
there is substantially more actual cog- 
nitive disagreement among reviewers 
about the merits of proposed work by 
the applicant than is often believed to 
be the case. Second, the high amount 
of disagreement among reviewers could 
be in part a result of intersubjectivity, 
that is, two scientists might actually 
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Consensus among reviewers. and influence of applicant characteristics on peer review ratings 
Lack of consensus among reviewers — Pearsonian correlation coefficients between 
Log of Log of Combination Combination 
Percentage of total » citations to citationsto > = of 9 of 9 
variance due to > “recent work recent WORK _ Rank of Rank of characteristics characteristics 
within-proposal ee = and and ~ deptand dept and — and and 
variance <> individual mean -individual mean individual mean 
er ae á ratings ratings | Harings ratings ratings* - ratings* 
Algebra 5. |. 45 06 At 07 .10 Eri 3i 
Anthřopolosý ae 4 00 Ot 00 00 04 07 
Biochemistry ` a 49 16 a or 07 12 .20 40 
Chemical dynamics 45 14 inn 02 04 min 29 
Ecology ` Pe at 54 01 .02 02 04 06 13 
Economics- . Š 35 08 08 | 13 23 21 32 
Fluid mechanics _ E 43 03 .02 10 10 17 29 
Geophysics _ . ; 57 07 14 03 07 .09 21 
Meteorology. - 63 08 16)... 05 u .14 37 
Solid-state physics 55 08 d6 08 16 17 38 





* The nine characteristics FEP professional age, Tank of Ph.D. department, -rank of current department, academic rank, log of papers 
published in last 10 years, log of citations to work published in last 10 years, log of citations to papers more than 10 years old, whether 


institution isa Ph.D. -granting one or other, number of years funded by NSF in last five years. 


have the same substantive appraisal of 
a proposal but may use different sub- 
jective scales of evaluation. Con- 
sequently, a similar evaluation can 
result in different actual ratings. Third, 
the disagreements could reflect some 
personal bias that the reviewers have 
against a particular principal investiga- 
tor who submits a proposal. We could 
catalogue other potential sources of 
variations in the ratings, but the im- 
portant, albeit tentative conclusion to 
underline is that the amount of varia- 
tion in peer review ratings that could 
possibly be explained by characteristics 
of scientists and their track records is 
distinctly limited by this disagreement 
among reviewers over the same pro- 
gramme. 


Taking published 
papers into account 


In order to eliminate the effects of 
this lack of consensus on the cor- 
relation between applicants’ character- 
istics and ratings, we used as the 
dependent variable the mean rating 
received. As independent variables we 
used the log of citations to papers 
published during the last ten years prior 
cto application, rank of the applicant’s 
academic department, and a combina- 
tion of nine characteristics measuring 
the scientist’s location in the stratifi- 
cation system of science. The results of 
these regression analyses appear in 
the table. 

Given that about one half of the 
variance in ratings is the result of 
within-proposal disagreement, the cor- 
relation between the characteristics of 
the applicant and the mean rating is 
about double the correlation between 
characteristics of the applicant and the 
individual rating. Although the cor- 
relations between individual character- 
istics and mean ratings are higher, they 
are still not as high as one might 
expect, particularly in fields such as 
solid state physics, algebra, or chemical 


dynamics. 

There are three reasons why these 
correlations are not higher. The first 
we call self-selection. Not everyone 
who. is eligible to apply for an NSF 
grant does so. The group of scientists 
that applies for NSF research money 
tends to be a self-selected group of the 
most creative and productive scientists 
in their particular fields. In order to 
apply for a grant, an applicant must 
write a proposal that he or she knows 
will be sent out for review to colleagues 
in the discipline. Scientists who do not 
have active, ongoing research pro- 
grammes are less likely to write such a 


proposal and subject themselves to peer 


review than those who do have active 
research programmes, Data in which 
we compare the productivity of the 
applicants to the NSF with productivity 
of random samples of academic 
scientists indicate that NSF applicants 
are on the whole a more productive 
group than are the population of 
scientists in a given field. Because self- 
selection takes place, the group of ap- 
plicants from whom the reviewers must 
select successful proposals. tends to 
have attenuated variance on some of 
the independent variables. 

One reason for the low correlation 
between the rank of an applicant’s 
academic department and peer review 
ratings is the relatively wide dis- 
tribution of academic talent among 
American universities. Although it is 
true that, on the average, highly 
prestigious departments have more 
talented and productive scientists, a 
significant proportion of talented 
scientists are not located at the most 
prestigious departments. Several in- 
dependent studies have found that the 
correlation between citations to a 
scientists’ work and the prestige rank 
of his department is 0.30 or less. This 
suggests that quite a few scientists who 
have produced work judged to be 


useful and of high quality. re not in 


highly ranked departments. 


When we relate the low correlation 
between the quality of an individual 
scientist’s research output and the rank 
of his department to the concept of 
self-selection, we can understand better 
the low correlation between the rank 
of an applicant’s department and peer 
review ratings. If every scientist in 
every department applied for a grant, 
there would probably be a considerably 
higher correlation between rank of 
department and rating. But we know 
that all scientists do not apply. Apply- 
ing scientists from low-ranked depart- 
ments are probably the most active 
researchers of those departments. 
Whereas six mathematicians from MIT 
may apply for NSF funds in a given 
year, perhaps only one mathematician 
at a lower-ranked department will 
apply, But this one individual may 
have a national reputation comparable 
to those of some of his colleagues at 
high-ranked departments. 


Quality of science 
is main influence 


Finally, the third and perhaps most 
important reason for the low corre- 
lation between characteristics of the 
applicants and peer review ratings is 
that all evidence collected thus far in 
the peer review study suggests that the 
ratings are strongly influenced by the 
reviewer’s perception of the quality of 
the science contained in the proposal. 
If this is indeed true and the cor- 
relations between the ratings and the 
characteristics of applicants are low 
to moderate, this would necessarily 
mean that the correlation between 
characteristics of applicants and the 
perceived quality of their proposals 
would be low to moderate. We are 
currently analysing a set of data which 
will allow us to determine the extent 
to which this hypothesis is correct and 
the meaning of these data for peer 
review and the distribution of federal 
funds to research scientists. i 
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Temperatures in the clouds of Venus 


from P. J. Houghton 


On board the Pioneer Venus orbiter 
which encountered the planet Venus on 
4 December 1978 was a multi-channel 
infrared radiometer jointly built by the 
Jet Propulsion Laboratory, Pasadena, 
California and the Department of 
Atmospheric Physics at the University 
of Oxford. The Oxford contribution to 
this radiometer is the first British built 
experiment to leave the vicinity of the 
Earth and travel to one of the planets. 
Remote sounding observations with 
this radiometer have already provided 
the first information on the tempera- 
ture structure in the upper Venus 
atmosphere (Taylor et al. Science 203, 
779; 1979). On page 613 of this issue 
of Nature Taylor and his colleagues at 
the Jet Propulsion Laboratory report 
some interesting new measurements of 
the detailed thermal structure of the 
clouds near the Venus pole which pro- 
vide important clues to the nature of 
the circulation of the Venus atmos- 
phere. Investigations from Earth-based 
telescopes and from spacecraft have 
demonstrated the very deep, rather 
uniform cloud cover on Venus, which 
completely obscures the surface from 
view. That the cloud droplets mainly 
consist of sulphuric acid was discovered 
as a result of the interpretation by 
Hansen, Arking and Young in 1973 of 
polarisation observations made at dif- 
ferent phases of Venus by the French 
astronomers Coffeen and Gehrels in 
1969. Although the size of the par- 
ticles, as also deduced from these 
measurements, turned out to be a few 
microns only, the question remained as 
to how the upward motion necessary 
to maintain the clouds was generated, 
even though for such small particles 
the amount of upward motion need 
only be very small. A further question 
concerned the location of the compen- 
sating regions of downward motion. 
This week’s report gives support to the 
theory put forward by Murray ef al. 
(J. geophys. Res. 68, 4813; 1963) and 
Suomi and Limaye (Science 201, 1009; 
1978) that intense regions of downward 
motion might be concentrated near the 
poles. In these regions clearing of the 
clouds might be expected, which would 
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not be visible from Earth because the 
polar regions are viewed so obliquely. 

The Pioneer 12 orbiter, because it 
goes nearly over the Venus pole, has 
provided the first opportunity to 
observe the polar regions in detail. The 
infrared radiometer observations clearly 
show a localised region of much higher 
temperature than the rest of the cloud 
cover which has been interpreted as a 
local clearing of at least the upper half 
of the cloud layer. The measurements 
do not rule out a clearing to much 
deeper levels. 

Observations from the infrared 
radiometer at altitudes. of 60-90 km in 
the Venus atmosphere, well above the 
main cloud deck, have shown a tem- 
perature contrast of about 20 K between 
equator and pole, with the pole being 
warmer (Taylor et al. op. cit.). The 
obvious interpretation of these measure- 
ments in terms of circulation is of a 
Hadley type circulation with rising air 
over the equator, cooling as it rises, 
and sinking air around the polar 
regions, warming as it sinks. This is not 
unlike the thermally driven circula- 
tion which occurs in the mesosphere 
of the Earth’s atmosphere where very 
cold temperatures occur at the mego- 
pause (~85km altitude) in summer 
contrasted with much warmer tempera- 
tures near the winter mesopause in the 
other hemisphere. Another important 
feature of the circulation at those 
levels above the main cloud deck is the 
very rapid zonal motion which occurs. 
Air moves around the planet at a 
velocity of about 100 ms™', one rotation 
of the planet taking about 4 days. This 
rapid motion ensures that there is little 
temperature contrast between the day 
and night side of the planet, as is con- 
firmed by the Pioneer radiometer 
observations. 

The solid surface of Venus rotates 
only very slowly—once in 243 days— 
so that the comparatively rapid rotdtion 
of higher parts of the Venus atmos- 
phere is particularly ` intriguing. 
Schubert and Whitehead in 1969 
(Science 153, 71) put forward a possible 
theory of the mechanisms driving this 
circulation; they suggested it was in- 


duced by a travelling thermal wave 
induced by the motion of the Sun rela- 
tive to the atmosphere. 

At altitudes above about 90 km in 
the Venus ionosphere, the thermal con- 
trast between equator and pole largely 
disappears. Instead at these levels, as 
is shown again from infrared radio- 
meter measurements, a temperature 
difference of about 20 K exists between 
the day and night side of the atmos- 
phere, indicating a mean circulation 
which is primarily occurring between 
the warmer sunlit. side and the. cooler 
dark side. 

It will be interesting to discover, 
from further work on the data. from 
the infrared radiometer and from the 
other instruments on the Pioneer 12 
orbiter, whether there is any evidence 
for large.scale waves in the atmosphere 
above the Venus clouds of a similar or 
different nature to the planetary waves 
observed in the Earth’s atmosphere. 
A big question which clearly arises is: 
how are the circulations in different 
parts of the Venus atmosphere linked? 
Is the upper atmosphere circulation, 
for instance, driven from below, or is 
it driven by heat sources and sinks 
near the cloud tops? A particularly 
interesting observation is that the 
cloud clearing reported in this issue is 
not actually at the pole but some 10°. 
from it, suggesting that the circulation. 
may have some interesting asymmet- 
rical properties. Clearly a lot remains 
to be understood that will not only. 


encourage those working on Venus 


data to extract from it information 
which will provide clues to some of the 
intriguing problems of the Venus cir- 
culation, but also provide the theoretical 
modellers with a challenge to fit it all” 
together. As we begin to understand. 
how the motions are organised in t 
Venus atmosphere, which is so different 
from our own, we shall in turn acquire 
deeper insight into what goes on in the 
atmosphere of the Earth. O 
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Neoplasias and 
B-cell precursors 


from Maxime Seligmann 


THE earliest recognisable cells within 
the B-cell differentiation pathway are 
known as pre-B cells. They are found 
in the fetal liver of rabbits, mice and 
men and are characterised by the pres- 
ence of intracytoplasmic IgM and the 
lack of surface receptors'~*. In adults, 
pre-B cells are found almost exclus- 
ively in the bone marrow’. IgM can be 
dstected by immunofluorescence tech- 
niques in the cytoplasm of most, if not 
all, large rapidly dividing pre-B cells 
and their small non-dividing pre-B cell 
progeny’, with an unusual perinuclear 
and reticular staining pattern. Pre-B 
cells are the progenitors of surface Ig 
positive B lymphocytes but, because 
they do not express functional immuno- 
globulin receptors on their surface, it 
can safely be assumed that antigens 
do not influence the diversity of im- 
munoglobulins produced by pre-B cells. 
Various studies suggest that clonal 
diversification is accomplished by the 
pre-B cell stage. For example, indi- 
vidual pre-B cells show allelic exclusion 
in rabbits heterozygous for kappa 
chain allotypes’. In myeloma patients, 
antibodies specific for idiotypic deter- 
minants of the myeloma globulin stain 
bone marrow cells with pre-B cell 
characteristics’; this finding provides 
evidence that pre-B cells belong to the 
neoplastic clone and suggests that V-C 
joining has occurred at this stage. 
Several recent studies have shown 
that some murine and human neopla- 
sias involve such early B-cell precursors 
which produce cytoplasmic immuno- 
globulin in the absence of membrane- 
bound immunoglobulin molecules. The 
Abelson murine leukaemia virus com- 
plex, which consists of a replication- 
defective virus and its helper Moloney 
leukaemia virus, causes thymus-inde- 
pendent lymphomas in Balb/c mice, 
and several characteristics suggested 
that these tumours were related to the 
B-cell lineage’. Two independent 
studies™™® have recently provided 
evidence that several neoplastic cell 
lines resulting from in vivo or in vitro 
transformation by Abelson virus have 
features indicative of early matura- 


tion compartments in the B- 
lymphocyte lineage. On the other 
hand, two human lymphoid cel 
lines (Raji and T51) were also 


shown to express characteristics of 


early B-cell precursors’. Finally the 
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leukaemic cells of some patients with 
acute lymphoblastic leukaemia also dis- 


play features thought to be characteris- 
tic of pre-B cells. This pre-B cell pheno- 
type is not uncommon because it was 


found in four of 22 patients in the 
initial report by Vogler er al.” and in 
10 of 68 patients in the subsequent 
series of Brouet et al.”. 

The results of immunofluorescence 
and immunoglobulin synthesis studies 
suggest that the maturation arrest in 
these various neoplastic cells may 
occur at slightly different steps in the 
early stages of the B-cell pathway. 
Early studies indicated that normal 
pre-B cells produce complete mono- 
meric IgM molecules with both # and 
light chain’’*. In contrast, no light 
chain determinants could be detected 
by immunofiuorescence in most human 
leukaemic pre-B cells’. This negative 
finding could be due to limitations of 
immunofluorescence technology be- 
cause, in the human cultured cell lines 
mentioned above, light chains could 
not be detected by immunofluorescence 
but were found at the ultrastructural 
level by an immunoperoxidase 


method". It should be noted, however, 
that the number of normal pre-B 
cells containing detectable light 
chain determinants is lower than 
the number of such cells with 
detectable y# chains“. This dis- 


crepancy and the findings in acute 
lymphoblastic leukaemia are con- 
sistent with the possibility that there 
is an asynchronous onset of heavy and 
light chain synthesis. The data reported 
by Siden eż al.” support this hypothesis 
because most Abelson-virus-induced 
cell lines synthesise a # chain but no 
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detectable light chain. This s-only 


phenotype was stable on subcloning. 
Cultures in which synthesis of both x 


and x chains occurred showed a rapid 


loss of « chain synthesis. One line was 
studied in detail: the intracytoplasmic 
molecules represented glycosylated x 
chain dimers which were not secreted. 
Light chain synthesis could not be in- 
duced by reducing the growth rate of 
the cells, a procedure that resulted in 
increased # chain synthesis. In contrast 
to these findings, another Abelson- 
virus-derived line studied by the same 
authors produced only « chains. It 
should be emphasised that the biosyn- 
thesis experiments showed that the 
cytoplasmic extract contained, in addi- 
tion to the « chain band, a slower band 
which comigrated with a precursor 
polypeptide. It is interesting in this res- 
pect that the intracytoplasmic IgM of 
the human lines was not located inside 
endoplasmic reticulum but at the level 
of free polyribosomes” and that these 
lines produce abnormally large Ig poly- 
peptide chains (unpublished results of 
P. Guglielmi and J. L. Preud'homme). 
The two Abelson-virus-transformed cell 
lines studied by Boss et al.” apparently 
synthesised monomeric IgM with both 
u and light chains. However, most 
cells in both lines were presumably 
less mature than pre-B cells because 
they were negative for cytoplasmic 
IgM but could be induced to express 
IgM_ positivity by several compounds 
such as lipopolysaccharide, DMSO 
and butyric acid. The human 
lymphoid cell lines are presumably 
slightly more differentiated than 
bona fide pre-B cells because they 
bear la-like determinants, they secrete 
polymeric IgM molecules (instead of 
monomeric IgM in normal pre-B 
cells’) and they become able to pro- 
duce membrane-bound immunoglobu- 
lin molecules in certain conditions 
(unpublished results of P. Guglielmi 
and J. L. Preud’homme). 

Another point of interest is that 
human pre-B leukaemic cells in a fair 


percentage of patients’, as well as 
several Abelson virus-induced 
tumours’ and normal pre-B cells 
(G. ‘Janossy, personal communica- 
tions), were shown to contain 
low but detectable levels of 


terminal deoxynucleotidyl transferase. 
This enzyme was initially considered 
as characteristic for thymic and pre- 
thymic cells but it is probably present 
in progenitors of all lymphoid cells, a 
finding which might be related to the 
possible role of this enzyme in the 
generation of somatic mutations”. 
The availability of tumour cells and 
continuous lines corresponding to early 
precursors of the B lineage lymphoid 
cells should be useful for the study of 
immunoglobulin gene diversification 
and expression. {3 
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Hepatitis A: a giant 
leap forward 


from Arie J. Zuckerman 


THE past decade has seen rapid pro- 
gress in the identification of viruses 
causing hepatitis in man, starting in 
1968 with the discovery of the associa- 
tion between Australia antigen and 
hepatitis type B (serum hepatitis). Five 
years later, hepatitis A virus, which is 
the cause of infectious or epidemic 
hepatitis, was identified by electron 
microscopy in faecal extracts, and 
more recently evidence has been 
obtained of a third type of hepatitis (so 
called non-A, non-B hepatitis) which 
is probably caused by more than one 
virus. The worldwide research effort 
which has been devoted to the problem 
of viral hepatitis by epidemiologists, 
virologists, molecular biologists, im- 
munologists, pathologists, clinicians, 
blood transfusion services, public 
health authorities and others reflects 
the impact which these viruses have 
on human health and welfare. 
Although remarkable advances have 
been made in the characterisation of 
the biophysical and biochemical pro- 
perties of hepatitis A and B viruses, 
reproducible propagation of these 
viruses in tissue culture has defied every 
effort and continued to elude even the 
most stubborn research worker. 
Provost and Hilleman (Proc. Soc. exp. 
Biol, Med. 160, 213; 1979) now report 
the first reliable serial cultivation of 
human hepatitis A virus in primary 
explant liver cell cultures of marmosets 
and in a fetal rhesus kidney cell line. 
This work represents a spectacular 
advance in a hitherto frustrating and 
seemingly insoluble problem. 

The events which led to this success 
started in 1967 when Deinhardt and 
his associates (J. exp. Med. 125, 673; 
1967) transmitted human hepatitis A 
virus to two species of marmosets, 
which are small South American 
monkeys, and the infection was 
transferred serially from animal to 
animal. Differences in susceptibility to 
hepatitis A exist between the marmoset 
species, with Saguinus mystax being the 
mcst susceptible. In 1973, the CR 326 
strain of hepatitis A virus was isolated 
in $. mystax by Mascoli et al. (Proc. 


Soc. exp. Biol. Med. 142, 276; 1973) 


from naturally occurring outbreaks in 
Costa Rica, and the virus was further 
characterised in the sera and livers of 
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the marmosets (Provost et al. Proc. 
Soc. exp. Biol. Med. 148, 532; 1975). 
By then sensitive serological tests for 
hepatitis A virus and its antibody 
became available and the susceptibility 
of chimpanzees as well as the suscepti- 
bility of a more readily available 
rufiventer-like marmoset designated as 
S. labiatus (also known as Marikina 
labiata, Jacchus rufiventer) was des- 
cribed (Provost et al. Proc. Soc. exp. 
Biol. Med. 155, 283; 1977). 

Using the CR 326 strain of human 
hepatitis A virus passaged five times in 
S. mystax and 26 times in $. labiatus, 
Provost and Hilleman inoculated nor- 
mal liver explant cell cultures obtained 
from S. labiatus with the virus, and 
observed by direct immunofluorescence 
minute fluorescing cytoplasmic gran- 
ules in some of the hepatocyte-like 
epithelial cell outgrowths as early as 8 
days after inoculation. The number of 
the affected hepatocyte-like cells and 
the number of fluorescent granules in- 
creased with time so that when 
cultures were collected on day 23, 75- 
100 % of these cells, but not other cell 
types, contained large numbers of 
granules. There were no cytopathic 
changes. The virus was identified as 
hepatitis A by various techniques in- 


cluding specific immunofluorescence 
blocking, serum neutralisation, im- 
mune adherence haemagglutination 


and radioimmunoassay; and the virus 
was passaged serially five times. Be- 
cause the availability of marmosets is 
very limited, an alternative cell culture 
system was sought. The virus propa- 
gated in primary kidney cell cultures of 
Cercopithicus aethiops (grivet or green 
monkey), but many of the cultures 
contained cytopathic adventitious 
agents of endogenous origin. Con- 
sequently, Provost and Hilleman used 
cultures of fetal rhesus kidney cells 
(designated FRhK6 cell line), which are 
epithelial-like but have only a maxi- 
mum population doubling of 12. Speci- 
fic immunodfluorescence was detected 
in these cells as early as 3 days after 
inoculation and occurred throughout 
the cell sheets during the following 
weeks. Cytopathic changes were not 
observed. The virus was passaged 
serially, the incubation period for de- 
velopment of fluorescence was 
shortened, and there was a larger 
yield in these cells than in the 
liver cell explants. Titration of 
infectivity of the virus collected 
in the fifth and sixth passage 
yielded titres of 10°-10" infectious units 
per ml respectively, and virus in the 
fifth passage collection retained the 
ability to infect S. labiatus marmosets. 
The virus was successfully transferred 
through eight serial passages in which 
the calculated dilution of the original 
inoculum was 2.9 x 1077, 
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The importance and practical signi- 
ficance of this work can be summarised 
as follows: the means may now be 
available for detecting human hepatitis 
A virus in vitro, for preparing large 
quantities of viral antigen for serologi- 
cal tests and for providing a source of 
viral antigen for the preparation of 
vaccines against an important infection 
which is endemic in all parts of the 
world. 

However, answers to several ques- 
tions are still required. Can the virus 
be cultivated from naturally occurring 
strains without adaptation by serial 
passage through susceptible marmosets 
and what is the minimum period of 
adaptation required; can hepatitis A 
virus be propagated in more readily 
available cell lines with longer popula- 
tion doubling times? Provost and Hille- 
man provide a hint that this may be so 
because the virus replicated to a limited 
extent in human diploid lung fibro- 
blasts, which are commonly used for 
the preparation of vaccines. The way 
may thus be open in the near future 
to the effective control of epidemic 
hepatitis. : Le 


Vacancies in nickel- 
aluminium and other 
alloys 


from Robert W. Cahn 


In 1937 the metallurgist A. Taylor 
made a celebrated study of the struc- 
ture of nickel-aluminium alloys; this 
called for great experimental precision, 
and in 1972 he returned to the problem 
and examined it with even greater 
scruple (Taylor and Doyle, J. appl. 
Cryst. 8, 201; 1972). This second study 
may be said to have launched a new 
wave of research on the Ni-Al system 
and its analogues, even though few of 
the most recent protagonists seem to 
be aware of Taylor’s second study. 
Taylor’s experiments centred on the 
alloy B-NiAl, which adopts the very 
simple B2 (CsCl-type) structure: 
nickel atoms at cube corners, alu- 
minium at cube centres. Taylor 
measured macroscopic densities and 
lattice parameters as a function of 
composition, either side of the 50/50 
composition: by putting together the 
two sets of measurements, he was able 
to deduce the destinations of excess 
nickel or aluminium atoms. On the 
nickel-rich side, the extra nickel atoms 
substitute in the usual way for alu- 
minium atoms on the aluminium 
sublattice. The aluminium-rich side, 
however, is quite different: no alu- 
minium substitutes on the nickel sublat- 
tice, instead nickel atoms disappear 
from the nickel sublattice, leaving 
nickel vacancies. For instance, at 45 
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at. % Ni, 18 % of the nickel sites are 
vacant, all of the aluminium sites are 
filled. Such vacancy populations, 
determined by composition and not 
temperature, are distinguished as 
constitutional vacancies. es 

Several other studies showed that 
stoichiometric B~NiAl quenched from 
a high temperature (as opposed to that 
slowly. cooled) contained a high con- 
centration of thermal vacancies; the 
most recently cited figure is 1.08% of 
vacancies at 1,600°C. This is a very 
much larger thermal vacancy concen- 
tration than is found in other metals 
or alloys, even just below the melting 
temperature; so large that on cooling 
the vacancies will separate out into a 
population of voids visible in the elec- 
tron microscope (Epperson et al. Phil. 
Mag. A38, 529; 1978). 50/50 NiAl con- 
taining such vacancies, all on the 
nickel subtlattice, must also contain 
substitutional defects— that is some 
nickel atoms in the aluminium sublat- 
tice, also called nickel antistructure 
atoms—to preserve the overall chemi- 
cal composition: specifically, two 
vacancies must be accompanied by one 
substitutional defect. Such a trio of 
linked defects is now termed a triple 
defect and much recent research has 
centred on this entity. 

In recent years, investigators in the 
US, England and Germany began to 
look for parallels to this curious be- 
haviour in alloy systems isomorphous 
with @-NiAl, and attention soon 
centred on NiGa and CoGa. It became 
clear that these two phases always 
contain triple defects, even when they 
have been cooled slowly to eliminate 
thermal vacancies as far as possible. 
Though there has been some confusion 
in the literature on this point, it is 
‘now adequately clear that the triple 
defects in these alloys at 50/50 com- 
position are indeed wholly of thermal, 
not constitutional origin; it is impos- 
sible to eliminate all thermal defects, 
even by very slow cooling. 

A study of NiGa by Donaldson and 
Rawlings (Acta Met. 24, 811; 1976) 
again made use of measured densities 
and lattice parameters to assess just 
how the concentration of nickel vacan- 
cies and gallium antistructure atoms 
varies with composition. 
these values, they developed an itera- 
tive method of calculation, starting out 
with an arbitrary assumption about the 
number of triple defects at stoichio- 
metry, and refining this value in cycles 
until experimental densities and lattice 
parameters at a range of compositions 
could be matched. (To do this, it is 
necessary to assume a value for the 
relaxed volume of. a nickel vacancy. 
which has to be based on theoretical 
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estimates, and comparison of some re- 
cent papers shows that this is the weak 
link in the chain of theoretical deduc- 
tion.) Donaldson and Rawlings found 
just over 3% of vacancies and half that 
number of antistructure atoms in 50/ 
50 NiGa. At 47% Ni, there are 7% 
vacancies and 0.2%  antistructure 
atoms, while at 54% Ni, the defect 
numbers are 1% and 4.5% respectively. 
The triple defect itself (a 2/1 ratio of 
the two kinds of defect) only exists at 
stoichiometry. Ho et al. (Scripta Met. 
11, 1159; 1977) obtained rather similar 
values, though they do not match 
Donaldson’s and Rawlings’ figures in 
every particular. 

Berner (dissertation, Stuttgart, 1976; 
Berner et al. J. Phys. Chem. Solids 36, 
221; 1975) has found closely similar 
values for defect densities in CoGa. 

The computational problem of deter- 
mining defect concentrations from ex- 
perimental data when both defect types 
are present has now been eased by an 
ingenious application of statistical ther- 
modynamics to the problem. Edelin 
(Acta Met. 27, 455; 1979) calculated 
the relations between composition, de- 
fect concentrations and defect forma- 
tion energies, using merely the 
hypothesis that the formation energies 
for Ga vacancies and antistructure 
atoms on the. Ni (or Co) sublattice are 
so much higher than the energies for 
Ni (or Co) vacancies and antistruc- 
ture atoms on the Ga sublattice that 
the former two defects never appear in 
detectable numbers. Edelin showed 
that the variation of concentration of 
the two defect types, both as a function 
of temperature and as a function of 
composition, was determined by a 
single composite activation energy, Q, 
and Q can be determined directly 
by fitting, for a range of compositions, 
experimental values of density and lat- 
tice parameter to his theoretical equa- 
tions. Further, it appears that when 
fitting is done in this way, the relaxed 
volumes of vacancies and of antistruc- 
ture atoms can be deduced from the 
measurements and do not need to be 
used as assumed input values. (This 
claim seems so remarkable that it de- 
serves critical appraisal by a suitably 
qualified theoretician: it would seem 
to be the first claimed method for 
deductively obtaining relaxed defect 
volumes from experimental data.) 

The claim by Edelin to be able to 
measure the relaxed volumes of defect 
sites is of particular interest because 
it has been established, from diffuse 
X-ray scattering measurements made 
at Stuttgart, that the lattice near a 
vacancy in NiAl or CoGa is severely 
distorted in a [Ill] direction. This dis- 
tortion is of the same type as is found 
in a B > œ phase transformation. Such 
distortions must surely affect the re- 
laxed vacancy volume (Ortiz and Ep- 
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person, Scripta Met. 13, 237; 1979, for 
NiAl; Kirchgartner and Gerold, J. 
appl. Cryst. 11, 153; 1978, for CoGa). 

The composite activation energy, Q, 
found by Edelin for NiGa is 0.29-0.32 
eV per atom and for CoGa, 0.265 eV 
per atom. These very low values ac- 
count for the high thermal defect con- 
centrations found even at stoichiometry 
in these two alloys. Edelin’s method 
has not been used for NiAl (no accurate 
measurements of thermal defect con- 
centrations at stoichiometry being 
available), but Q can be estimated 
from measurements of nickel diffusion 
in NiAl at a range of compositions 
(Hancock and McDonnell Phys. Stat. 
Sol. A4, 143; 1971). On the low-nickel 
side, it is assumed that the measured 
activation energy for diffusion is purely 
that for vacancy migration (because 
there is an abundance of constitutional 
vacancies available); then it is possible 
to compute the formation energy for 
thermal vacancies by subtracting the 
migration energy from the measured 
activation energy for diffusion at 
stoichiometry (where no constitutional 
vacancies exist). This approach gives 
0.70 eV per atom, corresponding to the 
much smaller thermal vacancy concen- 
tration in this alloy. This much higher 
Q value also accounts, by way of Ede- 
lin’s theory, for the virtual absence of 
aluminium antistructure atoms on the 
nickel-poor side in this alloy series, as 
contrasted with NiGa. 

There have been several attempts 
to bypass the density/lattice para- 
meter approach, which makes severe 
demands on experimental accuracy. 
(One difficult problem is to get precise 
densities in view of the presence of 
casting porosity in ingots; Taylor and 
Doyle overcame this by high-pressure 
annealing of ingots, and other investi- 
gators have sought to bypass it by using 
dilatometry instead of Archimedean 
weighing.) An alternative approach is 
to measure thermodynamic activities at 
high temperature and to relate such 
activities to defect concentrations. A 
theory to make this possible has been 
constructed by Neumann, Chang and 
Lee (Acta Met. 24, 593; 1976) and has 
been applied to NiGa (Neumann 
Scripta Met. 11, 969; 1977). The 
vacancy concentrations in NiGa alloys 
deduced from activity values are con- 
siderably lower than those obtained by 
the conventional method with quenched 
samples, but a very recent paper (Neu- 
mann and Chang Z. Metallkde. 70, 
118: 1979) shows that if allowance is 
made for loss of vacancies during 
quenching, then agreement is better. 
Nevertheless, it does seem that there 
must be some residual error in Neu- 
mann’s statistical thermodynamics, 
and one possible source of such error 
is the tacit assumption that vacancies 
and antistructure atoms are randomly 
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disposed. Delavignette, Riche! and 
Amelinckx (Phys. Stat. Sol, A 13, 545; 
1972) have adduced electron-micro- 
scopical evidence pointing to such order 
among the vacancies in hypostoichio- 
metric NiAl, and Reynaud (J. appl. 
Cryst. 9, 263; 1972) has evidence sug- 
gesting ordered antistructure atoms in 
hyperstoichiometric NiAl Any short- 
range order among defects would have 
a considerable effect on thermodyna- 
mic activities. The recently observed 
anisotropre distortion around vacan- 
cies, already cited, with its associated 
stress field, could also affect activities. 
The activity method is therefore sus- 
pect, but it must be admitted that 
substantial order or lattice distortions 
could introduce errors into the den- 
sity/lattice parameter method as well. 

Surprisingly little attention has been 
paid to the question why B~NiAl, NiGa 


and CoGa form defect structures at 
all. For instance, Massalski and Mizu- 
tani, in their survey of electronic struc- 
tures of Hume-Rothery phases (Prog. 
Mater. Sci. 22, parts 3/4; 1978) make 
no reference to these phases. Taylor 
and Doyle (oc. cit.) point out that the 
electron/atom ratio remains strictly 
constant at 3/2 from 50/50 NiAl to the 
phase boundary on the aluminium-rich 
side (where there are only 1.75 atoms 
per cell), and they assume this feature 
to govern the introduction of vacancies. 
The question then arises why other 
isomorphous alloy series such as Ni- 
Zn or Co-Be do not behave in this 
way. Machlin (Seripta Met. 13, 123; 
1979) has made an ingenious approach 
to this question by suggesting that the 
self-energy of the B (non-transition) 
component may be lowered by a reduc- 
tion in the number of bonds between 


Interferons and inducers in vivo 


from Nowell Stebbing 


Mucw is known about the mode of 
action of the interferons at the mole- 
cular level (Friedman Bact. Rev. 3, 
543; 1977), and intensive effort is being 
devoted to investigations of their struc- 
ture and the cloning of the requisite 
genes. Although less attention has 
focused on the factors necessary for 
interferons to be effective in the treat- 
ment of virus infections, reports are 
now beginning to demonstrate the im- 
portance of host factors. The most 
recent such report (Shellekens er al. 
Nature 278, 742; 1979) shows that in- 
terferon (from human leukocytes) is 
protective in monkeys against infec- 
tion with a strain of vaccinia virus that 
does not respond to interferon in cul- 
tured cells. (The same cell lines are 
protected by the interferon against 
‘infection with vesicular stomatitis 
virus.) These results indicate that, in 
vivo, leukocyte interferon at least, has 
anti-viral effects by means other than 
the known molecular mechanisms. In 
view of the diversity of interferons in 
terms of immunological differences and 
cellular origin, it will be important to 
determine whether other interferons 
behave similarly, before these observa- 
tions can be generalised. However, it is 
possible that the known molecular 
effects of interferons do not contribute 
directly to their anti-viral effects in 
vivo in any situation. Even when an 
interferon does inhibit virus replica- 
tion in cell cultures, anti-viral effects 
in whole animals may be due entirely 
or in part to properties of particular 
cells of the host. Clearly, the anti-viral 
effects of interferons against infections 
of fibroblasts in culture should not be 
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extrapolated to treatments of whole 
animals, although this has been done 
for many years. 

The issue of whether interferon in- 
ducers have anti-viral effects by means 
other than or additional to known 
molecular mechanisms has been highly 
contentious. Non-interferon-mediated 
anti-viral effects of polynucleotides have 
always been a possibility and claims that 
interferon induction is the sole mech- 
anism of action have generally ignored 
the ‘fact that such claims require 
quantification: It is necessary to know 
the extent to which observed anti-viral 
effects are due to interferon induction. 
It is now apparent that quantification 
by extrapolation from tissue culture 
studies is misleading. The most recent 
evidence in favour of interferon as the 
sole mediator of the anti-viral and anti- 
tumour effects of the double-stranded 
polynucleotide interferon inducer, 
poly(L)-poly(C), is that of Gresser er al. 
(int. J. Cancer 21, 72; 1978). They 
demonstrated that anti-mouse inter- 
feron serum raised in sheep abolished 
the antiviral and anti-tumour effects 
of polv(1):poly(C) administered to mice. 
However, mice treated with an anti- 
interferon serum, without simultaneous 
poly(1)-poly(C) treatment, died earlier 
from virus infection than control mice 
and therefore the anti-serum may pri- 
marily affect virus- rather than 
poly(D-poly(C)-induced interferon. For 
such reasons it remains possible that 
poly(D)-poly(C) has anti-viral and anti- 
tumour effects in addition to interferon 
induction. 

Depletion of macrophages in mice 
obliterates the anti-viral effects of crude 
(macrophage) interferon and decreases 
the anti-viral effects of purified fibro- 
blast interferon (Stebbing et al. Inf. 
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B and transition metal atoms, result- 
ing from the presence of transition 
metal vavancies adjacent to some B 
atoms. He is able to show that on this 
hypothesis, constitutional vacancies 
should be stabilised only for trivalent 
B metals, such as Al or Ga, and this is 
in accord with observation, There is 
scope for further theoretical treatment 
of the reasons for the formation of 
constitutional vacancies. 

Clearly NiGa and CoGa in particu- 
lar are ideally suited as test materials 
in which the predictions of precise 
statistical thermodynamics applied to 
defect populations can be compared 
with experimental observations. They 
are probably the best metallic materials 
for such comparisons, free of the com- 
plications arising from the need for 
charge neutrality which are unavoid- 
able with ionic crystals. (J 


Immun. 19, 5; 1978). Moreover, inter- 
feron and interferon inducers (Gidlund 
et al. Nature 273, 759; 1978: Herberman 
et al. Cancer Treatment Reps 62, 1893; 
1978) are known to increase natural 
killer cell activity, implying that 
activities of these cells may be im- 
portant for in vivo efficacy of inter- 
ferons. Thus particular cell populations 
in whole animals seem to be decisive 
in determining the anti-viral and anti- 
tumour effects of interferons, and 
further work on the nature of their 
involvement would seem important for 
several reasons. It will of course be 
fascinating, to determine whether and 
in what ways the known molecular and 
cellular effects of interferons contri- 
bute to anti-viral and = anti-tumour 
effects in vivo. In addition, clinical 
potential can only be determined by 
clinical studies whatever the theoretical 
arguments. However, it seems likely 
that the natural or induced immuno- 
suppression associated with particular 
diseases could limit the efficacy of 
interferon therapy. The disappointment 
of negative results in clinical trials 
might be avoided by considering the 
state of cell populations necessary for 
in vivo efficacy of the interferon being 
tested. There is also the possibility of 
devising means of directly eliciting cell 
mediated anti-viral effects by short- 
circuiting the interferon mechanism. 
Although interferon induction has 
generally been considered the means 
whereby polynucleotides have anti- 
viral and anti-tumour activity, other 
means are now apparent whereby even 
double-stranded polynucleotides could 
inhibit virus replication, for example 
by direct inhibition of protein synthesis 
(Levin & London Proc. natn. Acad, 
Sci. U.S.A. 78, 1121; 1978; Kerr & 
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Brown Proc. natn. Acad. Sci. U.S.A. 
75, 256; 1978) possibly by means of a 
nuclease which degrades viral mRNA 
(Baglioni et al. Nature 273, 684; 1978). 
The last possibility provides a mech- 
anism for interfering with virus repli- 
cation in a manner related to that of 
interferons and their inducers but 
without actual production of interferon. 
The anti-viral effects of single-stranded 
polynucleotides which do not induce 
interferon may occur by this means or 
by mimicking strategic nucleotide 
sequences in viral RNA (Stebbing et 
al. Ann. N.Y. Acad. Sci. 284, 682: 
1977). It is noteworthy that early 
Studies on interferon induction by 
polynucleotides involved largely single- 
stranded RNAs (Isaacs er al. Lancet ii 
113; 1963; Rotem et al. Nature 197, 
564; 1963) and that two separate mech- 
anisms may have been involved in the 
overall anti-viral effect obtained. 
Induction of interferon was certainly a 
factor but independent more direct anti- 
viral effects may also have been 
involved. LJ 


Flattening of 
Uranus and Neptune 


from David W. Hughes 
PLANETARY flattening or oblateness, e, 
is defined as the difference between the 
„equatorial. and polar radii divided by 
the equatorial radius. It is not an easy 
quantity to ‘determine especially in the 
case of the outer planets. The flattening 
can be obtained geometrically by using 
for example a double image micro- 
meter in the focal plane of a large 
telescope or by the analysis of the iso- 
photes of the image of the planet 
4: obtained from spacecraft photographs. 
It can be measured dynamically by 
observing the orbital perturbations of 
the inner satellites of the planet in- 
duced by its unsymmetrical mass dis- 
tribution, calculating Js, the quadruple 
moment of the gravitational field and 
using the simple relationship between 
this quantity and the flattening e. 
Unfortunately if we take the fairly 
typical case of Uranus, the inner satel- 
lites Miranda, Ariel and Umbriel form 
a system with near commensurability 
of mean motions, a state of affairs that 
results in important mutual perturba- 
tions. 

A. H. Cook of the Cavendish Labora- 
tory, University of Cambridge, reviews 
recent observations of e in the light of 
the new determinations of the spin 
periods of the planets and shows that 
“some of the values obtained for e are 
implausible to say the least. His con- 
clusions are presented in a recent 
edition of the Monthly Notices of the 
Royal Astronomical Society (187, 39P; 
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1979). 

For a planet in hydrostatic equili- 
brium the product C/Ma’, where C is 
the moment of inertia about the polar 
axis, M is the mass and a is the radius, 
must be between specific limits. This 
quantity is 04 if the planet is of 
uniform density and drops to 0 for an 
extreme central condensation. 

Unfortunately the present day values 
obtained for the dynamical properties 
of Uranus and Neptune are confusingly 
diverse. For Uranus, recent measure- 
ments of the spin period give two in- 
consistent values, one about 24h and 
the other about 14.5 h. There are two 
values for Neptune as well, one about 
22h and the other about 18.5h. 
Inconsistent values have been found 
for one or both planets for e and Jz 

Cook then considers all possible com- 
binations. of the observed parameters to 
see which if any can be rejected due 
to the physical unreality of the value 
of C/Ma so produced. The central 
pressures of Uranus and Neptune are 
comparable with those of the Earth, 
however the mean molecular weights 
of the material in these planets are less 
and the material is more compressible. 
Cook concludes that these planets have 
C/Ma_ values which are definitely 
greater than 0.25 and probably in excess 
of 0.3. On this basis both the values 
obtained for the geometrical flattening 
of Uranus, 0.028 and 0.01, are in- 
admissable. It is not possible to decide 
between the three J) values of 0.00343, 
0.005 and 0.012. For Neptune the £ and 
J, values both support the lower spin 
period of 18.5 h. 

To resolve this sorry state of affairs 
the astronomical community must be 
stimulated into taking new observa- 
tions. Unfortunately, as is so often the 
case, the best place to take these 
observations is outside the distorting 
a‘mosphere of planet Earth. C 


More spots before 
the eyes 


from E. G. Richards 


TREATMENT of Escherichia coli DNA 
with EcoRI restriction enzyme results 
in an estimated 500-600 fragments of 
DNA differing first in their molecular 
size and second in their base com- 
position and sequence. If such a digest 
is examined by electrophoresis in aga- 
rose, a technique which separates DNA 
according to molecular size, a relatively 
featureless pattern is obtained, for the 
resolving power of the method is in- 
sufficient to resolve such a large num- 
ber of components. How useful it 
would be, however, if this were 
possible. 

Fischer and Lerman (Cell 16, 191; 
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1979) have recently described a two- 
dimensional electrophoretic method 
which approaches this ideal. They start 
with the observation that a mixture of 
urea and formamide—both non-ionic 
substances—can denature DNA. That 
is to say, if the concentration of these 
denaturants is increased, a point is 
reached at which the DNA wholly or 
completely ‘melts’. This critical con- 
centration depends on the temperature, 
occurring at a lower concentration the 
higher the temperature, and also on the 
base composition and sequence, albeit 
in a complicated way. 

In their first experiment Fischer and 
Lerman applied a sample of an EcoR1 
digest of A phage DNA, containing six 
fragments, along the top of a slab poly- 
acrylamide gel and subjected it to 
electrophoresis downwards. They had, 
however, arranged that the gel con- 
tained a gradient of concentration of 
urea and formamide in a direction per- 
pendicular to the direction of migration. 
After electrophoresis they observed that - 
in the part of the gel where denaturant _. 
concentration was low the six frag- — 
ments were resolved according to 
molecular size and moved with a velo- 
city almost independent of. denaturant 
concentration. On the other hand, on 
the high-concentration side of the gel 
the components moved with a velocity 
reduced by a factor of 20 or 30 and 
remained near the top of the gel. At 
intermediate parts of the gel where the 
denaturant concentration took inter- 
mediate values, the components moved 
with intermediate velocities. The result 
was that the zone of DNA correspond- 
ing to each fragment was distorted into 
a sigmoidal curve resembling a ‘melting 
curve’. Corresponding to each fragment 
there was a critical denaturant con- 
centration at which the mobility fell to 
a low value and at which partial or 
complete denaturation took place. This 
critical concentration varied from one 
fragment to another and no doubt 
depended on the composition and 
sequence of the fragment, If the tem- 
perature at which the gel was main- 
tained was reduced (from 60°C to 
45°C) this critical concentration in- 
creased as expected. It may be noted 
that this simple description was slightly 
complicated for one or two fragments 
by the presence of more than one step 
in the ‘melting curve’, a phenomenon 
probably associated with the denatur- 
ation of separate domains of the DNA 
at different denaturant concentrations. 

These observations are certainly en- 
tertaining but not of great apparent 
importance. This importance, however, 
is provided in the next and crucial stage 
of Fischer and Lerman’s work when 
they rotated the denaturant gradient 
through 90° so that the concentration 
of urea and formamide increased in the 
direction of migration. They then ob- 
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served that each fragment set out on 
its passage down the gel with a velocity 
corresponding to its mobility in the 
native state. Sooner or later, however, 
each fragment reached a point in the 
gel at which it denatured and its 
mobility was reduced to a low value. 
At that point it came (almost) to a halt 
and was, as an added bonus, sharpened. 
A fragment came to a halt at a point 
which was not correlated with its size 
so that zones which were initially faster 
might be overtaken by larger and 
slower fragments if these were the more 
Stable. The result was that the frag- 
ments were sorted out into the order of 
their stability rather than of their size. 

The final step was then to perform 
an initial separation of the fragments 
in agarose to obtain a separation on 
the basis of size and then to lay a strip 
of the resulting agarose gel on top of a 
slab polyacrylamide gel and subject the 
separated fragments to electrophoresis 
in a direction perpendicular to the first 
and into a denaturant gradient. The 
result was six well separated spots dis- 
tributed over the area of the slab. That 
is to say they were distributed in the 
two-dimensional electropherogram ac- 
cording to molecular size in one 
direction and according to stability in 
the other. 

They then applied the method to an 
EcoR1 digest of E.coli DNA and 
resolved up to 350 discernible spots. 
The authors suggest that further 
improvements in the sensitivity of 
detection might result in the appear- 
ance of more spots and point out that 
their method is capable of considerable 
further refinement. Meanwhile the 
significance of the method is demon- 
strated by the detection of four spots 
unique to a digest of lysogenic A 
lysogen of E.coli which were not 
observed in uninfected E.coli DNA. 
Two of these corresponded in position 
to the spots obtained with A phage 
DNA alone. 

Meanwhile a rather similar trick was 
used by Creighton (J. molec. Biol, 128, 
235; 1979) in a study of protein dena- 
turation. He subjected various proteins 
to electrophoresis perpendicular to a 
urea gradient in a slab polyacrylamide 
gel. He observed that although the 
mobility of these changed slowly as the 
concentration of denaturant was 
increased, possibly due to the effect of 
the urea on the viscosity of the inter- 
stitial fluid in which the proteins 
migrated, they underwent a more 
pronounced decrease in mobility at a 
critical concentration of denaturant at 
which denaturation took place. Creigh- 
ton gives a mathematical appendix in 
which he analyses the distribution of 
protein in these sigmoid shaped zones 
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in terms of the mobilities and rates of 
denaturation and renaturation of the 
protein. Using this technique, he 
obtains further evidence of the all or 
none character of the denaturation of 
severa] proteins and in others of more 
complicated occurrences. 

These two papers demonstrate again 
the remarkable versatility of gel 
electrophoresis without which life 
would be much less exciting to mol- 
ecular biologists. It makes me wonder 
what the next jelly trick will be. © 


Pattern formation in 
chick limb bud 


from Jonathan Slack 

SoME biologists believe that a problem 
is as good as solved as soon as the right 
animal has been found with which to 
work, and in research on biological 
pattern formation the limb buds of the 
chick embryo have become a favourite 
system for study. In an organ such as 
this it is immediately clear that spatial 
patterning presents a problem separate 
from that of cell differentiation. This 
is because the limb consists of only a 
few cell types (muscle, cartilage, bone 
and connective tissue) but is built up 
of a complex quasi-periodic arrange- 
ment of these components in three 
dimensions, and the mechanism which 
brings about this arrangement demands 
explanation. A glimpse at the difficul- 
ties involved is provided however, by 
two recent papers in the Journal of 
Embryology and Experimental Mor- 


phology, which report attempts to test 


two of the most influential recent mo- 
dels (Wolpert, Tickle and Stampford 
J. Embryol. exp. Morph. 50, 175; 1979; 
Summerbell ibid, 217; 1979), 

The chick limb develops on the basis 
both of cell lineage and of intercellular 
interactions. The cells which form the 
myofibrils of the muscles are derived 
clonally from the somites, and the cells 
which form all the other tissues are 
derived from the lateral plate meso- 
derm (Chevallier, Kieny and Mauger 
J. Embryol. exp. Morph. 41, 245; 1977). 
But the spatial pattern of both muscle 
and non-muscle elements seems to be 
controlled during outgrowth of the bud 
by additional mechanisms which act 
independently along each of the three 
morphogenetic axes (proximodistal, 
from the shoulder to the fingertips; an- 
teroposterior, from thumb to little 
finger, and dorsoventral, from the up- 
per to the lower surface of the limb). 

Recent work on the formation of 
pattern in the proximodistal axis has 
been dominated by the progress zone 
model of Summerbell, Lewis and Wol- 
pert (Nature 244, 492: 1973). Accord- 
ing to this model, the cells within 200- 
300 um of the tip of the limb bud con- 
stitute a labile region within which 
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some metabolic variable called the 
positional value rises continuously. Be- 
cause the whole bud is growing, the 
rate of cell division being particularly 
high near the tip, cohorts of cells are 
being displaced continually from the 
progress zone, and when they leave the 
zone their positional value becomes 
frozen. The subsequent development of 
each cell then depends both on its 
ancestry (muscle or non-muscle) and 
on its positional value. This is the 
‘weak’ form of the model. There is 
also a ‘strong’ form which asserts that 
the positional value of a cell in the 
progress zone is equal to the number 
of cell divisions through which it has 
passed since the commencement of 
outgrowth, and that the nth skeletal 
element in the final limb consists of a 
cohort of cells which all underwent n 
divisions in the progress zone. 

The original experimental basis of 
this model involved grafting the tips of 
wing buds onto stumps of different 
ages. This led to a controversy between 
the laboratories of Wolpert in London 
(Nature op. cit.) and Kieny in Gren- 
oble (Kieny and Patou Roux’ Arch, 
179, 327; 1976; J. Embryol. exp. Morph. 
41, 137; 1977). The former group 
claimed that in these combinations 
each part developed according to its 
normal fate map (mosaic development) 
while the latter group claimed that 
deficiencies or excesses resulted in a 
reprogramming of the tissue and a re- 
establishment of the normal pattern 
(regulative development). When war 
between Britain and France seemed 
inevitable, the deadlock was broken by 
the dispatch of Summerbell to repeat 
the experiments in Grenoble. In the 
resulting concord (J. Embryol. exp. 
Morph. 41, 137; 1977), both groups 
accepted that regulation occurs up to 
stage 22 but not later. At this stage of 
development the progress zone occupies 
a large proportion of the bud and so 
the existence of some interactions is 
not incompatible with the model. 

This removed the strongest objection 
to the progress zone model, but all 
embryologists know that a demonstra- 
tion of mosaic behaviour is not suffi- 
cient to prove a positive point because 
all theories of pattern formation in- 
volve a mosaic phase in between the 
time at which rudiments are first estab- 
lished and the time at which they be- 
come visibly differentiated. So a quite 
different type of experiment has been 
carried out in Wolpert’s laboratory and 
the results are now reported (J. Em- 
bryol. exp. Morph. 50, 175; 1979). Chick 
wing buds were subjected to a dose 
of X-irradiation sufficient to kill a cer- 
tain proportion of their cells and the 
irradiated buds were allowed to develop 
after transplantation to healthy em- 
bryos. In the resulting limbs the 
proximal parts were reduced or absent 


© Macmillan Journals Ltd 1979 


584 


while the distal parts were well formed. 
The more intense the dose of radiation 
the greater the extent of the affected 
region. This is explained by arguing 
that the radiation kills a certain frac- 
tion of cells throughout the bud. Rudi- 
ments which are laid down shortly 
after irradiation are reduced in size for 
two reasons: first because a proportion 
of their cells has been killed, and 
second, because displacement from the 
progress zone is slowed down by the 
reduction in the proportion of dividing 
cells more distally. Because only the 
surviving cells proliferate, the progress 
zone eventually becomes repopulated 
by healthy cells and so the rudiments 
which leave the zone last, which are 
the most distal parts, develop to their 
normal size. 

Does this work provide support for 
the progress zone model? It does indi- 
cate that the rudiments of the limb are 
laid down in proximodistal sequence, 
and that at a given stage the proximal 
part of the bud is a mosaic while the 
distal part is still labile, so to this ex- 
tent it is compatible with the model. 
But it does not seem to me to have 
any bearing on the mechanism of gen- 
eration of positional values in the 
rudiments. In particular it does not 
connect positional values with the cell 
cycle, for the sequence of divisions 
undergone by the surviving cells is pre- 
sumed to be normal. So I think that it 
would be wrong to conclude that any 
evidence has been produced in favour 
of the strong form of the progress zone 
model. 

Let us now turn our attention 
through 90° and consider the antero- 
posterior axis of the bud. The mechan- 
ism of pattern formation in this axis 
seems to be somewhat different from 
that in the long axis. There is a zone 
of tissue at the posterior edge of both 
the wing and the leg bud which is 
called the zone of polarising activity 
(ZPA). It is so called because when it 
is grafted to the anterior edge, it in- 
fluences the surrounding tissues and 
causes them to form a second set of 
limb structures which are arranged in 
a relation of mirror symmetry to the 
original set (Saunders Ann. N.Y. Acad. 
Sci. 193, 29; 1972). It has been sug- 
gested that the ZPA is the source of a 
morphogen that can diffuse into the 
other parts of the bud and is there des- 
troved. In the steady state situation 
the morphogen would be present as a 
gradient of concentration running from 
posterior to anterior and its function 
would be to evoke different pathways 
of cell differentiation at different levels 
(Tickle, Summerbell and Wolpert 
Nature 254, 199; 1975). Some progress 
has been reported towards the chemical 
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isolation of the putative morphogen by 
McCabe and Parker (Dev. Biol, 45, 
349: 1975: ibid 54, 297; 1976). Because 
this is probably the best analysed 
example of a morphogenetic gradient 
in the whole of embryology it was with 
some dismay that workers in the field 
listened to the talk given by Saunders 
at a meeting of the British Society of 
Developmental Biology in September 
1976. For Saunders, who had discovered 
the ZPA in the first place, claimed at 
the meeting that it had no function 
at all in normal development. One 
argument in favour of this position was 
that buds whose ZPA had been re- 
moved at an early stage could go on 
to produce limb structures which, 
although often incomplete, were ar- 
ranged in the normal manner (Fallon 
and Crosby J. exp. Zool. 193, 449; 
1975). The other was that tissue other 
than the ZPA, for example flank meso- 
derm or mesonephros, could show the 
same activity, indicating that the pro- 
perty is not very specific. 

To counter these objections to the 
morphogen model, Summerbell has 
now reported an experiment designed 
to demonstrate the activity of the ZPA 
in situ without the need to graft it to 
an unnatural position (J. Embryol. exp. 
Morph. 50, 217; 1979). This is done by 
inserting a small piece of tantalum foil 
into the bud at right angles to the 
anteroposterior axis so as to interrupt 
the transmission of any signal. In the 
limbs which develop after this opera- 
tion structures are usually present only 
on one side of the barrier and when the 
barrier is placed near the centre of the 
bud the sequence of structures is trunc- 
ated in the anteroposterior direction. 
The explanation for this is that the 
concentration of morphogen rises on 
the side of the barrier nearer the ZPA 
and falls on the side away from it. So 
a structure which is formed in response 
to a particular morphogen level will be 
deleted if its threshold hes in the con- 
centration gap or will be shifted to- 
wards the barrier if it is still repre- 
sented in the interrupted gradient. 
Summerbell produces computer simula- 
tions to demonstrate the reasonable- 
ness of this argument, and also 
describes a control experiment which 
shows that the gaps in the pattern are 
not simply the result of damage caused 
by insertion of the barrier. In many 
ways the logic and the results of this 
experiment are similar to those of con- 
striction experiments on insect eggs 
(reviewed by Sander Adv. Insect 
Physiol. 12, 125; 1976) which are also 
believed to indicate the existence of a 
morphogen gradient with a high point 
at the posterior end. 

It would certainly be unfortunate if 
the ZPA did not have a role to play 
in normal development because it has 
now been detected in the limb buds of 
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mammals, reptiles and amphibia as 
well as birds and has found its way into 
a number of textbooks. But plausible 
though it is, it is difficult to see how 
the morphogen gradient model can be 
proved conclusively by macroscopic ex- 
periments alone, and whether the chick 
embryo limb bud will be capable of 
supporting the investigations down to 
the microscopic level of cellular phy- 
siology and biochemistry still remains 
to be seen. g 





A hundred years ago 


On the night of Sunday, May 25, loud 
belHowings were heard by the dwellers 
on the northern slopes of Etna. To- 
wards the morning of the 26th these 
increased, and about midday a dense 
cloud of smoke was seen to issue from 
the side of the mountain below the 
great crater, apparently half way be- 
tween Randazzo and Linguaglossa. 
This cloud increased, and on the 27th 
the mountain was rendered invisible, 
and an effect like that of an eclipse 
resulted. A rain of fine black ash, “Hke 
powdered emery,” fell for miles 
around, and was so thick that Capo 
di Schiso could not be seen from 
Taormina, distance of two miles. This 
black rain continued all day ac- 
companied by thundering noises from 
the mountain. No exact information 
could be procured concerning the 
position of the centre of disturbance, 
because no one could approach the 
new craters. During the night of the 
27th the ashes continued to fall, and 
“huge fires could be seen looming 
through the black clouds’-—no doubt 
the reflection of the molten lava on 
the smoke above it. It was reported 
in Piedemonte, a village on the north- 
east flanks of Etna, that three craters 
about a mile apart had opened at the 
points of a triangle, about six miles 
above Passo Pisciaro, a posting station 
nearly midway between Randazzo and 
Linguaglossa. Lava was said to be 
flowing in a valley to the north of the 
Val del Bove. On the 28th a great 
stream of lava was seen from Taor- 
mina to be descending the mountain 
in the direction of Randazzo, “while 
from the new craters great balls of fire 
were thrown high in the air, and burst 
into showers of fire like gigantic 
rockets, accompanied by thundering 
explosions.” On May 29 the lava was 
still flowing, but the shower of ash 
was diminished. The facts, as above 
stated. were witnessed by an English- 
man living in Taormina, 800 feet above 
the sea, at the north-eastern termina- 
tion of the flanks of Etna, about fifteen 
geographical miles from the new 
craters, 


From Nature 20, 12 June, 158; 1979. 
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THE last decade has seen a revolution in the theory of weak 
interactions. Previously, a phenomenological prescription 
allowed the successful correlation of a large amount of data 
concerning nuclear B-decay and the decays of long lived ele- 
mentary particles (muon, pion and the so-called strange par- 
ticles) as well as neutrino-induced reactions and muon capture 
by nuclei. All these processes could be attributed to a simple 
interaction, the self-coupling of a single ‘charged current’. 
However, the theory remained phenomenological in the sense 
that processes involving multiple weak transitions, or the inter- 
play of weak and electromagnetic interactions, could not be 
calculated. In contrast, purely electromagnetic processes have 
long been understood; the theory permits the calculation of 
effects to any order in the electromagnetic coupling once the 
value of electric charge has been specified. 

The new developments in weak interactions have resulted in 
the elaboration of a theory with a calculational power’ equal to 
that of quantum electrodynamics. However, while measure- 
ments of electromagnetic processes have confirmed the theory 
to as many as six orders in the coupling constant, it is extremely 
difficult to test weak interaction theory beyond the lowest order. 
This is because the coupling is indeed weak, and higher order 
effects are generally beyond the limits of experimental precision. 
There are some measurable effects involving K-mesons which 
are forbidden at lowest order in the weak coupling and therefore 
measure directly the strength of higher order transitions. 
However, the interpretation of these phenomena is clouded by 
the effects of strong interactions. 

Although they lack a laboratory for direct tests of the cal- 
culational power of the theory, most particle physicists are, 
nevertheless, convinced that they are on the right track. This is 
because the construction of the theory required the introduction 
of new interactions in the lowest order and of new elementary 
particles, neither of which had been observed. The spectacular 
confirmation of these predictions form the basis for the present 
confidence that there is at last a true theory of weak interactions. 
This article will deal with these new phenomena in so far as they 
are relevant to neutrino physics. 


Neutral currents 


The weak transitions observed before 1973 could all be attri- 
buted to a mechanism involving the transmission of one unit of 
electric charge. This concept is best visualised in terms of pairs of 
elementary fermions such as the electronic leptons (e”, v,), the 


G028-0836/79/0279-—-0585$01.00 


muonic leptons (u`, v,), the lightest quarks (u, d), and the 
corresponding pairs of antifermions. The members of each pair 
differ by one unit of electric charge, and ‘charged current’ 
processes are those in which charge is exchanged between pairs 
as, for example, in neutrino induced inverse muon decay: 


vute mu +p, (1) 


or in neutrino induced reactions involving hadrons, which are 
ascribed to a charge exchange reaction on quarks, the presumed 
constituents of hadrons: 


v, +td>u` +u (2) 


The neutral current counterparts of reactions (1) and (2) would 
be, for example: 


v, te ep, tE (3) 
vy, tdr, +d 
(4) 
v, tue, tu 


Reactions (3) and (4) were long believed to be absent at lowest 
order in the weak coupling. However, the occurrence of reaction 
(1) and its inverse implies that reaction (3) should also occur via a 
doubly weak transition 


vate >u +v >r, +e” (5) 


although at a much lower rate, since the rate for reaction (1) is 
already very small. The difficulty in constructing a real theory for 
weak interactions was that if one tried to calculate the rate for 
reaction (5) it turned out to be infinite. 





Fig. 1 Inverse muon decay as mediated by a weaky coupled 
massive vector boson. 
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The problem is that one must sum over all intermediate (u~ ve) 
states in reaction (5), including those that violate energy 
conservation up to an amount allowed by the Heisenberg 
uncertainty relation AE <h/r where 7 is the interaction time. 
As far as we know from experimental results, the weak inter- 
action is ‘point-like’. That is, it has zero range and is instan- 
taneous. That means that intermediate states of infinite energy 
contribute to reaction (5) with no damping, and the sum does not 
converge. This problem is avoided by introducing a finite space- 
time extension for the weak interaction, which is consistent with 
the data as long as the range introduced is shorter than distances 
which can be probed by present experiments. In quantum field 
theory the range of an interaction is governed by the mass of the 
mediator field: in quantum electrodynamics the mediator is the 
massless photon and hence the interaction range is infinite. For 
weak interactions the mediator must be sufficiently massive so 
that the effects of a non-zero range (r ~ r/c ~ h/ mc’) are beyond 
the reach of present experiments. For the conventional charged 
current interactions, Fig. 1, the presumed mediator is a charged 
vector boson W*, and its mass must be greater than about 
20 GeV c”. 

The introduction of the charged bosons W* suffices to damp 
high energy contributions (AE = mwc?) to the sum over inter- 
mediate states in reaction (5). At the same time we acquire new 
weak processes like the production of a pair of charged bosons 
via the exchange of a lepton, Fig. 2: 


v, +E, > Wt +W (6) 


While the Ws must be so massive that their production would be 
difficult at present energies, we can consider higher order pro- 
cesses like 


v, tP >W AW >p, +0, (7) 


again involving a sum over all energies of the intermediate W~W 
system. Now a new difficulty arises. Experimental studies of 
weak processes have demonstrated that the intermediate boson 
must carry one unit of intrinsic angular momentum (spin), like 
the photon. However, unlike the photon the W is massive and 
therefore has three degrees of freedom instead of two. The 
amplitude for production of longitudinally polarised Ws grows 
with energy like E/mwc’, so that the sum over intermediate 
states is not damped in spite of the space-time extension of the 
interaction in Fig. 2. 





Yu 


Fig. 2 Charged current muon exchange mechanism for vv, > 
ww. 


We are left with a situation where a manageable theory of 
weak interactions cannot be constructed without introducing 
new processes which can interfere destructively with that of Fig. 
2, so as to eliminate the high energy contributions to the sum in 
reaction (7). The simplest possibility’ “and the one apparently 
chosen by nature—involves the introduction of a massive, elec- 
trically neutral spin-1 intermediate boson, the Z°, which couples 
both to the elementary fermions (quarks and leptons) and also to 
the charged intermediate bosons. Then the mechanism of Fig. 3 
can interfere destructively with that of Fig. 2, provided the 
coupling constants are suitably adjusted. Similar analyses of 
scattering processes involving charged fermions show that they 
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Fig. 3 Neutral current Z° exchange diagram for »,?,, > W'W7 
which can cancel Fig. 2 to damp the reaction at high energy. 


must also couple to the Z", but with a coupling strength that 
depends on their electric charge. This is because, for example, 
the process 


e*+e WtW 


can also occur via photon exchange, Fig. 4a, and it is the sum of 
the three mechanisms of Fig. 4 which must cancel at high 
energies. 

The above arguments mean that the couplings of the Z° are 
tightly constrained in terms of the known charged current and 
electromagnetic couplings. The Z° couples to a fermionic cur- 
rent which is an admixture of a part derivable from the charged 
current, involving only left-spinning fermions and right-spin- 
ning antifermions (that is a V-A current), and a part which is 
identical in structure to the (spin independent) electromagnetic 
current. The relative strengths of these two components 
depends on the relative strengths of the W~ coupling constant g 
and the electromagnetic charge e. Since low energy charged 
current reactions measure only the effective Fermi coupling 
constant, 

2 


Gr 8 


= = 10°°/m?2 (8) 
V2 8m j 


(where m, is the mass of the proton), the theory is characterised 
by an unknown parameter which is commonly phrased in terms 
of a ‘weak angle’ @,: 


sin 0, = e/g (9) 


The current coupled to the massive neutral boson Z° is then 
decomposed according to 

J%=J°™ +sin? oJ, (10) 
where J®™ is the electromagnetic current and J’ is the neutral 
counterpart of the charged currents. At low energies, exchange 
of a massive Z° will appear as the point like self coupling of the 
current (10), generating transitions like (3) and (4). 

Such processes were first observed’ in 1973, only after their 
theoretical importance was realised, and provided an incentive 
for intensive searches. They had not been observed earlier 
because of the inherent experimental difficulties. Charged cur- 
rent transitions were extensively studied in decays long before 
neutrino experiments became feasible. A decay process which 
can occur via neutral currents, for example a nuclear transition 
with (e*e”) rather than (ev) emission, is completely masked by 
the much faster electromagnetic transitions. (This is not the case 
for strangeness-changing decays which we will discuss later; in 
fact it was the failure to observe neutral current transitions in 
strange particle decays which led most particle physicists to 
assume that only charge changing weak processes were present 
in nature.) After about 10 years of accelerator neutrino physics, 
neutral current reactions remained hidden. Neutrino scattering 
from electrons as in reactions (1) and (3) has a tiny cross-section 
compared with neutrino scattering from hadrons, and without 
the final state muon which signs the neutrino hadron scattering 
process (2), the analogous neutral current process (4) remained 
buried under neutron-induced background reactions. 
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Since their discovery’ by the Gargamelle bubble chamber 
collaboration at CERN, neutrino-induced neutral current reac- 
tions have been studied in great detail®. The neutrino—hadron 
reactions which we have written in terms of the simple quark 
transitions (4) is translated in the laboratory to the very complex 
neutrino—nucleon interactions 


va tN >v, +X (11) 


where N is a neutron or a proton and X is any allowed hadronic 
final state, from a single nucleon to a multi-particle system. 
Studies of a variety of final states have been carried out for both 
neutrino and anti-neutrino induced reactions. Experiments 
have also been performed to study the rarer v,e and v,e7 
elastic scattering processes, requiring the observation of an 
isolated electron track in a particle detector, In addition, the Z° 
exchange contribution to electron-nucleon interactions has 
been observed’ via its interference with the dominant photon 
exchange process. The cross-section for 


et N e>e+X (12) 


is found to depend on the polarisation of the incident electron, a 
parity violating effect which signals the contribution of a weak 
transition. 

The simple fact that neutral current processes exist in nature 
does not provide evidence that cancellation mechanisms of the 
type described above are really at work. What is striking about 
the data is that they apparently confirm the precise spin- and 
charge-dependence of the neutral current coupling as pre- 
scribed by the requirement of such cancellations. In other words, 
each experiment can be analysed assuming the form of equation 
(10) for the neutral current, and that experiment will provide a 
determination of the weak angle @,. The different processes 
studied yield values for ð, which are compatible with one 
another within the experimental uncertainties yielding an 
average value® sin’@, = 0.23 + 0.02. 

The parameter 6, governs only the relative strengths of the 
components of the neutral weak current. There is a second 
measurable parameter which governs the overall coupling 
strength and is the neutral current analogue of the Fermi 
coupling constant, Equation (8), for charged current reactions. 
Constraints were obtained for the neutral current couplings by 
requiring cancellation of reactions at high energies where 
masses play no part. Those arguments only constrained the 
neutral current coupling relative to a particular combination of 
the W and photon couplings. The effective Fermi coupling for 
low energy neutral current reactions is therefore dependent on 
the Z° mass; explicitly one finds 


$ z 
Gr____8 
v2 8cos?6,m3 


However, the neutral boson mass mz is not completely arbi- 
trary. The construction of a calculable theory is more delicate 
than our simple discussion suggests. To ensure that the required 
relationships among coupling constants remain stable against all 
higher order corrections, scalar bosons must also be introduced, 
and the masses of the vector bosons depend on the scalar (Higgs 
particle) content of the theory. The simplest possibility’* for 
constructing a fully calculable theory containing three heavy 
vector bosons requires the introduction of a single scalar par- 
ticle. In this case the vector boson masses satisfy the relation: 


(13) 


my =m cos’6, (14) 


resulting in identical Fermi coupling strengths for charged and 
neutral current transitions: 


p= Gr (15) 


Measurements of the neutral current coupling strength satisfy 
this relation to within the experimental accuracy of about 5%. 

To summarise: (1) neutrino experiments have revealed the 
existence of an interaction long thought to be absent: weak 
transitions with no exchange of electric charge. (2) The proper- 
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ties of this interaction are compatible with the requirement that 
higher order weak effects be calculable. (3) The experimental 
evidence strongly suggests that weak interactions have the 
simplest possible form which can satisfy the criterion of cal- 
culability. 


Charm and dileptons 


We have already paired the elementary fermions according to 
(e7, ve), (u,v), (u, d) 


This is not quite correct. The up quark (u) is actually paired with 
a superposition of the down quark (d) and strange quark (s), 


(u, d.); d. = cos 6,.d+sin 6.5 (16) 


where 6, is a phenomenological parameter known as the 
Cabibbo angle. Equation (16) means that the sum of the 
squared amplitudes for, say, the semi-hadronic transitions 


d>u+e py, (17) 

s>ute dp, (18) 

equals the squared amplitude for the purely leptonic transition 
H >v ter (19) 


which is the u -decay process. Reaction (17) is responsible for 
neutron and pion B-decay, while reaction (18) is responsible for 
the B-decay of strange particles. Comparison of the decay rates 
determines the Cabibbo angle: sin 0,~0.2. One of the most 
striking features of strange particle decays is the very strong 
suppression of neutral current transitions. For example, the 
neutral current process 


KL > p+ (20) 
is found to be suppressed relative to the charged current process 
K >u“ +i, (21) 


by a factor 10°* in the decay rate. 

On the other hand, if we pursue the analysis described in the 
previous section, we see that the higher order quark-scattering 
process 


ds > WW > ds (or d) (22) 


will have an infinite amplitude unless the mechanism of Fig. Sa 
for ds WW- is cancelled by another mechanism, which one 
might assume to be the Z° exchange mechanism of Fig. 5b. 
However, this would imply an effective neutral current Fermi 
coupling strength for strangeness changing processes as strong 
as that for charged current ones, and in particular the decay of 
reaction (20) would be as rapid as the decay (21). As this is in 
gross disagreement with the data, the only way to render the 
process (22) finite is to introduce yet another process. The 
simplest possibility is to introduce a new quark’ c, with couplings 
to the d and s quarks such that the c-exchange diagram of F ig. 5c 
cancels the u-exchange diagram of Fig. Sa. This is achieved if the 
new quark, called a charmed quark, couples to the d, s combina- 
tion which is orthogonal to the one coupled to u. Thus we 
introduce a new fermion doublet 


(C, Se); Se = cos 6,5 — sin 6.d (23) 


To ensure that the delicate cancellations arranged for weak 
interactions are not destroyed by strong interaction effects, the 
charmed quarks must be subject to the same strong forces as the 
ordinary u,d and s quarks. This means that they should also 
form bound states. The fact that no charmed hadrons had been 
observed could be attributed to a higher mass for the charmed 
quarks and hence for their bound states. However, for this 
picture to be consistant with kaon data, the charmed quark mass 
could not be made arbitrarily high. The cancellation of the 
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Fig. 4 Mechanisms for e*e” > W° W™ which must interfere destructively at high energies in a calculable theory. 


processes in Fig. Sa and c is only exact if the up and charmed 
quark masses are equal. Therefore, if m,>> my, the sum over 
intermediate W*W° states in reaction (22) will be damped only 
for energies E > m.c’. This is directly relevant to K decay; in the 
absence of a direct Z° §d coupling, the decay (20) can still occur 
via higher order mechanisms such as 


sd- WW > u'u 
which will have an effective Fermi coupling determined by the 
charmed quark mass: 


GE ~ cos’ 8. sin? 6.Gzm?2 (24) 
only 


The tiny rate observed for the decay (20) is consistent 
with a charmed quark mass no greater than one or two GeV c~’. 

The startling discovery of the J/y particle with a mass of 
3.1 GeV c™? at Brookhaven’? and at SLAC”? in 1974 was 
immediately interpreted by several particle physicists as a 
charm-anticharm quark bound state. However, it took about 
two years before this identification was firmly established, and 
the study of the J/y family of Gc states led to considerable 
progress in the understanding of strong interaction dynamics. 
We describe here, however, how the weak couplings of charmed 
particles were studied, particularly in neutrino experiments. 
Once again these couplings are completely determined” by the 
requirement that the theory be calculable (cancellation between 
Fig. 5a and c), and they are characterised by two features: (1) 
the (c,s) coupling dominates the (c,d) coupling by a factor 
cot 6, = 5 in amplitude; (2) the charged current coupling is of the 
usual V-A type. 

How are charmed particles produced in neutrino experi- 
ments? The nucleon is visualised as a system of bound quarks: 
three valence quarks which determine its quantum numbers 
(uud for the proton, ddu for the neutron) and quark~antiquark 
pairs which are referred to as the quark ‘sea’. A neutrino 
incident on a nucleon can create a charmed quark via reactions 
like 


10,11 


(25) 
(26) 


where in reaction (25) the d can be a valence or a sea quark, but 
the strange quark in reaction (26) must come from the sea. The 


v, +td>u +c 


v, +ts->u +c 


: 7 w 
d ; 
W+ ze 
u € 
w- S 
S $ 
WwW 


a b 


weak interaction breaks up the nucleon, and the charmed quark 
picks up, say, a ii or d antiquark from the hadronic debris to form 
a charmed D meson. The D meson will then decay weakly, 
mainly via the strangeness changing processes 


c>s+{u v, ore*y, or ud} (27) 


One therefore expects to find K mesons in the final state when a 
charmed meson has been produced. This prediction has been 
verified both in e*e” pair creation of D mesons’*’® (via the 
electromagnetic process e*e~ -> y ëc) and in neutrino produc- 
tion’”"'* of a single charmed particle. When the D decays into a 
system of only charged hadrons, it can be identified directly by 
the reconstruction of its mass (1.86 GeV c~*) from the momenta 
of its decay products. If the D decays semi-leptonically some of 
its energy is taken by the unobserved neutrino. In this case the 
event is signed by an extra lepton in the final state. Such events 
were found® as expected to be characterised by an excess of 
kaons. 

Even without identification of the hadrons in the final state, it 
is possible to verify the expectations (1) and (2) simply by 
studying dimuon events: 


(vy, T È) AN >u ty tx (28) 
where X represents the final state hadronic system for which 
only the total energy is measured. The important elementary 
transitions contributing to dimuon events are reactions (25) and 
(26), followed by the decay 


cstu” +r, (29) 


and antineutrino production of anticharm from the § sea: 
P, t5>u +ë 
Stu tọ, 


Antineutrinos can also produce č from d antiquarks in the 
nucleon’s sea. However, the sea contribution is small, and 
scattering from s and § is important only because it is favoured by 
the factor cot 8, in amplitude, There can also be a charm- 
anticharm component of the quark sea, but (cé) pairs can be 
created only for a time r~#/2m.c° which is small compared 


of 


Wr 


w- 


£ 


Fig. 5 Mechanisms which might interfere so as to damp the strangeness changing reaction d +s- W* + W7; a, Conventional charged current 
mechanism; b, neutral current coupling which is disallowed by K-decay data; c, charmed quark exchange. 
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with the interaction time unless the neutrino energy is well 
above the threshold for charm production. 

Assuming that scattering from the charmed quark sea is 
unimportant, we expect the following characteristics for di- 
muon events. 

(1) Because of the larger amplitude for scattering from an s or 
š quark, the sea contribution is enhanced relative to that for 
ordinary single muon events. On average the sea quarks carry a 
smaller fraction of the nucleon momentum than ordinary 
quarks, so dimuon events should be characterised by a lower 
effective centre of mass energy for the scattered wc or we 
system. This effect should be most pronounced in %, induced 
events where sea quarks make the only contribution. 

(2) The final state muon angular distribution depends on the 
relative spin alignments of the initial interacting fermions. The 
distribution is isotropic in the neutrino—quark centre of mass 
system if their spins are both aligned (right spinning) of both 
anti-aligned (left spinning) with their direction of motion. This is 
the case for the three processes (25), (26) and (30) if the coupling 
to charmed quarks are of the usual V-A type as predicted. 

A few dimuon events, suggestive of charm production, were 
observed’’ even before the discovery of the J/ y. By now several 
high statistics studies have been performed and they support“ 
both the predictions (1) and (2) which verify, respectively, 
conditions (1) and (2) given previously. 


Beyond charm: multileptons 


The addition of a charmed quark along with u,d, and s 
established a lepton—quark symmetry for weak interactions: for 
each lepton pair there is a corresponding quark pair. This 
symmetry is actually necessary”? if the theory is to be fully 
calculable; otherwise infinite amplitudes are found to occur for 
processes like ee- W W~ when higher order contributions 
are included. Therefore, the discovery’? of the r- lepton and its 
associated neutrino led to the anticipation that still another 
quark pair (t,b) should exist. This anticipation received partial 
confirmation in the discovery of the Y with a mass of 
9.4 GeV c”’, generally interpreted as a bb bound state—leaving 
the t still to be discovered, presumably with a higher mass. Just 
as c couples preferentially to s in charged current transitions, t 
will couple preferentially to b, and it is not unlikely that b will 
decay more often to c than to u. Then cascade decays can 
generate spectacular multi-lepton events like 


v, tdp +t 
L b+ u +y, 
ctu Fi 
Stu ty, 
Unfortunately, the charged couplings of b and t quarks to the 
valence u and d quarks are constrained by other data to be very 
small, so that production cross-sections will not be large. 
Quadrimuon events have already been observed, but these data 
can be understood in terms of charm production accompanied 
by the Bremsstrahlung of a virtual photon, for example 
v, +d- u +c 
L Sty +p, 
u ty 


ban 


It is hoped that beneath the background from this now ‘con- 


ventional’ source of multimuons, a few events signalling still 


newer physics may be dug out. 
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Prospects for weak interactions 


Assuming that no experimental surprises will upset what now 
seems to be the steady confirmation of a true theory of the weak 
interactions, what is the future of the field? 

(1) A crucial test of the theory which is still out of reach of 
present experimentation is the establishment of the actual exis- 
tence of the postulated vector bosons, W* and Z°. If the theory is 
correct their masses are already known from the measured 
values of the weak angles @,, the Fermi constant Gp, and the 
electric charge e through equations (8), (9) and (14). This gives 


my = (77.8+ 3.4) GeV c°, m, = (88.74 2.7) GeV c” 


New facilities are being constructed at CERN and at Fermi Lab 
with the primary goal of producing and detecting these particles. 
A further important step would be their pair production by very 
high energy electron—positron colliding beams which would 
allow a probe of the WWZ coupling. 

(2) The theory also requires the existence of one or more 
scalar particles, but little can be predicted about their masses or 
even their number, although recent speculations concerning the 
unification of strong, weak and electromagnetic interactions in 
terms of a single force (see below) place the mass of a scalar 
particle at about 10 GeV c’. Finding any scalar particle with 
the appropriate properties’? would be an important confirma- 
tion of present theoretical ideas. 

(3) Some theorists believe that detailed studies of hadrons 
containing the heavy b and t quarks may shed new light on the 
origin of CP violation, which so far has manifested itself only in 
the isolated neutral kaon system. 

(4) The present theory contains an arbitrary parameter, the 
weak angle 6,. This parameter is indeterminate except within 
the context of an enlarged theory containing new couplings and 
new vector bosons. Much theoretical effort is being devoted to 
the construction of a theory which not only determines @,, but 
describes the strong, weak and electromagnetic forces in terms 
of a unique coupling constant. There has been considerable 
progress in this direction, but the experimental predictions 
which could test such a theory are up to now extremely limited, 
and even higher energies do not promise much more. The most 
exciting possibility at present is that the proton may be unstable 
and have a lifetime which is accessible to experimental 
measurement. 

(5) The outstanding problem is an almost total lack of under- 
standing of the fermion spectrum. How many fermion pairs are 
there? Why are their masses so disparate? Are neutrino masses 
absolutely zero? Why do quarks form weakly interacting pairs 
according to particular superpositions of quark states? Some of 
these questions have been partially considered by the attempts 
to unify forces discussed above. Some of their answers may also 
be related to the scalar particle content of the theory. But the 
general theoretical stalemate with respect to the elementary 
fermions suggests most persistently that further surprises may be 
in store. 
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Data from the northern Tethyan domain indicate that 
Permo—Triassic Palaeo-Tethys closed between the late 
Triassic and the mid-Jurassic. This closure was caused by 
the collision with Laurasia of a Cimmerian continent rifted 
away from northern Gondwanaland during the Triassic. 
The Neo-Tethys may have opened partly as a back-arc 
basin over the Palaeo-Tethyan subduction zone and rota- 
tion of the Cimmerian continent may have been partially 
responsible for mid-Mesozoic block-faulting in extra- 
Alpine central Europe. 


Hsty'? suggested that the Tethyan Ocean, contemporaneous 
with the latest Palaeozoic~early Triassic Pangaea’ was obli- 
terated mainly during the Jurassic along a suture zone that must 
lie north of the late Mesozoic—Cenozoic sutures of the Tethyan 
orogenic system. This is an attractive hypothesis because all the 
late Mesozoic-Cenozoic sutures within the Tethyan Orogen 
represent oceans (hereafter Neo-Tethys) that opened during the 
Triassic and later® (Fig. 1). They cannot therefore mark the site 
of the latest Palaeozoic—early Triassic Tethys (hereafter Palaco- 
Tethys; Tethys 1 of Dewey et al.*). I review evidence here from 
the Alpine/Himalayan orogenic system for the existence and 
mid-Mesozoic closure of Palaeo-Tethys and discuss some 
tectonic implications of this event. 


Regional review 


The existence of Palaeo-Tethys is implied by the observation 
that when the continents around the Atlantic and Indian Oceans 
are restored to their positions before the break-up of Permo- 
Triassic Pangaea’ “, a large, westward narrowing triangular area 
appears between Laurasia and Gondwanaland. Figure 1 shows 
that all of the Alpine-age sutures south and west of Dobrudja-— 
Crimea~Greater Caucasus represent oceans that opened during 
the Triassic or later (Pyrenees: early Cretaceous’; Alps/ Apen- 
nines: early Jurassic’°; Carpathians/ Vardar Ocean: late Triassic 
and/or early Jurassic’; Pontide/Anatolide Ocean: mid-Tri- 
assic'''*;  Bitlis/Zagros Ocean: Triassic’®; North Mak- 
ran/ Afghanistan and Indus/Tsangpo Oceans: Triassic’*). These 
Neo-Tethyan oceans mostly ruptured northern Gondwanaland. 
As far west as the Balkans they cut terrains characterised by Pan 
African/Baikalian or older basement, and from the Balkans 
westwards they cut Hercynian basement (ref. 15, Fig. 6). Evi- 
dence, both from Atlantic and Indian Ocean magnetic anomaly 
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lineations’*® and from palaeogeographic analyses of the peri- 
Tethyan domain®’* shows that the Permo~Triassic Palaeo- 
Tethys must have lain north of the Alpine sutures, separating 
late Palaeozoic Laurasia from late Palaeozoic Gondwanaland. 

No pre-Triassic ophiolite complexes have been confirmed 
within the Alpine System’” and therefore it has been difficult to 
locate the site of the closure of Palaeo-Tethys. Because of the 
sparsity of ophiolites I use here a variety of criteria such as 
compressional deformation, Barrovian metamorphism, calc- 
alkaline magmatism, rapid emergence and flysch/molasse facies 
sedimentation collectively to identify a zone within which I 
suggest the Palaeo-Tethyan suture is located. One of the chief 
reasons why the suture zone has so far gone undetected is that it 
lay very close to the northern margin of Neo-Tethys and the very 
intense deformation associated with the closure of that complex 
ocean has largely overprinted the signature of the earlier 
collision. Figure 1 shows areas thought to have been affected by 
the deformation associated with the closure of Palaeo-Tethys. 
This area is widest where terminal Alpine collision has not yet 
occurred (north of Makran), an observation that supports the 
view that the Alpine collisions have very strongly overprinted 
the earlier structures. 

The westernmost places where the effects of early to mid- 
Mesozoic convergent plate margin activity can be seen are the 
peri-Rhodopean Belt in the northern Aegean (Fig. 1, loc. 3; refs 
16, 17) and in North Dobrudja (Fig. 1, loc. 2; ref. 18 and the 
bibliography therein). The precise geometry of the mid- 
Mesozoic deformation in the peri-Rhodopean Belt is not well- 
understood, but Kockel et al.’° have reported intense folding, 
greenschist metamorphism and granite intrusion sometime dur- 
ing the Dogger—Malm transition. The deformed assemblage is 
overlain by Tithonian molasse’’ indicating that here defor- 
mation had long ceased when the Eo-Hellenic tectonism began 
in the sub-Pelagonian area in post-Tithonian times'’. Whereas 
the peri-Rhodopean deformation may be related to the closure 
of Palaeo-Tethys, the Eo-Hellenic ophiolite obduction is clearly 
pre-collision Neo-Tethyan. In North Dobrudja the geometry is 
much clearer and involves a north-vergent, imbricated and 
folded series that includes Alpine-type Triassic and possibly 
early Liassic carbonates and flysch—facies deposits (Nalbantian 
Flysch). Porphyry and diabase dykes were intruded during the 
Trias. Middle Lias is unconformable on this deformed and 
intruded assemblage. The entire deformed package, making up 
the Tulcea Zone, is overriden from the south along a major 
thrust’? by the Macin Zone that was deformed largely during the 
Palaeozoic. Because the Baikalian (late Proterozoic) Moesian 
Platform with its gently deformed Phanerozoic cover is now 
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Fig. 1 The approximate 
area (vertically ruled) 
affected by mid-Mesozoic 
orogeny and thought to 
have coincided roughly 
with the present extent of 
the rocks representing the 
Cimmerian continent(s), 
the collision of which with 
Laurasia is believed to 
have caused the mid- 
Mesozoic orogeny. 
Localities for which stra- 
tigraphic, structural and 
petrologic data are given 
in the columns (1-15). 
The bold lines are sutures 
(dashed where inferred). 
Polarity information, 
where available, is 
indicated by black teeth 
on the overriding 
continent. Ages on the 
sutures are ages of ocean 
opening and closing for 
the segments limited by 
arrowheads and abbrevi- 
ated as follows: Pz, 
Palaeozoic; T, Triassic; J, 
Jurassic; K, Cretaceous, 
P, Palaeocene; E, Eo- 
cene; O, Oligocene; M, 
Miocene; |, active sub- 
duction; e, early; m, 
medial; 1, late. In the 
columns Pe denotes Per- 
mian. Horizontal zig-zag 
lines are unconformities. 












located between North Dobrudja and the peri-Rhodopean Belt, 
relationships between these provinces are not clear. 

Eastwards, along the strike from Dobrudja, the Triassic to 
Liassic Tauridian Flysch in the Crimean Mountains (Fig. 1, loc. 
7; refs 19, 20) exhibits a strong, south-vergent fold and imbri- 
cated thrust structure?’ unconformably overlain by Dogger 
sandstones. The same stratigraphy and structural picture is 
exhibited in the basement of the northern slope of the West 
Kubanian foredeep (Fig. 1, loc. 8; ref. 22), where a thick 
Middle—Upper Triassic flysch with volcanics has been folded 
during the Trias—Lias transition. Although similar lithologies of 
the same age have been encountered in deep drill-holes farther 
east (eastern shore of the Caspian Sea, Fig. 1, ref. 19), the 
structural picture there is not known. A strip is thus roughly 
defined north of the Black Sea characterised by deformed 
Triassic-Liassic flysch with volcaniclastic components and by 
diabase and porphyry intrusions. 

Parallel with this strip, the southern shores of the Black Sea 
exhibit stronger, predominantly north-vergent mid-Mesozoic 
orogenic activity (at this time the Black Sea had not opened and 
its southern shores may have been much closer to the strip 
defined above, depending on the position of the Moesian Plat- 
form at the time). Around Balya in western Turkey (Fig. 1, loc. 
4, ref. 23) Radelli mapped Permian limestones lying with thrust 
contact on Triassic and Lower Liassic rocks. The thrusts are 
truncated by an unconformity over which Middle Lias was 
deposited. Just east of Balya, north of Simav, the Egrigéz 
granodiorite gives a Rb-Sr whole-rock age of 167 + 14 Myr (ref. 
24). In the Karagöl region, north of Ankara (Fig. 1, loc. 5; ref. 
25), the same Permian limestones are overthrust onto an 
ophiolitic mélange containing spilites, serpentinites and blocks 
of the Permian limestones; this package, in turn, is seen in thrust 
contact on Hercynian basement and all are unconformably 
overlain by Lias. Other than the northeastern Pontide ophiolites 
of northeastern Turkey (see below), the suspected pre-Mesozoic 
ophiolite slivers of Mashad’, northern Iran, and the serpen- 
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tinites along the Tanglha suture in Tibet (Fig. 1, loc. 15), this 
ophiolitic assemblage is the only occurrence I know that may 
represent Palaeo-Tethyan ocean floor material. Farther north- 
east, around the towns of Küre, Inebolu and Devrekani (Fig. 1, 
loc. 6; ref. 26), dioritic, granodioritic and gabbroic plutons have 
been mapped to intrude Liassic flysch. Pebbles of these 
intrusives are encountered in the basal conglomerate of trans- 
gressive Malm sequences. Dogger intrusions of ‘granitic’ 
composition are also known from the Greater Caucasus (Fig. 1, 
loc. 9; ref. 22). Blumenthal” has pointed out that the north- 
ernmost ophiolite outcrops in the northeastern Pontides in 
Turkey are of pre-Liassic age. 

In central Iran there is abundant evidence for late Triassic- 
early Jurassic convergent plate~margin activity and Stécklin has 
emphasised the importance of the ‘cimmerian’ movements in 
this sector of what he has designated the Central Domain, where 
(Fig. 1, loc. 10; refs 28, 29) late Triassic block-faulting is 
generally associated with thrusting and intense local folding. 
This deformation has often been cited as evidence for the rifting 
of central Iran from Arabia*’’. However, the following obser- 
vations indicate plate convergence: (1) the existence of strongly 
tectonised regions displaying Barrovian metamorphism 
(kyanite—biotite-garnet assemblages), accompanying defor- 
mation characterised by recumbent similar folding with a strong 
axial plane schistosity striking east-west in the southeastern 
extremity of the Sanandaj—Sirjan Zone (Fig. 1, loc. 11; refs 30, 
31); (2) strong folding, thrusting and metamorphism of the 
basement of the Lut Block (central Iranian microcontinent of 
Takin”) (Fig. 1, loc. 12; ref. 28). All of these events took place 
between the late Triassic and the early Jurassic’??? The 
coexistence of strong compressional deformation and the infer- 
red block-faulting in central Iran during the late Triassic times 
may be explained in two different ways. First, the area of central 
Iran may have felt simultaneously the effects of the opening of 
the Bitlis/Zagros Ocean (a part of Neo-Tethys) and the closing 
of Palaeo-Tethys. A modern example of a similar association is 
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the Aegean region®’**. Conversely, a basin-and-range regime 
may have existed in central Iran associated with complications of 
the convergent plate-margin regime related to the closing of 
Palaeo-Tethys. Similar complications are observed in the Neo- 
gene-Quaternary tectonics of the western US**. Ultramafic 
rocks occurring in ?Carboniferous slates near Mashad, in 
northern Iran, were intepreted by Hsii’ as possible represen- 
tatives of the floor of Palaeo-Tethys. 

Although the data are sparse and imprecise, in Afghanistan 
and Pakistan the Triassic—Jurassic transition is characterised by 
tectonism*, a break in marine sedimentation? and intrusion of 
calc-alkaline igneous material such as Salang and Doab granites 
of western Hindu Kush Mountains (isotopic age: 210+ 10 Myr; 
ref. 38). In western Hindu Kush, tectonism is characterised by a 
strong, north-vergent nappe tectonics of intra-Jurassic age” 
(Fig. 1, loc. 13). Farther east, in the Pamirs and the Karakorum 
(Fig. 1, loc. 14; refs 28, 39, 40) the late Triassic—early Jurassic 
orogenic activity is better documented: in the Pamirs the 
deformation was accompanied by the intrusion of calc-alkaline 
plutons and by a sharp facies change from shelf carbonates to a 
coarse clastic facies. In the Karakorum this latter facies is 
represented by the ‘orogenic’ Urdok Conglomerate which is the 
only coarse clastic sediment recognised in the Palaeozoic-early 
Mesozoic section*’. 

Eastwards, the mid-Mesozoic zone of deformation enters the 
Tibetan Plateau, the geology of which is little known. Chang and 
Zeng*' indicate that there is a Mesozoic arc suture along the 
Tanglha Mountains (Fig. 1, loc. 15) with serpentinites and 
blueschists; isotopic ages along the Tanglha Mountains range 
from 210 to 107 Myr (ref. 41). Alternatively, Sengör and Kidd“? 
interpret the entire pre-Jurassic basement of Tibet as a giant 
accretionary mélange prism, first hit by a continent during the 
Himalayan collision. The Tanglha suture seems to continue 
along strike into the late Triassic Dien Bien Phu suture in 
southeastern Asia (Fig. 1; ref. 43). If the Tanglha suture 
represents a mid-Mesozoic continental collision (or arc- 
continent collision), we may continue the zone of mid-~Mesozoic 
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orogeny into Tibet as a suture zone. Conversely, if the hypo- 
thesis of Sengör and Kidd“? is correct, then the Palaeo-Tethyan 
suture must have joined, from both sides, the large accretionary 
prism of Tibet, much as the present accretionary prism of 
Makran“* links the Zagros and Indus~Tsangpo sutures. 
Palaeobiogeographic data (summarised in ref. 45) indicate that 
the welding of southern and northern Tibet occurred sometime 
between Permian and Jurassic. 


Discussion and implications 


The evidence reviewed above, when coupled with the marine 
magnetic and palaeogeographic arguments for the existence of 
Palaeo-Tethys, may be interpreted in terms of a late Triassic to 
medial Jurassic closure of this ocean. This closure occurred 
between Eurasia and the continental fragment(s) rifted from the 
northern side of Gondwanaland. Figure 2a shows the simplest 
possible interpretation of this continental fragment which I call 
here the Cimmerian continent after the Cimmerian Mountains 
that comprise the Macin Mountains, the Serpent Island and the 
Crimean Mountains. Clearly the Cimmerian continent may have 
had a very different geometry and have been composed of more 
than one fragment. The lack of precise simultaneity or of a 
regular age progression along the zone of mid-Mesozoic oro- 
geny support the concept of asegmented Cimmerian continental 
archipelago and the apparent interruption in the zone of mid- 
Mesozoic deformation in northwestern Iran, the circum—central 
Iranian microcontinent suture (Fig. 1), and the evidence that 
Tibet may be characterised during this interval as a large 
accretionary prism indicate where such possible discontinuities 
may have been located. Neo-Tethys has also similarly closed by 
independent fragments of Gondwanaland. The pre-Alpine 
internal structure and possible width of the Cimmerian 
continent(s) are particularly difficult to assess because of the 
very strong Alpine overprint. In all areas where the mid- 
Mesozoic closure of Palaeo-Tethys caused deformation (Fig. 1) 
there has also been both intense Alpine orogenic deformation 


Fig. 2 a, Latest Triassic~early Jurassic reconstruc- 
tion of Pangaea and Tethys (base map from ref. 54) 
showing the simplest possible interpretation of the 
internal geometry of the Tethyan realm. All the 
elements shown, particularly the poorly-defined 
C) Cimmerian continent, could have had different and 
probably more complex geometries. Vertically ruled 
area corresponds to that in Fig. 1, that is it represents 
the regions affected by mid-Mesozoic orogeny. Here 
the width of the Cimmerian continent is purely 
Ls hypothetical and may be as much as three times too 
large. Obliquely ruled areas are regions of complex 
intracontinental extension inferred to have been 
partially related to the closure of Palaeo-Tethys. 
Lines with black triangles are subduction zones with 


© the triangles on the upper plate. Lines with short 
hachures represent passive continental margins (no 
<1 fit is intended between the southern and northern 


shores of Neo-Tethys due to lack of data). Dotted 
lines are the present continental shore-lines put in 
O for reference. XX’ indicates the location of the cross- 
section shown in b. b, A highly schematised cross- 
section showing the major elements considered in 
the text. Black denotes oceanic and short, irregular 
lines denote continental crust, +, Calk-alkaline 
intrusive; v, calk-alkaline volcanic rock. 
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and exceedingly complex post-collisional foreland defor- 
mation*****?-4°*”, These later events and the associated exten- 
sive volcanics and Neogene sedimentary cover seem to have 
obliterated or hidden the pre-Alpine characters of the Cim- 
merian continent(s) beyond any reasonable hope of coherent 
synthesis. 

Because of the very fragmental and imprecise nature of the 
data, particularly from Iran eastwards, it is difficult to interpret 
the polarity(s) of Palaeo-Tethyan subduction zone(s). The loca- 
tion of relatively less deformed and largely unmetamorphosed 


flysch/molasse sequences to the north of the strongly deformed, ` 


metamorphosed and intruded, more ‘internide-looking’ pre- 
dominantly north-vergent orogenic terrains as far east as 
Afghanistan may indicate that at least in this sector the Palaeo- 
Tethyan orogen was probably north-facing with a south-dipping 
subduction zone. In Tibet, if the regions north of the Tanglha 
Mountains are composed of late Palaeozoic~early Mesozoic 
accretionary mélange material, the subduction zone may have 
been dipping northward; but here data are so sparse that the 
question is open. 

If the above proposed scheme is approximately correct, then it 
has interesting implications for two problems outside the 
Palaeo-Tethyan area. One is the complex, intracontinental zone 
of extension in extra-Alpine central and northwestern Europe 
(Fig. 1, loc. 1; refs 48-50). This broad zone of extension, 
characterised by a complicated pattern of block faulting 
(Schollen), became active during Liassic (?earlier) time and 
accelerated during the Malm. I suggest that this predominantly 
intracontinental extensional regime was possibly caused by the 
closure of wedge-shaped Palaeo-Tethys. If the pole of rotation 
of the Cimmerian continent(s) was located somewhere between 
North Dobrudja and Germany, as suggested by the observation 
that no early to mid-Mesozoic orogenic activity is known in 
Europe west of North Dobrudja, then the convergent plate 
boundary system, if not joined near the pole by other plate 
boundaries, must have become extensional once it crossed the 
pole. This extension should have increased away from the pole; 
indeed the early to mid-Mesozoic extension in the North Sea- 
North Atlantic regions was far more intense than it was in 
central Europe*’. The broad distribution of the associated strain 
may have been because extension was taking place in continen- 
tal lithosphere and was following Permo-Triassic intracon- 
tinental grabens and shear zones”’. It may, however, prove 
impossible to distinguish between extension caused by the initial 
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‘opening of the Atlantic and that related to the hinging of 


Palaeo-Tethys. 

The second problem is related to the opening of Neo-Tethys. I 
Suggest that if the Cimmerian continent or substantial segments 
thereof. were sufficiently narrow, that is if they were essentially 
island arcs, the Triassic opening of Neo-Tethys may be inter- 
preted as the opening of a series of back-arc basins or at least 
initiated by back-arc spreading processes (Fig. 2b). McKenzie 
and Weiss? have pointed out that it seems particularly difficult 
to initiate constructive plate margins. They suggested that back- 
arc spreading may be the triggering mechanism for initiating 
major Oceans, as back-arc spreading and seafloor spreading in 
major oceans seem to be the same process (see appendix in ref. 
53). Although their main example, the South Atlantic, was 
unfortunate, the idea may be applicable, at least to parts of 
Neo-Tethys. 


Conclusions 


Palaeo-Tethys that must have existed during the Permo-Triassic 
between Laurasia and Gondwanaland closed during the late 
Triassic-mid-Jurassic possibly along one or more suture zones 
located within the zone of mid-Mesozoic orogeny shown in F ig. 
1. Asa result of very strong Alpine overprinting associated with 
the latest Mesozoic-Cenozoic demise of Neo-Tethys and 
because of the sparsity of data neither the precise geometry of 
the suture(s) nor that of the continent(s) that collided with 
Laurasia to close Palaeo-Tethys can be reconstructed. However, 
my interpretation permits a satisfactory explanation of a number 
of phenomena, notably the following: (1) The mid-Mesozoic 
convergent plate-margin activity in a relatively narrow band 
stretching from Rhodope and North Dobrudja to southeastern. 
Asia and the observation that the Alpine—-Himalayan sutures 
represent oceans opened not before the Triassic. (2) The mid- 
Mesozoic extensional regime in extra-Alpine central Europe 
which may be viewed as a partial consequence of the convergent 
plate~margin activity in the Palaeo-Tethyan realm. (3) The 
opening of Neo-Tethys which may be considered; at ‘least in 
part, to be an example of back-arc spreading associated with the 
subduction of the Palaeo-Tethyan ocean floor. 
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Petrographic analysis of Quaternary terrigenous sand 
layers in eastern Mcuiterranean cores reveals distinct 
mineralogical differences between the Egyptian Shelf—Nile 
Cone region and the southern part of the Mediterranean 
Ridge. A compositionally and texturally immature sutte in 
Ridge cores, mixed with a Nile-derived assemblage, 
identifies a fresh non-recycled mineral component derived 
from proximal igneous and metamorphic surface or near- 
surface exposures, probably in the south-central Ridge area 
rather than from distal African sources. The presence of 
such basement terrains would be consistent with a 
compressive thrust-belt origin for this part of the Mediter- 
ranean Ridge. 


THE Mediterranean Ridge, the broad arcuate swell in the 
eastern Mediterranean extending from the Ionian Sea to the 
eastern Levantine Basin, constitutes a distinct topographic and 
tectono-stratigraphic province between the seismically active 
southern European and more stable North African margins. The 
characteristic hummocky ridge-and-swell topography of the 
Ridge is the surface expression of what appears in seismic 
profiles as a folded and faulted sediment complex’. The contact 
between deformed sedimentary units of the southern part of the 
Ridge and the more gently stratified, Plio-Quaternary series 
forming the western Nile Cone tends to be well-defined” and 
delineates the northwestern margin of the Herodotus Basin 
plain (Fig. 1). A mid-oceanic ridge origin* can be ruled out for 
the Mediterranean Ridge, but there is considerable diversity of 
opinion as to the structural and stratigraphic configuration”. 
The various hypotheses pertaining to the geological develop- 
ment of this feature are reviewed by Finetti® and Stride et al.’. 

All the schemes invoke important large-scale tectonic dis- 
placement in the late Tertiary to the present, and one would 
expect that evidence of these geologically recent events should 
be recorded in sedimentary sequences deposited in this area. 
This article focuses on the provenance of terrigenous sand layers 
of Pleistocene age on the southern part of the Ridge at the 
approximate midpoint between the more obvious potential 
sources of sediment: Nile Delta, Crete, Cyprus and the Eratos- 
thenes Seamount. This sector has more specifically been termed 
the Hellenic Outer Ridge’. Pleistocene and possibly Upper 
Pliocene core sections recovered in this part of the Ridge in 1970 
at DSDP Site 130 (Fig. 1) have been interpreted as distal Nile 
Cone deposits which were uplifted <1Myr ago and 
subsequently deformed*. Arguments in support of this scheme 
are based partly on regional correlation of sub-bottom reflectors 
of probable Messinian and post-Miocene age, but more 
specifically on mineralogical comparisons between DSDP Sites 
130 and 131 at the base of the Nile Cone (ref. 2, p 735 and 1033; 
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ref. 10) and on the pollen content in Pleistocene samples at Site 
130'*. These studies all emphasise the North African, largely 
Nile, affinity of the southern Ridge deposits. The difference in 
relative percentages of the dominant heavy minerals (primarily 
an amphibole-pyroxene-—epidote—opaque mineral suite) 
between Nile Cone and Ridge samples is attributed by Ryan and 
others? to differences in grain size and to changes of source 
terrain drained by the Nile River during the Quaternary. 

This study considers heavy and light minerals from ter- 
rigenous sand layers, mostly turbidites, in DSDP Site 130 and 
131 cores and in Pillsbury 6508 and 6510 and Vema 10 piston 
and gravity cores on the outer Egyptian Sheif, Nile Cone and 
Herodotus Basin plain, and shallower marine palimpsest 
deposits in Chain 119 grab samples on the inner to middle 
Egyptian Shelf in front of the Nile Delta (Fig. 1). Observed 
regional differences indicate a more complicated provenance- 
dispersal of Pleistocene sediment on the southern part of the 
Mediterranean Ridge than previously envisioned. 


Petrographic observations 


Most Pleistocene sand layers in the Nile Cone and the Mediter- 
ranean Ridge core sections are of bioclastic origin'*, and our 
investigation considers only terrigenous or mixed terrigenous— 
bioclastic layers. Of about 225 sand layers sampled in the cores 
shown in Fig. 1, only 47 examined had a sufficiently heavy 
mineral content for grain count (Table 1). Data are based on the 
calculated 62 to 250 um heavy mineral fraction of each layer to 
minimise size-sorting effects. Heavy fractions were separated by 
the standard heavy liquid method and 300 grains were 
identified. The listed data shows that the study area occupies a 
province dominated by pyroxenes, amphiboles, epidotes and 
opaque minerals; these four account for more than 90% of the 
total heavy minerals in most samples, as was indicated in earlier 
investigations™ ® 4, 

Vertical changes were observed in some cores (Table 1): for 
example, in DSDP Site 131 from the lower Nile Cone, there is a 
slight downcore increase in pyroxenes and epidotes and an 
increase in amphiboles; in Pillsbury core 6510-18 on the outer 
Egyptian Shelf, there is a slight downcore increase in pyroxenes 
and amphiboles, and a more random change in epidote content. 
Regional-spatial changes are more apparent and include a 
general decrease in the relative percentage of opaque minerals 
between the outer edge of the shelf and distal Nile Cone stations. 
Overall, the Nile Cone samples in grabs, short piston and gravity 
cores and in DSDP Site 131 are genetically related to the same 
general assemblage as the Nile River valley, Nile Delta and 
coastal sequences Y, 

The most pronounced changes in heavy mineral assemblages 
occur between the inner and outer Egyptian Shelf and between 
the base of the Nile Cone and the southern part of the Mediter- 
ranean Ridge. These regional distinctions become evident when 
considering the ranges of relative percentages of minerals in the 
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three major topographic sectors of the study area (Table 1): 
(A) On the Egyptian Shelf (10 stations): clinopyroxenes (8.5- 
62.8), orthopyroxenes (0.0-7.9), amphiboles (5.0-33.3), epi- 
dotes (6.5-37.0), garnets (0.0-46.3), zircon-toumaline-rutile, 
or ZTR (0.0-6.5), apatite (0.0-1.6), opaques (23.0-70.0). 

(B) On the Nile Cone proper (nine stations): clinopyroxenes 
(12.9-46.5); orthopyroxenes (0.0-3.3); amphiboles (11.9- 
40.8); epidotes (4.8-30.6); garnets (0.0-2.5); ZTR (0.0-4.7); 
apatite (0.0-1.6); opaques (11.0-60.0). 

(C) On the southern Mediterranean Ridge (two stations): 
clinopyroxenes (10.0-17.3); orthopyroxenes (0.4-2.0): amphi- 
boles (43.4-65.8); epidotes (8.5-26.5); garnets (0.4-3.6); ZTR 
(0.4-3.6); apatite (1.6-2.2); opaques (47.0-68.0). 

Nile Cone (B) samples display a narrower range in relative 
percentage and smaller core-to-core differences (particularly 
clino- and orthopyroxenes and garnets) than the Egyptian Shelf 
(A) samples. The southern Ridge (C) samples (DSDP Site 130 
and Pillsbury 6510-17) are distinguished from Nile Cone- 
Herodotus Basin plain (B) samples by enhanced proportions of 
amphiboles and lower percentages of pyroxenes as noted earlier 
by Ryan et al? and Bartolini et al.'°. Moreover, a careful 
evaluation of specific heavy mineral types in our Ridge core 
sample separations reveals other significant differences: a 
somewhat higher proportion of brown hornblende, serrated or 
saw-tooth pyroxenes (Fig. 2a), angular apatite (Fig. 2c); the 
presence of a few glaucophane grains; and a markedly higher 
proportion of both garnet and opaque minerals in the DSDP Site 
130 samples. Examples of the more typical rounded pyroxene 
and apatite grains in the Nile Cone are shown for contrast in Fig. 
2b and d. 

The compositional differences between sands in the lower 
Nile Cone-Herodotus Basin plain sector and those on the 
southern part of the Ridge also are recorded in the light mineral 
fractions. There is a relatively higher proportion of fresh to 
slightly altered and angular feldspar grains on the Ridge (Fig. 
2e) than in DSDP Site 131 and other Nile Cone core samples 
where subangular to rounded altered grains prevail (Fig. 2f). In 
DSDP Site 131 and other Nile Cone core samples, there is a 
strong wavy extinction: normal-weakly wavy extinction ratio of 
about 2:1. Two samples of DSDP Site 130 contain quartz with 
primarily normal or weakly wavy extinction, and three with 
strongly wavy extinction; most quartz in Ridge core P6510-17 
also displays strong wavy extinction. 

More distinct regional differences are recorded by the nature 
and frequency of quartz inclusions: samples from DSDP Site 
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Fig. 1 Chart of the southeastern 
Mediterranean showing sample sta- 
tion locations on the Egyptian Shelf 
(EG), Nile Cone and southern part 
of the Mediterranean Ridge. ES, 
Eratosthenes Seamount; EBP, Era- 
tosthenes Basin plain. Numbers 
refer to core and grab sample station 
and, in parentheses, the relative 
percentage of amphiboles in the 
non-opaque heavy mineral assem- 
blage (data from Table 1). Note 
increased amphibole content in 
Ridge samples. @, Chain 119; O, 
Pillsbury 6508; W, Pillsbury 6510; 
A, Vema 10; Y, DSDP Leg 13. 


‘ 
AMPHIBOLES 


(relative percentage) 


130 and P-6510-17 tend to show fewer solid (rutile needles, 
zircon, apatite) and fluid—gaseous inclusions than in DSDP Site 
131 and Nile Cone and outer Shelf samples (Fig. 3a, 6) and in 
comparable Nile Delta sands as earlier detailed by Kholief'*. 
Some quartz grains from Ridge core P6510-17 (sands sampled 
at 149 and 452 cm from top of core) and DSDP Site 130 (sample 
4-2) are characterised by angular overgrowths over euhedral 
and subhedral crystals (Fig. 3c), unlike some quartz from the 





Fig.2 Photomicrographs showing details of some heavy and light 
minerals from the southern Mediterranean Ridge (a,c,e) and Nile 
Cone (b,d,f) core samples. a, Saw-tooth amphibole (Pillsbury 
6510-17, 452 cm) scale bar, 10 um; b, subrounded amphibole 
(DSDP Site 131-1-6, 129-131 cm) scale bar, 100 um; c, angular 
apatite (DSDP Sites 130-5-3, 125-126 cm) scale bar, 25 um; d, 
rounded apatite (DSDP Site 131A-4-2, 117-119 cm) scale bar, 
15 um; e, fresh, angular plagioclase feldspar (Pillsbury 6510-17, 
452 cm) scale bar, 15 um; f, subrounded, worn-edged plagioclase 
feldspar (Vema 10-57, 690-691 cm) scale bar, 15 um. 
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Table 1 Heavy mineral data from samples collected on the southern Mediterranean Ridge, Nile Cone and Egyptian Shelf 
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Region Core no.* . , (cm) . l 
Southern 13-130-4-2 ` 96-97 0.9 17.3. 65.8 8.5 0.9 0.4 — 1.7 4.5 47.0 53.0 
sector of ~ 13-130-5-2 90-91 1.8 16.4° 43.4 26.5 1.3 3.1 04  1.8° 5.3 68.0 32.0 
Ridge 13-130-5-3 125-126 0.8 13.5° 59.8° 10.4 3.6 3.6 — 1.6" 6.7% 51.0 49.0 
P6510-P17 149 2.0 10.0°  53.8° 21.3 0.4 16 .0.8 — 10.9% 8.0 92.0 
P6510-P17 452 0.4 14.5° 44.1”. 21.1 0.9 2.2 — 2.2" 14.6f 28.0 72.0 
Western 13-131-1-6 18-20 0.4 46.5 25.2 18.4 2.0 2.0 — 1.6 3.9 41.0 59.0 
Nile Cone- 13-131-1—6 ” 129-131. 0.4 41.3 25.4 24.1 2.5 4.7 — 0.4 1.2 42.0 58.0 
Herodotus 13-131A-1-2 . §5-57 0.3 45.6 32.9 16.1 0.3 0.3 1.4 0.3 2.8 32.0 68.0 
Basin Plain 13-131A-1-2 81-83 - 0.4 37.2 32.1 25.8 2.0 — 1.2 — 1.3 24.0 76.0 
13-131A-1-2 122-124 0.4 43.1 36.5 15.4 0.4 0.4 — 0.4 3.4 28.0 72.0 
13-131A-1-2 145-147 — 43.8 30.5 15.4 1.3 1.3 0.8 — 6.9 25.0 75.0 
13-131A-4—2 8-10 — 43.9 29.2 18.3 1.4 10° 0.3 0.3 5.6 34.0 66.0 
13-131444-2 + 117-119 —- 454: 249 26.5 -1.8 1.1 — — 0.3 26.0 74.0 
13-1314-4-2 ' 137-139 ° — 43.7 341. 185 03 07 — — 2.7 21.0 79.0 
V10-53 ‘ 330-331 © 25 30.2 23.5 16.9 0.4 2.1 — — 24.4 28.0 72.0 
V10-53 372-373 — 12.9 33.2 16.1 0.9 — — 0.9 36.0 17.0 83.0 
V10-53 384-385 2.5 26.2 26.9 23.3. — 1.1 0.4 0.4 19.2 24.0 76.0 
V10-53 645-646 0.9 17.9 36.8 16.1 0.9 1.3 — — 26.1 11.0 89.0 
. V10-55 240-241 3.3 25.4 28.2 16.7 0.5 2.9 0.5 — 22.5 30.0 ` 70.0 
V10-55 281-282 — 20.3 29.3 30.6 — 0.4 — 0.4 19.0 20.0 80.0 
V10-55 410-411 - 0.4 24.3° 31.7 28.4 0.8 0.8 — 0.4 13.2 27.0 73.0 
- V10-57 690-691 2.7 35.2 11.9 20.1 — 0.9 — — 29.2 25.0 75.0 
P6510-P14 1128-1129 2.4 26.4 29.5 16.9 0.8 -2.4 0.4 0.4 20.8 22.0 78.0 
i e E e S e 
Eastern P6508-45 _ 10 — 42.8 | 34.2. 22.8 — — — — 0.2 49.0 51.0 
Nile ` P6510-P4 ` 582 1.4 22.5 23.0 4.8 — 0.5 0.5 — 47.3 14.0 86.0 
Cone ' P6510-5 130-131 1:2 40.7 40.6 9.8 — — — 1.2 6.5- 60.0 ‘40.0 
i P6510-6 122-123 — 45.7 37.0: 14:4 0.9 1.3 ce 0.7 30.0 70.0 
P6510-6 123-124 1.8 46.5 37.2 8.2 — — — 0.4 5.9 42.0 58.0 
P6510-6 142 — 30.2 40.8 20.1 — — 0.4 — 8.5 37.0 63.0 
Outer Egyptian P6510-8 : 1-2 i 0.4 50.0 24.5 16.5 2.9 2.9 0.8 — 2.0 41.0 - 59.0 
Shelf P6510-8 5-7 — 48.0 25.0 18.4 3.5 3.4 0.4 — 1.3 38.0 62.0 
P6510-8 84-85 0.4 33.3 22.1 37.0 3.2 0.4 — 0.9 2.7 26.0 74.0 
P6510-8 90-91 — 38.8 24.2 31.1 1.6 2.4 — 1.6 0.3 32.0 68.0 
P6510-8 99-100 . — 42.1 24.5 23.1 1.1 1.0. 0.7 0.3 7.2 34.0 66.0 
P6510-8 , ` 109-111 — 37.7 26.9 26.9 1.2 0.4 0.4 0.4 6.1 ` 38.0 62.0 
P6510-8 112-113 — 45.2 30.3 18.1 1.0 0.7 — — 4.7 23.0 77.0 
P6510-10 90 — 62.8 18.0 6.5 3.7 — — 0.4 8.6 37.0 63.0 
P6508-42 2 — 45.1 22.9 20.1 3.8 3.8 — — 4.3 "64.0 36.0 
P6508—42 70 — 39.3. 33.3 19.6 22 ° 4.4 — — 1.2 70.0 30.0 
P6508-42 . 100 — 43.1 26.1 26.6 2.7 0.8 0.4 — 0.3 37.0 63.0 
aa o a A a a a E a NG a eee eee 
Inter-Mid CHN 119-II, sta 86 Grab 11 0.5 187 149 288 13.0. 62. 10 — 169 460 54.0 
Egyptian CHN 119-II, sta 89 Grab 13 42 127 193 335 09 09 05 — 280 29.0 71.0 
Shelf CHN 119-II, sta 90 UW 24 = 8.5 50 124 463 65 — — 213 52.0 48.0 
CHN 119-II, sta 101 UW 34 1.5 25.1 10.8 18.7 10.8 4,9 — — 28.2 42.0 58.0 
CHN 119-II, sta 106 Grab 15 7.9 26.5 16.7 22.3 — 2.3 — 0.5 23.8 31.0 . 69.0 
CHN 119-II, sta 172 Grab 35 1.8 41.3 15.5 20.0 0.4 0.9 — — 20.1 36.0 64.0 
CHN 119-II, sta 173 UW 44 2.6 39.3 19.6 20.5 13 1.7 — 13.7 31.0 69.0 


p=à 
EEs: 





* Key to sample stations: 13 refers to DSDP 1970 leg 13 Sites 130, 131 and 131A, with drill core and section numbers as in ref. 2; P, University of Miami cruise Pillsbury 
6508 and 6510 piston and gravity cores?°; V, Lamont-Doherty Geological Observatory cruise Vema 10 piston cores’*; CHN, Woods Hole Oceanographic Institution 
cruise Chain 119 grab samples’’. an i 

+ Depth in centimetres from piston and gravity core tops or DSDP core section top. 

+ Zircon + tourmaline + rutile. , ; 

§ Includes altered as well as unidentified grains. : l 

° Angular apatite; ° brown hornblende present to common; © angular and saw-tooth pyroxenes; and 4 presence of few glaucophane grains. 


Nile Cone and Egyptian Shelf which display partial rounded 


elf wh Evidence for mixed Nile—proximal 
overgrowths on rounded grains (Fig. 3d). Some angular quartz : ' 


grains of the Ridge show no evidence of wear. Also significant 
are angular and euhedral quartz and feldspar grains (found only 
in DSDP Site 130, samples 4-2 and 5-3) that display a type of 
radiating crack pattern with fissures that extend from the centre 
towards the edge of the grain; the intensity of fissuring decreases 
outward (Fig. 3e). This pattern is in marked contrast with quartz, 
usually rounded, in the Delta and on the Shelf and Nile Cone, 
which more commonly displays one or two generations of cracks 


(Fig. 3/). 


provenance 


The mineralogical composition of terrigenous sand-sized 


material in surficial Egyptian Shelf and Quaternary Nile Cone 
samples, including DSDP Site 131, are genetically related to.a 
Nile apport. The large station-to-station differences in the rela- 
tive percentage of heavy minerals in the surficial Egyptian Shelf 
samples primarily reflect size sorting and density concentration 
(lag) effects due to sea floor processes that have reworked both 
modern and relict sediments’*®. During the Pleistocene, Nile- 
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derived sandy fluvial, deltaic and eolian deposits were emplaced 
downslope by  gravity-induced _resedimentation proces- 
ses*'”:'?° The observed fluctuations in relative percentages of 
heavy minerals between samples within any core and between 
piston core localities on the different parts of the Nile Cone 
proper more closely record differences of processes than 
changes in provenance. This is demonstrated, for example, by 
the progressive diminution downslope, in the same textural 
grade, of denser opaque minerals. Both heavy and light mineral 
suites in Nile Cone Quaternary short piston core and DSDP Site 
131 samples are essentially comparable with those described in 
the main Nile by Shukri'*'*, and in the sediments of the Delta 
and related Nile-derived older sections'*’’*', which show a 
contribution (including relatively high percentages of 
pyroxenes) from the Blue Nile, Atbara and other tributaries 
draining the Abyssinian volcanic source terrains. 

Although composition of the probable lower to middle Pleis- 
tocene sands at DSDP Site 130 and Pleistocene sands in Pills- 
bury core 6510-17 is broadly similar to the Nile-derived sedi- 
ment on the Nile Cone, our investigation emphasises some 
Significant mineralogical differences on the southern part of the 
Ridge. We believe that the distinct suite of mineral species in the 
Ridge samples indicates input from a more proximal source 
terrain in addition to the Nile-derived sands. The much higher 
proportion of amphiboles in southern Ridge cores is not, as 
previously suggested, due only to a finer grain size in this more 
distal sector; examination of comparable textural grades in Nile 
Cone DSDP Site 131 and Vema 10-53, 55 and 57 core samples 
all show substantially lower proportions of amphiboles than in 
DSDP Site 130 and P6510-17 core samples (Fig. 1). Further- 
more, the greater proportion of angular grains of both heavy and 
light components (apatite, serrated pyroxenes, quartz, feldspar), 
an increased percentage of unaltered feldspar grains, apatite and 
brown hornblende, the presence of glaucophane grains, angular 
quartz overgrowth on euhedral and subhedral quartz grains, a 
radiating crack pattern within some euhedral quartz and feld- 
spar grains, and a generally lower proportion of solid inclusions 
in quartz grains identify a mineralogical assemblage distinct 
from that in the modern to pre-Quaternary main Nile, Nile 
Delta and Nile coastal deposits. 

The angular, serrated and non-altered state of various mineral 
species in the Ridge samples records minimum weathering- 
abrasion effects; this is in contrast with the reworked, suban- 
gular to rounded and often altered grains on the Egyptian Shelf 
and Nile Delta that invariably show considerable effect of one or 
multi-cycle fluvial or eolian (or both) transport. The immature 
mineral fraction in DSDP Site 130 and P6510-17 sands records 
the introduction of material from more proximal plutonic 
igneous and possibly also metamorphic sources rather than from 
distal African terrains. The compositional mix of reworked 
Nile-derived material and ‘fresh’ components would imply the 
addition of new sediment at some point between the Nile 
Delta—Egyptian Shelf sector and the Ridge core localities. As 
most of the sands examined in cores DSDP Site 130 and 
P6510-17 were emplaced by turbidity currents and associated 
gravity induced mass-flow processes, we are required to 
consider some modification of the direct downslope SE to NW 
dispersal path that has prevailed in this sector during the late 
Quaternary'*”". 


Two-phase dispersal pattern 


Where did the fresh sedimentary material enter the transport 
system? An extensive seismic survey of the Nile Cone by Ross 
and Uchupi? does not reveal basement series at or near the 
surface between the Nile Delta and the Ridge, and we exclude a 
southerly position for the introduction of fresh minerals. 
Transport from a northern Hellenic Arc—Crete source is pre- 
cluded on the basis of the heavy mineral composition which is 
significantly different in that sector, a view also adopted by 
Bartolini et al.'”. Cyprus and the Eratosthenes Seamount. 
located approximately 300 km NE and E of the sample sites, 
while not excluded, seem to be unlikely source areas. We can do 





Fig. 3 Photomicrographs showing details of quartz from Nile 
Cone and Mediterranean Ridge core samples. a, Quartz with 
inclusions of partially altered zircon (z), segmented rutile needles 
(r) and orientated minute gas (g) bubbles (outer Egyptian Shelf, 
Pillsbury 6510-10, 90 cm); rutile segments are of variable length 
and arranged in a regular pattern; scale bar, 55 um. b, Quartz with 
non-oriented inclusions of apatite (a) and rutile (r) needles (outer 
Egyptian Shelf, Pillsbury 6510-10, 90 cm) scale bar, 20 um. c, 
Angular secondary overgrowth (O) on subhedral quartz, with 
orientated cracks and green solid inclusions (southern Mediter- 
ranean Ridge, Pillsbury 6510-17, 452 cm) scale bar, 10 um. d, 
Rounded secondary overgrowth (O) partially surrounding a 
subrounded quartz grain, which shows a system of orientated 
cracks with secondary inclusions (outer Egyptian Shelf, Pillsbury 
6510-10, 90 cm) scale bar, 55 um. e, Subhedral quartz with radiat- 
ing crack pattern displaying fissures that extend outwards from the 
centre of the grain (southern Mediterranean Ridge, DSDP Site 
130-5-2, 90-91 cm) scale bar, 50 um. f, Round quartz grain 
displaying two generations of cracks lined with secondary 
inclusions, and an apatite (a) solid inclusion (outer Egyptian Shelf, 
Pillsbury 6510-10, 90 cm) scale bar, 55 um. 


little more, at this point, than invoke a two-phase dispersal 
pattern: transport downslope of recycled African sand on the 
Nile Cone surface in a direction away from the Nile Delta to an 
area north of the present Herodotus Basin plain during a first 
stage of Nile Cone progradation’, and then a remobilisation and 
subsequent short-distance transport of this Nile-derived 
material to which a distinct igneous and metamorphic fraction 
has been added in the Ridge area. The topographically complex 
configuration of the Ridge is of geologically recent Origin, and it 
is possible that some resedimentation occurred during the Pleis- 
tocene in the area where transport would not be possible on the 
present Ridge surface. 

Immature mineral assemblages in Pleistocene sands of the 
short P-6510-17 core, about 90km NE of the much older 
Pleistocene DSDP Site 130 locality, strengthens the hypothesis 
of yet undefined igneous-metamorphic sources in the south- 
central Ridge area. The possibility of a surface or near-surface 
exposure of sub-sedimentary basement on the Ridge should not 
be readily dismissed although no specific evidence for this has 
been provided by gravity measurements or seismic profiles. Our 
findings, not inconsistent with compressive thrust-belt® and 
décollement* reconstructions, Suggest that possibility of some 
movement of basement, perhaps as part of an allochthonous 
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slice. The petrographic evidence indicating local input should be 
considered in developing an interpretive scheme for the Medi- 
terranean Ridge. 
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Characterisation of deletions which affect the 
expression of fetal globin genes in man 


Edward F. Fritsch, Richard M. Lawn & Tom Maniatis 
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Deletions in the DNA of individuals with hereditary 
persistence of fetal haemoglobin (HPFH) and 6B-thalas- 
saemia have been mapped as a means of identifying 
regulatory sequences involved in the switch from fetal to 
adult globin gene expression. The end points of these 
deletions have been precisely located with respect to restric - 
tion endonuclease cleavage sites within and surrounding 
the y-, 8- and B-globin genes in normal human DNA and 
the deletion maps were used to obtain definitive evidence for 
the physical linkage of the fetal and adult B-like globin 
genes in the order 5/Cy-“y-8-B3'. Correlation of haema- 
tological data and the location of deletions in two cases of 
HPFH and one case of 5B-thalassaemia suggest that a 
region of DNA located near the 5'-end of the 5-globin gene 
may be involved in the suppression in cis of y-globin gene 
expression in adults. The interpretation of a second case of 
&B-thalassaemia is complicated by the fact that the deletion 
removes the “y-gene in addition to the region near the 
5'-end of the 5-globin gene. 





HUMAN globin genes provide a unique system for studying the 
nature of mutations which alter the normal programme of 
differential gene expression during mammalian development. 
For example, in normal individuals the fetal 6 -like globin genes, 
designated “y and ôy, are turned down at 32-34 weeks of 
gestation, while the adult B-like genes, designated ô and 8, are 
turned up. Certain genetic disorders have been described in 
which this control ‘switch’ is altered (see refs 1, 2 for reviews); in 
that designated hereditary persistence of fetal haemoglobin 
(HPFH)'"'?, often neither the 8- nor the B-globin chains are 
synthesised in adult erythroid cells, but one or both of the 
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y-globin genes continue to be expressed, compensating for the 
B-globin deficiency. In 58-thalassaemia, no 6- or B-globin 
chain synthesis is detected in adults, but in contrast to HPFH, 
compensation by continued fetal globin synthesis is incomplete. 
The resulting imbalance of a- and non-a-globin polypeptide 
synthesis in homozygous 66 -thalassaemia leads to anaemia and 
red cell abnormalities characteristic of thalassaemia 
syndromes’. Differences in the pattern of globin gene expression 
in individuals with HPFH and 68 -thalassaemia led to the pro- 
posal that sequences necessary for the repression of y-globin 
gene expression in the adult might be deleted in HPFH DNA’. 
In fact, when DNAs from individuals homozygous for HPFH or 
§B-thalassaemia were examined by solution hybridisation 
experiments, extensive deletions of B-globin gene sequences 
were observed**. This result was confirmed”’® using the blot 
hybridisation technique of Southern’? to map single copy 
genes'*'*, Mapping deletions in HPFH and 68-thalassaemia 
may provide insights into the mechanism of the switch from fetal 
to adult globin gene expression. 

Advances in physical mapping and gene cloning procedures 
have made it possible to determine the linkage arrangement of 
human fetal and adult globin genes and have provided hybridis- 
ation probes for examining DNA which lies outside gene 
sequences. Previous genetic evidence’ and structural analysis 
of the fusion proteins Lepore’ and Kenya’’ suggested that the 
fetal and adult B-like globin genes are linked. Physical linkage of 
the 6- and B-globin genes’®'® and of the “y- and “y-globin 
genes?? was demonstrated using blot hybridisation’? and gene 
cloning”! procedures. Physical linkage between 5-8 and °y-“y 
gene loci has not been demonstrated. 

In this report we use cloned complementary DNA and 
genomic DNA fragments as probes in blot hybridisation 
experiments to map the end points of deletions in DNA from 
individuals homozygous for HPFH or 88-thalassaemia. In addi- 
tion, we unambiguously demonstrate direct physical linkage 
between the fetal and adult globin genes. 


© Macmillan Journals Lid 1979 


Nature Vol. 279 14 June 1979 


Deletion mapping 

Deletions in two cases each of homozygous hereditary persis- 
tence of fetal haemoglobin (HPFH-1 and 2)°*"''!!? and of 
homozygous 68-thalassaemia (58-1 and 2)°'°?? were mapped 
relative to restriction endonuclease cleavage sites within and 
surrounding the y-, ô- and B-globin genes in normal human 
DNA. The map of these cleavage sites in normal DNA shown in 
Fig. 1a was derived by analysis of cloned globin genes’? and by 
blot hybridisation experiments described here and else- 
where'"****. To scan the entire 8-like gene locus systematically 
for the location of deletions, blots of each type of mutant DNA 
were first hybridised individually with in vitro labelled B- or 
y-globin cDNA plasmids” or with a cloned DNA fragment from 
a region between the adult and fetal globin genes. Precise 
localisation of the end points of the deletions was then accom- 
plished by additional enzyme digestions as described in detail 
below. 


HPFH-1 DNA 


HPFH-1 DNA was obtained from an individual homozygous for 
a type of HPFH in which both the ^y and °y polypeptides are 
produced in adults’. Initially, normal and HPFH-1 DNA were 
compared by blot hybridisation procedures using the 8-globin 
cDNA plasmid as probe (Fig. 2a). As expected from the restric- 
tion map of Fig. la, digestion of normal DNA with EcoRI 
produces four fragments (5.2, 3.6, 2.3 and 1.75 kilobases) which 
hybridise the 8-globin cDNA probe (Fig. 2a). Similarly, diges- 
tion with Taq! produces two hybridising fragments (8.5 and 3.0 
kilobases) while digestion with Xbal produces a single hybridis- 
ing fragment (10.8 kilobases). In contrast, no hybridising frag- 
ments are observed following digestion of HPFH-1 DNA, 
indicating that, in agreement with liquid hybridisation’ and blot 
hybridisation’? experiments, HPFH-1 DNA has little or no g- 
or 5-globin gene sequences. 


EcoRI a a. a ee ee: ee a a G ee Y ee 
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Fragments characteristic of normal DNA were observed 
when HPFH-1 DNA was digested with EcoRI, BglII or SacI and 
hybridised to the y-globin probe (Fig. 26). These results indicate 
that the left end point of the deletion in HPFH-1 DNA is located 
to the left of the 6-globin gene as shown in Fig. 1a. We therefore 
hybridised blots of HPFH-1 DNA with a cloned 0.5-kilobase 
fragment which lies 4 kilobases to the left of the 6-globin gene’? 
(‘RI H’; see Fig. 1a) to determine whether the RI H sequence is 
present in HPFH-1 DNA and to map the surrounding restriction 
enzyme sites. As shown in Fig. 3a, a 7.2-kilobase fragment is 
observed in both normal and HPFH-1 DNA digested with 
EcoRI, indicating that the RI H sequence is present and that the 
end point of the HPFH-1 deletion is located to the right of RI H. 

To map this end point further, additional enzyme digests were 
carried out. Digestion of normal DNA with Psd, Xbal or Tagl 
yields single fragments of 4.8, 1.2 and 2.0 kilobases, respec- 
tively, which hybridise to the RIH probe (Fig. 35). Double 
digests with EcoRI were carried out to map these sites in normal 
DNA with respect to RIH. Fragments of 3.2 kilobases 
(Psi / EcoRI), 0.5 kilobases (Xbal/EcoRI), and 1.6 kilobases 
(Taql/ EcoRI) were observed. These results identify PstI, Xbal 
and Taqi cleavage sites 3.2, 0.5 and 1.6 kilobases, respectively, 
to the left of the EcoRI site at the right end of RIH. By 
subtraction from the size of the single digest products, Pstl, Xbal 
and Taqi sites lie 1.6, 0.7 and 0.4 kilobases to the right of this 
EcoRI site (see Fig. la). 

Similar single and double enzyme digests were carried out 
with HPFH-1 DNA to determine which of these sites is altered 
(Fig. 36). The sizes of the RIH hybridising fragments in the 
double enzyme digests are identical to those observed with 
normal DNA, indicating that the Ps, Xbal and Tad] sites to the 
left of RI H are not altered in HPFH-1 DNA. However, the sizes 
of all the hybridising fragments produced in single enzyme 
digests are altered, indicating that sites to the right of RI H are 
removed by the deletion (Fig. 3b). These data place the end 
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Fig.1 A map of restriction endonuclease cleavage sites within and surrounding the human y-, 6- and B-globin genes. a, The arrangement of fetal and adult 8-like’ 
globin genes within a 43-kilobase segment of human DNA. Physical linkage of the adult 5- and @-globin genes'*'* and the fetal °y- and “»-globin genes?’ has been 


previously described. The physical linkage of the fetal and adult globin genes is described in the text. The direction of transcription of the four linked genes is left to 
right (5’-» 3'). The solid boxes represent the locations of mRNA coding regions. The open boxes represent the large non-coding intervening sequence in each 
gene'*-?023.24 This intervening sequence is located between codons 104 and 105 in the ô, £ (ref. 19) and ^y (ref. 23) genes. Sizes of the “y-, ^y-, 8- and B-globin 
intervening sequences are approximately 850, 850, 950 and 900 hase pairs, respectively. A smaller intervening sequence identified in the B- and “y-genes and 
presumably present in the °y- and 6-genes is not shown. The brackets below the gene map indicate the positions of the Xba y, RI H and Pst 6 fragments. These 
fragments are used as hybridisation probes in some experiments and are described in detail in the appropriate figure le gends. For each of the restriction endonucleases 
indicated on the left, the relative locations of cleavage sites are marked by a vertical tine. The sizes for the restriction enzyme fragments are given in kilobases. 
Question marks indicate that the presence of additional cleavage sites has not been determined. The locations of cleavage sites within the region delineated by the 
upward-pointing arrows were determined from an analysis of the clone HAG1 which contains the linked ô- and 6-globin genes (ref. 19 and our unpublished results). 
Some cleavage sites within the region delineated by the downward-pointing arrows were determined by an analysis of the clone HyG1 which contains the °y- and 
^ y-globin genes (unpublished results). Additional cleavage sites within and surrounding the y~, 8- and B- globin genes were mapped by blot hybridisation experiments 
(refs 18, 20, and this paper). b, The regions of the B-like globin gene locus deleted in HPFH and 8 DNAs are indicated by solid boxes. The precise locations of the end 
points of the deletions are within the regions specified by the hatched boxes. The locations of the rightward ends of the deletions are not known. 
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point of the HPFH-1 deletion within the 400-base pair region 
between the EcoRI site bounding the RI H fragment and the 
Taq] site to the right. The deletion therefore extends from 
approximately 4 kilobases to the left of ô to at least 4 kilobases 
beyond the 3’ end of the @-globin gene, which is the rightward 
limit of our restriction map. Thus, the deletion in HPFH-1 DNA 
removes at least 16 kilobases of DNA (Fig. 1b). 


HPFH-2 DNA 


DNA from a second case of homozygous HPFH was also 
examined'*'?. This DNA was obtained from an individual 
apparently unrelated to the HPFH-1 case. As with HPFH-1, 
HPFH-2 lacks the ô- and 8-globin genes and contains no 
detectable alteration within or closely surrounding the y-globin 
genes (data not shown). When HPFH-2 DNA was examined in 
an experiment identical to that of Fig. 3b, an identical result was 
obtained (data not shown). Therefore, the deletion in HPFH-2 
DNA is indistinguishable from that in HPFH-1 DNA. 


5B-1 DNA 


Hybridisation of 68-1 DNA with the y-globin probe revealed 
fragments characteristic of normal DNA (Fig. 2b). However, 
with the B-globin probe (Fig. 2a) a single hybridising fragment 
was observed in 58-1 DNA digested with EcoRI (3.0 kilobases) 
(see also ref. 9), TagI (2.3 kilobases) and Xbal (2.5 kilobases). 
All these sizes differ from those found in normal DNA. This 
result indicates that a portion of either the B- or 5-globin gene is 
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Fig. 2. Hybridisation of normal, HPFH-1 and 48-1 DNAs with cloned B- 
and y-globin cDNA probes. Human DNA was isolated from transformed 
lymphoid cells*’ using the procedure of Blin and Stafford*®. DNA samples 
were digested separately with EcoRI, Tagl or Xbal, electrophoresed in a 
horizontal 0.8% agarose slab gel and transferred to nitrocellulose filter 
paper'®, The Hhal fragments containing B- or y-globin cDNA sequences 
were isolated from the plasmids p)W102 or pJW151 (ref. 25), respectively, 
labelled with **P by nick translation?” and hybridised to the filter-bound 
DNA'>!5. (The recombinant DNA containment level of P3* EK2 was used 
as outlined in the National Institutes of Health Recombinant DNA Research 
Guidelines.) Following hybridisation the filters were washed sequentially in 
ix, 1/2 and 1/4 washing buffer at 68°C (1* buffer is 50 mM NaCl, 
10 mM Tris-HCl, pH 7.5, 1 mM EDTA, 0.1% SDS) and exposed to X-ray 
film using two DuPont Cronex lighting plus intensifier screens. Bacterio- 
phage A DNA digested with Hind III (ref. 19) and pBR322 DNA digested 
with Hinfl (ref. 28) were included in the gel as size standards. The positions 
of some of the markers are indicated to the left of the autoradiogram (in 
kilobase pairs). a, Digests of 68-1, HPFH-1 and normal (N) DNA hybridised 
with the B-globin probe. The position of the weakly hybridising 1.75- 
kilobase 3'-5 EcoRI fragment is indicated by the dot. b, Digests of the same 
DNAs hybridised with the y-globin probe. Two additional EcoRI fragments 
(1.6 and 0.6 kilobases)*° are not detected by the y-globin cDNA plasmid 
used here, which lacks a portion of the 3’-mRNA sequence. 
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present in 58-1 DNA. Hybridisation of BamHI-digested 58-1 
DNA with the RI H probe revealed a fragment identical to that 
found in normal DNA (data not shown). This result suggests that 
58-1 DNA might contain 5’-5-gene sequences, as the BamHI 
site nearest to the RI H fragment is located within the 5-gene. 
The restriction enzyme Pvull was used to demonstrate the 
presence of 5'-6-sequences of 8-1 DNA. A Poull site is present 
in the 5'-end of the -globin gene and no other Pvull sites are 
found in either the B- or 6-globin genes’. To detect -globin 
gene sequences we used a cloned PsA fragment (‘Pst 6’; see Fig. 
la) which contains the ô-globin gene and surrounding 
sequences. 

Digestion of 68-1 DNA with PstI produces a single fragment 
of 10.5 kilobases which hybridises to the Pst ô probe. Fragments 
of 7.3 and 0.9 kilobases are produced in a Pstl/Poull double 
digest (Fig. 4a). The presence of a fragment which is cut by Poull 
to produce two fragments which hybridise the 6-globin probe 
indicates that a portion of the 6-globin gene is retained in d8-1 
DNA. A similar conclusion was obtained from EcoRI and Poull 
digests (data not shown). 

A BamHI site is located to the right of the Pvull site in the 
8-globin gene. To determine whether this BamHI site is present 
in 68-1 DNA, double digests with BamHI were carried out. A 
BamHI/Pstl digest of normal DNA produces fragments of 0.95 
and 1.35 kilobases which hybridise the Pst ô probe (Fig. 4b; a 
weakly hybridising B-gene fragment is also seen). The 0.95- 
kilobase fragment corresponds to the Pstl/ BamHI fragment to 
the left of the intragenic BamHI site, whereas the 1.35-kilobase 
fragment corresponds to the BamHI/Pstl fragment to the right 
of this site. A BamHI/Psdl digest of 58-1 DNA produces a 0.95 
and a 3.3-kilobase fragment but no 1.35-kilobase fragment. 
Similarly, a BamHI/EcoRI digest of normal DNA produces 
fragments of 1.3, 1.0 and 1.75 kilobases (plus a B-gene frag- 
ment). The 1.3-kilobase fragment corresponds to the 
EcoRI/ BamHI fragment to the left of the intragenic BamHI 
site; the 1.0-kilobase fragment to the BamHI/EcoRI fragment 
containing the 6-globin intervening sequence; and the 1.75- 
kilobase fragment to the EcoRI fragment containing the 3- 
portion of the 6-globin gene. A BamHI/EcoRI digest of 68-1 
DNA produces a 1.3-kilobase 5’-6-gene fragment and a 1.9- 
kilobase fragment but not the 1.0- or 1.75-kilobase fragments of 
normal DNA. Together these results indicate that the restriction — 
enzyme sites leftward from the intragenic BamHI site are 
present and that the EcoRI and Psfl sites to the right of the 
BamHI site are missing in 5B-1 DNA. This conclusion was 
confirmed by comparing EcoRI/Pvull or Psti/Pvull digests of 
normal and 58-1 DNAs (data not shown). 

To further delineate the end point of the deletion, we 
compared the Hpal digestion patterns of normal and ôg-1 
DNA, as an Hpal site is located within the intervening sequence 
of the 5-globin gene approximately 150 base pairs to the left of 
the EcoRI site (unpublished results). Digestion of normal DNA 
with Hpal produces fragments of 1.9 and 1.4 kilobases which 
hybridise with the é-globin probe (Fig. 4c; a large B-gene 
fragment is also observed). The 1.9-kilobase fragment contains 
the 6-globin gene and the portion of the intervening sequence to 
the left of the Hpal site, and the 1.4-kilobase fragment contains 
sequences to the right of the Hpal site. Digestion of 68-1 DNA 
yields only one hybridising fragment of 2.1 kilobases, indicating 
that at least two of the three Hpal sites which delineate the 1.9- 
and 1.4-kilobase fragments in normal DNA are missing. Addi- 
tional experiments using the RI H probe indicate that the Hpal 
site to the left of the 5-globin gene in normal DNA is present in 
68-1 DNA (data not shown). Therefore, the Hpal site near the 
right end of the intervening sequence is absent in 68-1 DNA. 

In double digests with BamHI and either Pstl or EcoRI, 
sequences to the right of the BamHI site hybridised to the Pst 4 
probe. To form a stable hybrid in the conditions used, more than 
the 12 base pairs of coding sequence between the BamHI site 
and the beginning of the intervening sequence are required. 
Hence, at least some of the 5-globin intervening sequence must 
be present in 68-1 DNA. Therefore, the deletion in 68-1 DNA 
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Fig.3 Hybridisation of normal and HPFH-1 DNA with the RI H fragment. 
Normal and HPFH-1 DNAs were hybridised as in Fig. 2 with in vitro labelled 
RI H DNA. The RI H fragment in HBG1 DNA is located approximately 4 
kilobases to the left of the 5-globin gene (Fig. 1a) and is bounded on the right 
end by an EcoRI site present in genomic DNA and on the left end by an 
artificial EcoRI site created during the construction of the human DNA 
library'”. The RI H fragment was isolated from H8G1, subcloned into the 
EcoRI site of the plasmid pMB9 (ref. 29) and grown in Escherichia coli 
x1776 (ref. 30). The RI H fragment was isolated from purified plasmid DNA 
of the subclone following EcoRI digestion. a, EcoRI digest; b, single and 
double enzyme digests using Tagl, Xbal and Psd with EcoRI. 


begins within the large intervening sequence of the 6-globin 
gene and extends to at least 4 kilobases to the right of the 
B-globin gene (Fig. 1b). 


6B-2 DNA 


When 658-2 DNA™ was digested with various restriction 
endonucleases, blotted and hybridised with the B-globin probe, 
no hybridisation was observed (ref. 10 and our unpublished 
results). Moreover, we detect no hybridisation with the RI H 
probe. The deletion in 58-2 DNA therefore extends through the 
ô- and B-globin genes and beyond the RI H sequence. We next 
determined whether the deletion also covers restriction enzyme 
sites near the y-globin genes. In Bg/l digests of normal DNA a 
13-kilobase fragment containing both y-globin genes was 
detected (Fig. Sa). However, in 58-2 DNA a 7-kilobase frag- 
ment was observed, indicating that one of the two Bgill sites 
surrounding the y-globin genes is deleted in 58-2 DNA. Diges- 
tion of normal DNA with EcoRI produces fragments of 7.2 and 
2.7 kilobases which contain the 5’-portions of the °y and 
“y-genes, respectively”’. (Two fragments of 1.7 and 0.8 kilo- 
bases containing the 3’ portions of these genes” are not 
efficiently detected with the pJW151 ycDNA probe.) Only the 
7.2-kilobase 5' °y fragment was detected in 58-2 DNA. Thus, 
part or all of the “y-gene is deleted in ôß-2 DNA and sequences 
to the left of and including the intragenic EcoRI site in the 
“y-gene are present. This conclusion is consistent with the 
BamHI hybridisation pattern. BamHI digestion of normal 
DNA produces fragments of 15.5, 5.1 and 2.6 kilobases which 
hybridise to the y-globin probe (Fig. 5b). These fragments 
contain, respectively, 3’ ^y, 3’°y plus 5'^y, and 5'°y 
sequences. Only the 5’°y fragment is observed in BamHI 
digests of 58-2 DNA. The end point of the deletion within the 
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y-globin gene locus was more precisely mapped using the 
enzyme Sacl. 

Sacl digestion of normal DNA produces fragments of 3.8 and 
2.7 kilobases which hybridise the y-globin probe (Fig. 5b). 
These fragments contain the ^y- and “y-gene sequences, 
respectively. SacI digestion of 58-2 DNA produces only the 
2.7-kilobase “y fragment, indicating that the Sacl site to the 
right of the “ y-intragenic EcoRI site is present in 58-2 DNA. No 
additional fragments were observed, again implying that part or 
all of the “y-gene is deleted. 

To determine whether the EcoRI site to the right of the 
“y-gene is present in 58-2 DNA, a cloned genomic DNA 
fragment containing 3'-°y sequences was used as a probe (Xba 
y; Fig. 1). Figure Sc shows the EcoRI lanes from the filter of Fig. 
5a reprobed with the Xba y fragment. With the Xba y probe the 
1.7-kilobases 3'-°y EcoRI fragment of normal DNA is detected 
(compare Fig. Sa and c). This fragment is missing in 58-2 DNA, 
indicating that the deletion removes the EcoRI site to the right 
of the “y-gene. Thus, the deletion in 58-2 DNA begins in the 
region between the SacI site within the “ y-gene*’ and the EcoRI 
site to the right of the gene and extends through the “y-gene. 
The same (or possibly a second) deletion extends through the 
RI H, ô- and B-globin sequence (Fig. 1b). 


Physical linkage of y-, ô- and B-globin genes 
Linkage between the fetal and adult globin genes was suggested 
by structural analysis of Hb Kenya”, a fusion protein consisting 
of “y-globin N-terminal and B-globin C-terminal sequences. 
However, direct physical linkage has not been demonstrated. 
We have used cloned genomic DNA hybridisation probes and 
the deletion map of HPFH-1 DNA (Fig. 1b) to demonstrate 
unambiguously physical linkage between the ^y- and 5-globin 
genes. 

Initially, we identified large restriction enzyme fragments in 
normal DNA which hybridise the y-globin and RI H probes. As 
shown in Fig. 6a the RI H probe hybridises with a 15.5-kilobase 
BamHI fragment and a 14.0-kilobase Hpal fragment in normal 
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Fig. 4 Hybridisation of normal and 58-1 DNAs with the 6-globin Psl 
fragment. Normal and 68-1 DNAs were hybridised as described in the 
legend to Fig. 2 with in vitro labelled Pst 8 DNA. The Pst & fragment of 
HBG1 DNA contains the -globin gene and some surrounding sequences 
(Fig. la). The Pst & fragment was isolated from HBG 1, subcloned into the 
Pstl site of the plasmid pBR322 (ref. 31) and grown in E. coli x 1776 (ref. 30). 
The Pst ô fragment was isolated from the purified plasmid DNA of the 
subclone following PstI digestion. a, Pstl/Pvull double digest; b, double 
digests using EcoRI, Psi and BamHI; c, Hpal digest. 
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DNA. Fragments of these sizes are also detected using the 
pJW151 y-gene probe (Fig. 65) ora probe specific for the 3’-end 
of the y-genes (Fig. 6c). The 15.5-kilobase fragment cor- 
responds to a 15-kilobase fragment which was previously shown 
to contain 3'-“y-sequences”’. Our mapping experiments 
(unpublished) indicate that the 14.0-kilobase Hpal fragment 
also contains 3’ y-sequences. These results indicate that RI H 
and 3'^y-sequences are present on fragments of identical size in 
BamHI or Hpal digests. Thus, the 3’ end of the ^y-gene seems 
to be linked to the RI H fragment. Definitive evidence for this 
linkage relationship was obtained by comparing the sizes of the 
BamHI and Hpal fragments in normal and HPFH-1 DNA using 
RI H and y-globin probes. If the linkage arrangement proposed 
above is correct, the deletion in HPFH-1 should alter the size of 
the BamHI and Hpal fragments detected by both the RI H and 
y-probes. As predicted, the 15.5-kilobase BamHI and 14.0- 
kilobase Hpal fragments of normal DNA are not seen in HPFH- 
1 DNA. whereas 13.0-kilobase BamHI and 13.0-kilobase Hpal 
fragments are observed (Fig. 6a-c). Thus, the deletion in 
HPFH-1 DNA, which terminates near the RI H fragment, has 
an identical effect on the size of restriction enzyme fragments 
detected by either the RIH or y-gene probes. These results 
definitely establish physical linkage between the 3'-“y-gene and 
the RI H fragment. 

We have previously shown that the RI H fragment is linked to 
the 5’ end of the 5-globin gene in cloned genomic DNA”. The 
linkage of the 3'-^y-gene with the RIH fragment described 
here, and the linkage of the RI H fragment with the 5'-6-gene 
previously described provide unambiguous proof for the linkage 
arrangement shown in Fig. 1a. Consistent with this conclusion, 
we have observed that a 15.5-kilobase BamHI fragment also 
hybridises with the B-globin probe (Fig. 6d) in conditions in 
which cross-hybridisation of y-gene sequences with the B-globin 
probe is not observed (compare Fig. 6b and d). The B-like globin 
genes are therefore arranged in the order: 5'“y-*y-6-B3’. 


Discussion 


We have used the detailed map of restriction endonuclease 
cleavage sites within and surrounding the 6- and B-globin genes 
to locate the end points of deletions in the DNA from individuals 
with 58-thalassaemia and HPFH we have designated 58-1 and 
HPFH-1 and 2. The deletions in HPFH-1 and 2 are indis- 
tinguishable. In addition, the haematological findings in the two 
cases are virtually identical**'''’, Although there is no known 
family relationship between the HPFH-1 and 2 individuals, it is 
possible that the HPFH chromosomes in the two cases had the 
same ultimate origin. Alternatively, it is possible that the end 
point of the deletions represents a mutational hot spot so that 
the two deletions were in fact the products of independent 
events. 

The haematological findings in the 68-1 and HPFH-1 and 2 
cases reveal several significant differences**'''***. In 58-1, 
characteristics of thalassaemia which include anaemia and 
hypochromic, microcytic red cells were observed. In addition, 
analysis of heterozygous relatives indicated that 10% of their 
haemoglobin was HbF containing both “y- and “y-polypeptide 
chains and the cellular distribution was heterogenous (30-40% 
of the cells stain for HbF). In HPFH-1 and 2 none of the 
characteristics of thalassaemia was observed. In heterozygous 
relatives approximately 20-30% of the haemoglobin was HbF 
(both “y and ^y) and the cellular distribution was homogenous 
(100% of the cells stain for HbF). The high levels of HbF found 
in 5B-thalassaemia heterozygotes may be due in part to the 
increased proliferation or selective survival of a small popu- 
lation (1%) of ‘F-cells’ found in the blood of normal individu- 
als‘. This is not a general phenomenon, however, as in 
heterozygous #°-thalassaemia, which in most cases is a non- 
deletion type of B-globin deficiency’, very little HbF is found in 
adults. In fact, homozygous B°-thalassaemia is a much more 
severe type of anaemia than homozygous 5B-thalassaemia. 
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Fig. 5 Hybridisation of normal and 68-2 DNAs with the cloned y-globin 
cDNA plasmid and with the Xba y fragment. Normal and 68-2 DNAs were 
hybridised as in Fig. 2 with the in vitro labelled Hhal fragment of pJW151 
DNA® or the Xba y fragment. The Xba y fragment was isolated following 
Xbal digestion of HyG1, a clone of human DNA containing the y- and 
“y-globin genes (unpublished results). The Xba y fragment contains the 
DNA sequences between Xbal sites located at similar positions in the 
intervening sequence of the °y- and Ay-genes (Fig. la). a, Bglll, EcoRI 
digests using the y probe; b, BamHI, Saci single and double digests using the 
y probe; c, EcoRI lanes from a reprobed with the Xba y fragment. 


Thus, there seems to be a correlation between the extent of 
the deletion of the 5- and B-globin genes and the level of 
y-globin gene expression in adults, suggesting that sequences 
involved in the suppression of y-gene expression are located in 
the 5-B-globin gene region. This deletion model for y-gene 
expression in adults was first elaborated by Huisman et al.’. A 
comparison of the deletions in HPFH-1 and 2 and 58-1 suggests 
that one such regulatory sequence may be located within a 
4-kilobase region on the 5' side of the 5-globin gene. An 
alternative possibility is that HPFH-1 and 2 are double mutants, 
the second lesion affecting a negative regulatory sequence 
located in the y-globin gene region’. Our data rule out the 
presence of a large deletion of sequences surrounding the 
y-genes, but a small deletion or point mutation would not have 
been detected. Although the occurrence of a second mutation in 
all the different types of HPFH described seems unlikely, the 
double mutation hypothesis remains a formal possibility. 
Furthermore, the possibility that the HPFH phenotype results 
from the deletion of sequences 3’ to the B-globin gene cannot be 
ruled out by our data since we have not located the rightward 
end points of the various deletions. However, the fact that 
individuals with Hb Kenya express the HPFH phenotype argues 
against this possibility. In Hb Kenya the region between ^y and 
ô genes is thought to be missing but the sequences which lie to 
the 3’ side of the B gene are presumed to be intact’. 

If there are regulatory sequences surrounding the ô- and 
B-globin genes, what is the nature of their action? Analysis of 
heterozygous cases of HPFH in which only one of the y-globin 
chains is expressed in adults have led to the suggestion that the 
HPFH deletion affects y-gene expression in cis. For example, in 
heterozygotes of “ y-HPFH, only the “y-polypeptide is detected 
in adults even though the “y-chain on the normal chromosome is 
functional (the “y-polypeptide is detected at birth in individuals 
with °y-HPFH but disappears during postnatal development)”. 
If the regulatory sequence acted in trans, sequences on the 
normal chromosome would suppress the expression of both 
y-genes in the heterozygote. An analogous argument can be 
made for the heterozygous “y*y-types of HPFH. If, indeed, a 
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cis-acting regulatory sequence is present in 58-1 but absent in 
HPFH-1 and 2 DNAs, its location, 12 kilobases to the 3’ side of 
the “y-gene (Fig. 1), is unprecendented. We know of no example 
of a 3'-cis acting control sequence in either a prokaryotic or 
eukaryotic gene system. However, it is reasonable to suppose 
that sequences which lie to the 3’ side of a gene could function in 
globin RNA processing or splicing’, in the activation of a 
chromosome region similar to the phenomenon of puffing in 
Drosophila polytene chromosomes”, or in an immunoglobulin- 
type rearrangement of DNA sequences during development*®. 
The availability of cloned segments of DNA covering the entire 
B-like globin gene locus will make it feasible to test these 
possibilities. 

The correlation of the haematological data of the 58-2 case 
with the deletion map of Fig. 1 seems to argue against the 
existence of a negative regulatory sequence on the 5‘ end of the 
6-globin gene. Clinical data reveal a moderately severe anaemia 
which includes marked disorders in red cell morphology. The 
heterozygous parents of 88-2, who are first cousins, have 10- 
13% HbF which is non-uniformly distributed. Although peptide 
analysis of the HbF in 68-2 has not been reported, our data show 
that only the “y-chain could be produced. Thus, 58-2 seems to 
be an example of “y-58-thalassaemia. However, the deletion 
model would predict an HPFH phenotype as the putative 
regulatory sequence located near the 5’ end of the 5-globin gene 
is missing in 58-2 DNA. This discrepancy might be explained by 
the fact that the deletion in 68-2 DNA extends through the 
“y-gene and into the region between the ^y and “y-genes. Only 
one case each of homozygous “y-HPFH"’* and “y-58-thalas- 
saemia™” (88-2) has been reported. These individuals were 
designated HPFH or 68-thalassaemia on the basis of analysis of 
heterozygous relatives even though both homozygotes dis- 
played many of the characteristics of 58-thalassaemia. Altay et 
al. have previously discussed” the difficulty in discriminating 
between “y-types of HPFH and 66-thalassaemia. Even if y- 
gene suppression was eliminated in “y-HPFH, a chain 
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Fig. 6 Hybridisation of normal and HPFH-1 DNA with cloned B- and 
y-globin cDNA and the RI H fragment—linkage of fetal and adult B-like 
globin genes. Normal and HPFH-1 DNAs were hybridised as described in 
the legend to Fig. 2 with the hybridisation probes indicated below each 
panel. 5’- and 3'-y-globin specific DNA was prepared by digesting pJW151 
DNA”** with Hhal and BamHI and purifying the fragments containing 
y-globin sequences 5’ and 3’ to the intragenic BamHI site. The 3'-y-globin 
specific DNA was labelled in vitro by nick translation”’. A threefold excess of 
unlabelled 5'-y-globin specific DNA was included in the hybridisation as 
competing DNA. The remaining hybridisation probes have been described 
(see Figs. 2 and 3 legends). Multimeric forms of ®X174 DNA were included 
in the gel as size markers'’. a, Hpal and BamHI digests using the RIH 
probe; b, Hpal and BamHI digests using the y probe; c, Hpal and BamHI 
digests using the 3’-y probe; d, BamHI digest using the 8 probe. 
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imbalance resulting from the deletion of the “y-gene and sur- 
rounding sequences would result in thalassaemia traits. Thus, it 
may not be valid to compare °y- and “y“y-types of HPFH. 
Until further information regarding the locations of deletions in 
cases of “y-HPFH and 68-thalassaemia can be obtained, the 
significance of the 68-2 result with regard to the deletion model 
cannot be assessed. 

The experiments described here represent an initial step 
towards localising sequences which are involved in controlling 
the switch from fetal to adult B-like globin gene expression in 
man. The construction of a detailed linkage map of the 8-like 
globin genes and the use of cloned hybridisation probes which 
span the entire region have established the feasibility of map- 
ping deletions in human DNA. Hopefully, a similar analysis of 
additional cases of HPFH and 8-thalassaemia will ultimately 
lead to the identification of sequences which are involved in 
controlling these developmentally regulated genes. 
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During biosynthesis. of glycophorin A in K562 cells a 
precursor is rapidly transferred through the endoplasmic 
reticulum membrane with the COOH-terminal remaining 
in the cytoplasm. This is glycosylated within the cell and 
‘appears at.the cell surface after about 30 min. The.biosyn- 


thetic pathway resembles that described for viral memorate: 


giycoproiems. 





Most, if not all, surface proteins of mammalian cells are ` 


glycoproteins™? . Their peptide portions often span the lipid 
bilayer membrane?“ and their carbohydrate is exposed to the 
external milieu”. The biosynthetic assembly of the peptide and 
sugar portions and the mechanisms leading to the appropriate 
membrane disposition of these proteins raise intriguing ques- 
tions. 

Studies on virus-coded proteins have provided us with most of 
our more detailed knowledge of integral membrane protein 


biosynthesis. The polypeptides are synthesised on membrane- : 


bound ribosomes and transferred as nascent chains through the 
endoplasmic reticulum membrane; glycosylation takes:place on 
the luminal side?’ The attachment of the core portions of the 


oligosaccharides may occur, through lipid-linked intermediates, | 


even before the polypeptide chains have been completely 
synthesised. As the virus proteins use the host cell machinery for 
their biosynthesis, similar mechanisms may be antici- 
pated for mammalian surface proteins. 

Most of our information on cell membrane structure is 
derived from studies on the easily available human erythrocyte 


membrane”"!*""*, Its major sialic acid-rich glycoprotein, glyco- - 
phorin A (refs 15, 16), is the best characterised integral 


membrane protein. Glycophorin A spans the membrane with its 


NH,-terminus on the outside and its COOH-terminus in the : 
cytoplasm**, and has a molecular weight (MW) of 31,000. On | 


polyacrylamide gel electrophoresis in the presence of SDS it 


shows a higher apparent MW because of its 60% carbohydrate 


18,19 


content*’’. Determination of its amino acid sequence 


indicates that ithas 15 sérine/threonine-linked oligosaccharides 
and one asparagine-linked complex oligosaccharide on the 
extetnal surface’of the érythrocyté. . adi - st 

We have produced specific anti-glycophorin A antiserum” by 
immunising rabbits witha crude’ preparation ‘of glycophorin 
followed by absorption with En(a—) red cell membranes, which 
lack glycophorin’ 
for glycophorin A and-our extensive. knowledge of the molecular 
structure of this glycoprotein provide a potentially t useful system 
for elucidating the pathways involved in mammalian plasma 
membrane glycoprotein biosynthesis. i 

We have previously observed that the human continuous 
leukaemia cell line K562 (ref. 24) is erythroid, and synthesises 
and expresses glycophorin A on its surface**”®. In this report we 
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21-23 The availability of this specific reagent | 


outline the biosynthesis of glycophorin A from a precursor form, 
its. insertion into the endoplasmic reticulum membrane, . its | 
subsequent glycosylation and its mugraon to the plasma 
membrane. 


Identification of a precursor 
for glycophorin A — 


‘For studies on the biosynthesis of glycophorin A, K562 cells’ 


were labelled with 2°S-methionine-for 5 min and chased with 


` medium containing non-radioactive methionine. The labelled 


cells were solubilised in buffer containing Triton X-100 and 
immune precipitation was carried out with anti-glycophorin A 
antiserum or control serum and protein A-containing staphylo- . 
cocci”. The precipitates were analysed by polyacrylamide slab 


gel electrophoresis in the presence of SDS followed by fluor- 


ography. After 5 min of labelling a single protein was specifically: 
precipitated. It had.an apparent MW of 37,000 and was desig- 
nated GP, (Fig. 1a, B). The use of internal labelling meant thata . 
high background radioactivity could not be avoided and there- 
fore the appearance of the specifically precipitated protein could 
only be followed by using controls with preimmunisation serum. 
When chased for 10 min (Fig. 1a, D) the final glycophorin A 
molecule (designated GP.), with an apparent MW of 39,000, 
became visible, and its concentration relative to that of GP, 
increased during chase for 25- 60 min 1 (Fig. la, F-J). 


Appearance of opo A at the 


cell surface 


As surface-exposed glycophorin A can be cleaved by trypsin 
the time course of its externalisation was followed by trypsin 
treatment of labelled intact cells. After labelling for 5-min 
followed by chase for 10 min, neither the precursor protein, 
GP,, nor the completed glycophorin A (GP.) had reached the 
cell surface, as indicated by their insensitivity to trypsinisation 
(Fig. 1b, E, G). After 25 and 45 min chase no GP, was seen in 


15,26 


‘trypsin-treated cells, but GP, was still detected (Fig. 1b, I, K). In 


the absence of trypsin treatment the GP, band was stronger than 
the GP, band at these time points (compare Fig. 1a, F, H). This 
shows that after 25 min glycophorin A had appeared at the cell 
surface but that GP, had not become exposed. 


Glycophorin A precursor is 

incompletely glycosylated 

We followed the sequence of glycosylation using lectin columns 
of known specificity. The glycophorin A precursor, GP,, already 
contained glucose/mannose-like residues because it bound to 
lentil lectin-Sepharose -and could be eluted with a-methyl 
mannoside (Fig. 2B). However, the following results indicate 
that GP, does not contain significant amounts of galactose or 
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Fig.1 a, Fluorography of a polyacrylamide slab gel of immune precipitates 
obtained from pulse-chased **S-methionine-labelled K562 cells with anti- 
glycophorin A antiserum and control serum. K562 cells (80x 10°) were 
grown in RPMI-1640 culture medium (GIBCO) containing 10% newborn 
calf serum, After washing three times with 0.15 M NaCl and 0.01 M sodium 
phosphate, pH 7.4 (PBS), at 37°C, the cells were suspended in 5 ml of 
methionine-free Eagle's minimal essential medium (MEM) containing 0.2% 
bovine serum albumin (Sigma), The cells were incubated with gentle shaking 
in a CO;-atmosphere for 30 min at 37°C and 1.2 mCi of *5S-methionine 
(Radiochemical Centre, 1,130 Ci mmol™') added. After 5 min 1 ml of the 
suspension was withdrawn to ice-cold PBS and the cells immediately washed 
three times with PBS at 0 °C. The rest of the pulse-labelled cells were rapidly 
washed at 37 °C with MEM containing a 50-fold excess of cold methionine 
and suspended in 4 ml of this medium. After incubation for 10, 25, 45 and 
60 min 1-ml aliquots were removed and the cells washed at 0 °C as above. All 
washed cell samples were then suspended in 4 ml of PBS at 0°C and 1 mi 
from each taken for trypsinisation (see b below), The rest of the samples 
were centrifuged and the cells dissolved at 0 °C in PBS containing 1% Triton 
X-100, 1% ethanol and 2mM phenylmethylsulphonylfluoride (Sigma) as a 
protease inhibitor (buffer A). Aliquots of the Triton X-100 extracts were 
taken for immune precipitation experiments using 5 ul anti-glycophorin A 
antiserum or control serum and the Staphylococcus aureus protein A tech- 
nique as described in detail previously*”**. The immune precipitates were 
studied by polyacrylamide slab gel electrophoresis in the presence of SDS** 
using a 12% acrylamide concentration in the separating gel. The treatment 
of the slab gels for fluorography” and the '*C-labelled®* standard proteins 
have been described earlier’’, A, ‘*C-labelled standard proteins: TH = 
thyroglobulin; TR = transferrin, HA = human albumin, OV = ovalbumin; 
B, immune precipitate obtained with anti-glycophorin A antiserum from 
K562 cells labelled for 5 min with **S-methionine; C, with preimmune 
serum; D, immune precipitate obtained with antiserum from cells labelled 
for $ min with **S-methionine followed by chase for 10 min; E, with 
preimmune serum; F, immune precipitate obtained with antiserum from 
cells after 25 min chase; G, with preimmune serum: H, immune precipitate 
obtained with antiserum from cells after 45 min chase; I, with preimmune 
serum; J, immune precipitate obtained with antiserum from cells after 
60 min chase; K, with preimmune serum. b, Fluorography of a poly- 
acrylamide slab gel of labelled erythrocyte membranes and immune pre- 
cipitates obtained from trypsin-treated K562 cells labelled with S- 
methionine. Part of the **S-methionine-labelled cells obtained from the 
experiment described for a were treated with 0.1 mg ml~' trypsin (Merck, 
Darmstadt) for 10 min at 37 °C. The samples were then immediately washed 
with PBS at 0°C and solubilised in buffer A. Immune precipitations and 
polyacrylamide slab gel electrophoresis were carried out as described in a. A, 
'*C-labelled standard proteins (same as in a); B, surface glycoprotein 
pattern of erythrocyte membranes labelled with °H after treatment of 
erythrocytes with neuraminidase and galactose oxidase followed by NaB*H, 
(ref. 6); C, surface glycoprotein pattern of erythrocyte membranes obtained 
after labelling erythrocytes by the periodate/NaB*H, method”, PAS 2 = 
predominantly glycophorin A monomer; D, surface glycoprotein pattern of 
periodate /NaB*H,-labelled membranes after treatment of labelled intact 
erythrocytes with 0.1 mg ml”! trypsin for 10min at 37°C; E, immune 
precipitate obtained with anti-glycophorin A antiserum from trypsinised 
K562 cells that had been labelled with **S-methionine for 5 min; F, with 
preimmune serum; G, immune precipitate obtained with antiserum from 
cells labelled for 5 min with *°S-methionine followed by chase for 10 min; H, 
with preimmune serum; I, immune precipitate with antiserum from cells 
after 25 min chase; J, with preimmune serum: K, immune precipitate with 
antiserum from cells after 45 min chase; L, with preimmune serum. 
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Fig.2  Fluorography of a polyacrylamide slab gel of glycophorin molecules 
bound to lentil lectin-Sepharose and the effect of neuraminidase on their 
electrophoretic mobilities. K562 cells were labelled with °°S-methionine as 
described in Fig. la legend, washed at 0 °C with PBS, solubilised in buffer A 
and applied to lentil lectin-Sepharose columns. Lens culinaris lectin was 
prepared by affinity chromatography™ and coupled to CNBr-activated 
Sepharose 4B as described in detail previously’. The material eluted with 
0.1 M a@-methy! mannoside (Calbiochem) was pooled and concentrated by 
vacuum dialysis to 3 ml. To 1-ml aliquots from each sample was added 0.3 ml 
of Dulbecco's PBS containing Ca** and Mg** and 100 units of Vibrio 
cholerae neuraminidase (Behringwerke). The neuraminidase preparation 
did not contain proteolytic activity when assayed as described previously®. 
Two other identical aliquots did not receive neuraminidase. All samples 
were incubated for 10 min at 37 °C. After incubation one contro! sample and 
the neuraminidase-treated sample were incubated with 5 ul anti-glyco- 
phorin A antiserum and the third tube with preimmune serum followed by 
protein A-containing staphylococci. The immune precipitates were then 
analysed by polyacrylamide slab gel electrophoresis as described above. A, 
surface glycoprotein pattern of periodate/NaB*H,-labelled erythrocyte 
membranes; B, immune precipitate obtained with anti-glycophorin A 
antiserum from the glycoprotein fraction of K562 cells labelled for 5 min 
with **S-methionine; C, immune precipitate with antiserum from the 
neuraminidase-treated glycoprotein fraction of cells labelled for 5 min; D, 
with preimmune serum; E, immune precipitate obtained with antiserum 
from the glycoprotein fraction of cells labelled for 5 min followed by 10 min 
chase; F, immune precipitate with antiserum from the neuraminidase- 
treated glycoprotein fraction of cells labelled for 5 min followed by 10 min 
chase; G, with preimmune serum; H, immune precipitate obtained with 
antiserum after 25 min chase; I, immune precipitate with antiserum of the 
25-min chase sample treated with neuraminidase: J, with preimmune serum; 
K, immune precipitate obtained with antiserum after 60 min chase: k 
immune precipitate with antiserum of the 60-min chase sample treated with 
neuraminidase; M, with preimmune serum. The corresponding scanning 
patterns of the glycophorin regions are shown below and were obtained with 
a Joyce-Loebl Chromoscan apparatus. 


sialic acids. First, it did not bind to Ricinus communis lectin- 
Sepharose columns specific for 8-D-galactose (data not shown). 
Second, as it is known that neuraminidase treatment of eryth- 
rocyte glycophorin A reduces its mobility on SDS-gel electro- 
phoresis this phenomenon was used to determine the presence 
of sialic acids*’. Part of the **S-methionine-labelled eluates from 
the lentil lectin columns were treated with neuraminidase before 
immune precipitation. GP, mobility on SDS-gel electrophoresis 
did not change after neuraminidase treatment, but instead of 
final glycophorin A, a molecule, designated GP,, with an 
apparent MW of 41,000, was detected. This demonstrates that 
GP. contains sialic acids. GP. could be adsorbed not only to 
lentil lectin-Sepharose but also to R. communis lectin- 
Sepharose columns, indicating that it contains terminal B-D- 
galactosyl residues. This experiment also indicates that at this 
stage GP, does not contain the penultimate galactosyl residues 
because its mobility would then have corresponded to that of 
GP,,. 


The NH2-terminal portion of glycophorin A 
precursor is rapidly 
incorporated into microsomes 


The incorporation of the glycophorin A precursor into endo- 
plasmic reticulum was studied by labelling K562 cells for 5 min 
with **S-methionine. The labelled cells were then immediately 





cooled to 0°C, homogenised and a microsomal fraction pre- 
pared. Half of this fraction was treated with trypsin. The 
untreated and the trypsin-treated samples were solubilised in 
buffer A (see Fig. 1a legend) and passed through lentil lectin 
columns; the glycoproteins were eluted with a-methyl 
mannoside and immune precipitated with anti-glycophorin A 
antiserum. The immune precipitates from the trypsin-treated 
and untreated samples were electrophoresed on parallel slots of 
a polyacrylamide slab gel. Complete, 37,000 MW, glycophorin 
precursor, GP,, was recovered from untreated microsomes (Fig. 
3B) but the molecule (GP,,) obtained from the trypsin-treated 
microsomes had an apparent MW of 34,000 (Fig. 3C). This 
shows that a fragment of approximate MW 3,000 could be 
cleaved off by trypsin at this stage. 


ABCD 





Fig. 3 Fluorography patterns of immune precipitates from K562 micro- 
somes analysed by polyacrylamide slab gel electrophoresis. K562 cells 
(170 x 10°) were labelled for 5 min with **S-methionine as described in Fig. 
la legend. They were then rapidly washed three times with PBS at 0 °C and 
suspended for 10 min in 15 ml of 10 mM KCI, 10 mM Tris and 1.5 mM 
MgCl, pH 7.4, at 0°C. The cells were then homogenised in a tight-fitting 
Dounce homogeniser with 20 strokes and the nuclei removed by centri- 
fugation at 1,000g for 10 min. The supernatant was centrifuged at 50,0002 
for 90 min at 4°C in a Spinco rotor 30 and the microsomal pellet obtained 
suspended in 1 ml of Dulbecco’s PBS. Half of this material was incubated 
with 0.01 mg mf"? trypsin for 10 min at 37°C. The control sample was 
handled in the same way except that trypsin was omitted. After incubation 
0.5 mg of soybean trypsin inhibitor (Sigma) was added to both samples. 
These were then dissolved in buffer A, both divided into two and immune 
precipitated with either 5 ul anti-glycophorin A antiserum or preimmune 
serum, The immune precipitates were then analysed on a 12% poly- 
acrylamide slab gel. A, Control microsomes + preimmune serum; B, control 
microsomes +anti-glycophorin A antiserum; C, trypsin-treated micro- 
somes + anti-glycophorin A antiserum; D, trypsin-treated microsomes + 
preimmune serum. Note the decrease in the apparent MW of trypsin- 
treated GP, 


Discussion 


We recently showed that glycophorin A is expressed not only on 
mature red cells but also on nucleated precursor cells in human 
bone marrow”. This finding prompted us to look for cell lines 
synthesising glycophorin A. Our observation that the human 
continuous cell line K562 is erythroid? was the basis for the 
present experiments. The cells expressed 10° copies per cell of a 
surface glycoprotein which is indistinguishable from erythro- 
cyte glycophorin A. The K562 protein has an apparent MW 
identical to that of glycophorin A from red cells, it dimerises 
easily—-a characteristic of the erythrocyte protein—it reacts 
with anti-glycophorin A antiserum, contains MN blood group 
activity, gives rise to CNBr fragments and contains glycopep- 
tides/oligosaccharides which closely resemble those of glyco- 
phorin A (ref. 26). Furthermore, treatment of K562 cells with 
sodium butyrate induces erythroid differentiation including 
haemoglobin synthesis and the generation of erythrocyte-like 
particles”®. 

A schematic model of the way in which we consider the 
biosynthesis of glycophorin A to occur is shown in Fig. 4. Three 
forms of glycophorin A can be recognised, GP,, GP, and GP.. 
GP. is the final glycophorin A molecule which is synthesised 
completely within the cell and is present at the cell surface after 
35 min of pulse labelling. (This includes the 10 min required for 
trypsinisation.) This glycoprotein contains the terminal sialic 
acid residues and the penultimate galactosyl residues? and has 


Nature Vol. 279 14 June 1979 


an apparent MW of 39,000 on 12% polyacrylamide gels. The 
presence of sialic acids gives it a higher electrophoretic mobility 
in the presence of SDS than after removal of these residues” 
(Fig. 2). GP,, which can be obtained from GP, only after 
neuraminidase treatment, has an apparent MW of 41,000. 

GP, is obviously a precursor of glycophorin A. It reacts with 
anti-glycophorin A antiserum and the precursor/product rela- 
tionship is evident from the pulse-chase experiments (Fig. 1a). It 
has an apparent MW of 37,000, does not adsorb to R. communis 
lectin-Sepharose and does not contain sialic acids (Fig. 2B,C). 
The 4,000 MW difference between desialylated glycophorin A 
(GP,) and GP, should correspond to approximately 20 mono- 
saccharides. This cannot be accounted for solely by the 
completion of the complex oligosaccharide at Asn 26 but must 
involve the addition of galactosyl groups to the 15 alkali-labile 
chains. Apparently, the sialic acids are then rapidly added 
because a precursor form corresponding to desialylated glyco- 
phorin A (GP,) is never observed during the pulse-chase 
experiments. The addition of galactosyl and sialic acid residues 
is known to occur late in the biosynthesis of glycoproteins, 
mainly in Golgi membranes”. 

GP, is found after 5 min of labelling in microsomes when the 
carbohydrate is protected from the action of trypsin (Fig. 3). 
Trypsin treatment decreases its apparent MW by 3,000 and the 
released peptide should correspond to residues 101(102)-131 of 
erythrocyte glycophorin A or tryptic peptide T, (ref. 19) located 
at the COOH-terminal end. When sealed, everted erythrocyte 
ghosts are treated with trypsin no reduction in the apparent MW 
of glycophorin A is observed”. One possibility is that proteo- 
lytic cleavage does occur, but the 3,000 MW difference is not 
seen because glycophorin A gives a broad and diffuse band on 
electrophoresis of ghosts. Another, and more likely, possibility 
is that the COOH-terminal portion of newly synthesised glyco- 
phorin A in microsomes is more easily accessible to proteases 
than the molecule in the finished erythrocyte membrane where it 
may be covered by other proteins. Treatment of intact cells with 
trypsin releases much more from the NH,-terminal end of the 
polypeptide in soluble form'**’. This indicates that the COOH- 
terminal part already in the endoplasmic reticulum has a similar 
location in the red cell membrane. 

The biosynthetic pathway of glycophorin A corresponds well 
to that described for the glycoprotein (G protein) of vesicular 
stomatitis virus. Glycophorin A has a more complex carbo- 
hydrate composition than the viral protein, involving two types 
of quite different oligosaccharides. The glycosylation of gly- 
cophorin A probably involves both lipid intermediates for the 
synthesis of the N- glycosidic oligosaccharide’* and direct glyco- 
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Fig. 4 Our schematic view of the biosynthesis of glycophorin A. GP,, 
glycophorin A precursor; GP,, glycophorin A treated with neuraminidase to 
demonstrate the stage before addition of sialic acid residues; GP,, final 
glycophorin A. @ = hexosamine, © = neutral hexose, V = sialic acid. The 
trypsin cleavage site of GP, in microsomes is shown. The asparagine-linked 
oligosaccharide located at residue 26 in the polypeptide chain is shown in 
GP, in an ‘untrimmed’ form from the structure described by Li er al”, 
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sylation of the serine/threonine residues from UDP-N- acetyl- 
D-galactosamine’’. However, similar times are required for 
insertion into the endoplasmic reticulum membrane, glyco- 
sylation and appearance at the cell surface. Whether glyco- 
phorin A contains an additional NH,-terminal signal sequence 
found in most glycoprotein precursors” is not known and is 
being investigated. 
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A three-dimensional image of tubulin protofilaments, 
reconstructed to 20 A resolution from electron micrographs 
of negatively stained zinc-induced sheets , has been used to 
generate an improved model for microtubule substructure. 
This model has been used to phase a reconstructed image 
from X-ray amplitudes, which is compatible with the elec - 
tron microscope results. 





THE three-dimensional structure of eukaryotic microtubules 
has been studied by electron microscopy (EM) of individual 
specimens’ and by X-ray diffraction of oriented gels of 
microtubules*~’. Results from EM suggested an arrangement of 
monomer subunits on the same helical surface lattice for both 
neurotubules and flagellar microtubules**. Early X-ray 
diffraction patterns seemed to be in disagreement’, but this was 
resolved after further studies®’; the X-ray data now seem to be 
quite consistent with the geometry determined by EM. 
However, there still seem to be some differences in the data, 
especially with respect to the shapes of the subunits, even at very 
low (40 A) resolution. Even different EM studies have tended to 
give somewhat different impressions of the substructure. In 
images of brain tubulin sheets, which are thought to be the 
equivalent of opened-out microtubules, each tubulin subunit 
seemed to be split longitudinally into two separate domains”. 
This feature was not detected in a three-dimensional analysis of 
intact flagellar microtubules’, in which the monomers 
apparently consisted of single globular units, although the 
overall outline of the subunits was similar. Furthermore, a 
model based on an interpretation of the intensity distribution in 
X-ray diffraction patterns of brain microtubules’ showed 
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subunit shapes which were incompatible with either of the 
classes of image obtained by EM. We now present a new model 
of the structure of tubulin, based on three-dimensional EM 
image reconstruction of extended brain tubulin sheets, which 
seems to explain the differences between the earlier images and 
suggests a compatible interpretation of the X-ray diffraction 
patterns from microtubules. 


Zinc-induced tubulin sheets 


The specimens we studied were the large two-dimensional 
crystalline arrays of brain tubulin which assemble in the 
presence of zinc ions®”. These sheets are apparently made up of 
the same linear arrays of subunits, or protofilaments, as ‘normal’ 
sheets, which are often found in samples of repolymerised 
microtubule protein and which have been proposed as pre- 
cursors in microtubule assembly”, Whereas normal sheets are 
usually no more than 12 protofilaments wide, presumably 
because a sheet of 13 protofilaments closes to form a micro- 
tubule, zinc-induced sheets may be 100 or more protofilaments 
wide and are therefore much better for periodic structural 
analysis. Studies of their projected structure have shown that 
protofilaments are arranged with alternating polarity (see Fig. 
la), so that these arrays’ have P2, crystallographic 
symmetry '''*. The arrangement is thus quite different from that 
in a microtubule or a normal sheet, where all the protofilaments 
have the same polarity. However, the individual protofilaments 
seem to be very similar, having the same 48-49 A side-to-side 
spacing in both types of sheet. This common feature suggests 
that the rotational orientation of a protofilament about its axis is 
similar in both structures. By comparing the obliquity of the 
projected subunit shapes in Fig. 1a with those in computer- 
filtered EM images of normal tubulin sheets?*, we were also 
able to deduce that the protofilament images labelled I in Fig. 1 
represent the view from the outside of a normal microtubule’. 
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Figure 1a was derived from four highly selected low-dose EM 
images of negatively stained specimens and includes data to 
16 A resolution''. To obtain a three-dimensional image, this 
untilted projection was combined with 40 independent images 
of sheets tilted through angles of 21°, 35° or 51° about various 
axes'*. The number of different orientations of the sheets was 
more than sufficient to provide homogeneous data to 20 
resolution within the angular range covered by tilting up to 51°. 
The intensities of most of the reflections fell to noise level within 
this range. Additional data, corresponding to higher tilt angles, 
which could not easily be reached by tilting in the microscope, 
were obtained from images of negatively stained specimens 
embedded in plastic and sectioned normal to the sheets'*. These 
data were to about 40 A resolution; the complete set of data is 
therefore still not fully isotropic, so that density variations in the 
direction normal to the sheets are not quite as well resolved as 
those in the plane of the sheets. Full details of data collection and 
analysis are presented elsewhere”. 


Three-dimensional model of the sheets 


The main features of the reconstructed three-dimensional 
density distribution are illustrated in Figs 1b and 2. Viewed 
down its long axis, each protofilament is roughly triangular in 
shape, with one corner of the triangle protruding from one side 
of the sheet. Thus, the two exposed surfaces of a protofilament 
are very different. In longitudinal view, one surface has the form 
of a longitudinal ridge and the other has a flat ladder-like 
appearance, with sloping bi-lobed rungs. If we are correct in 
assuming that the protofilament images labelled I in Fig. la 
represent the view from outside a microtubule, then the ridged 
surface must be on the outside, while the ladder-like appearance 
should occur on the inside surface. This is discussed in detail 
later. 

The apparent thickness of the negatively stained sheets, as 
observed directly in section and also as estimated from the tilted 
views, is only about 45-50 A, compared with a difference of 
70-80 A between the inner and outer radii of a microtubule, as 
estimated from X-ray diffraction measurements* ’. Therefore, 
the sheets have probably shrunk in this dimension as they dried 
down on to the EM support grid. It is also possible that part of 
the apparent reduction in thickness results from the masking of 
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fine surface features extending into the negative stain, or by 
positive staining of protein on the protofilament surface. Thus, 
the ridge in particular may extend out further than it seems to in 
the reconstructed image. The importance of such effects is 
discussed later. 

As described previously'', each protofilament clearly consists 
of an alternating linear array of two kinds of slightly different 
subunits, believed to represent the two species of 55,000 mole- 
cular weight monomer which form the tubulin heterodimer’’. 
Both kinds of subunit appear in projection as elongated shapes 
(Fig. 1a), with their long axes at about 40° to the protofilament 
axes. If one attempts to follow the density corresponding to an 
individual subunit through successive sections parallel to the 
central plane of the sheet (Fig. 2), the peaks move gradually 
downwards between the first and last sections. The subunits thus 
apparently have the general form of tilted ellipsoids when 
viewed from the side, as well as face on. 

The difference between the two kinds of subunit seems to be 
rather less in three dimensions than in the two-dimensional 
projection, showing significantly only at the ladder-like inside 
surface of the protofilaments. The apparently more definite 
division into two domains of one of the two subunits presumably 
represents a real difference in the internal structure of the two 
monomers. 

The pattern of interprotofilament contacts is also not as 
complex as suggested by the original projection (Fig. 1a), where 
the contacts between each pair of subunits seem to be represen- 
ted by two separate regions of higher density in the inter- 
protofilament gap'’. In the three-dimensional model, the 
contacts seem to take place over single fairly broad zones (Fig. 2, 
P to Qor R to S), centred on the central plane of the sheets. The 
complexity in projection is due to superposition of the intricate 
stain distributions at the two surfaces of the sheets. 


Model protofilaments rearranged to 
represent a microtubule 


Normal microtubules observed in situ consist, in most cells, of 
13 longitudinal protofilaments"® in a polar arrangement’. Reas- 
sembled microtubules often contain 14 protofilaments'’, but 
these are probably aberrant structures. To simulate a normal 





Fig.1 a, Computer reconstructed image of negatively stained zinc-tubulin sheets seen in projection’ ! The variation in density is represented by 
evenly spaced contour levels. Regions dominated by negative stain are shown shaded while absence of stain, corresponding to protein, is white. 


Neighbouring longitudinal protofilaments, each 48 


wide, are related by P2, symmetry, about screw dyad axes normal to the protofilaments and 


in the plane of the sheet. Each globular unit along a protofilament is thought to represent a monomer of a- or B-tubulin. The boxes drawn on the 
image each enclose what seems to be an 80 A long a-B heterodimer. b, A solid model of part of a zinc-tubulin sheet, with boundaries which 
follow one of the contour levels in Fig. 2. Two different surfaces of the protofilaments are presented, as adjacent protofilaments face different 


ways. 
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Fig. 2 Sections at different levels (z) through one protofilament of the reconstructed three-dimensional model of the negatively stained 
zinc-tubulin sheets. Below each section is given its distance from the plane through the centre of the sheet. Features at the boundaries of the 
protofilament are labelled as in the projection in Fig. 1a. 


microtubule, therefore, we have arranged 13 model zinc-tubu- 
lin protofilaments, as shown in Fig. 3. In this arrangement, the 
former regions of contact between subunits in the sheet seem to 
match up again in the tubule, although in different polar orien- 
tations’*. Probably the same hydrophobic regions of each 
subunit are involved in the assembly of both types of structure. 
The model in Fig. 3 was assembled with the ridged sides of the 
protofilaments outermost, so that the projected subunit shapes 
would agree with images of negatively stained normal sheets?*. 
. There are several observations which support this choice of 
orientation. One is the good agreement between the appearance 
of this model and that of the three-dimensional model recon- 
structed from images of intact flagellar microtubules’. In parti- 
cular, the deep interprotofilament grooves are features of the 


Fig.3 a, Models of zinc- 
tubulin _— protofilaments 
from the reconstructed 
image shown in Fig. 1b, 
rearranged to conform to 
the helical symmetry 
established for a normal 
microtubule. Thus, the 
monomer subunits lie on a 
family of three shallow 
left-handed helices. The 
relative arrangement of 
tubulin dimers is that 
observed in complete 
flagellar microtubules? 
(see text). Two unit cells, 
each enclosing an 80-A 
long a-8 dimer, are 
outlined. b, Inside surface 
of part of a microtubule, 
opened out to form a 
‘normal’ sheet. The polar 
arrangement of the 
protofilaments is the same =o ot 
as in a. Comparison of a 
these images with the 





outer surfaces of both models. The presence of these grooves at 
high radius is also stongly indicated by X-ray diffraction data>”. 
If the wedge-shaped protofilaments were oriented with the 
ridged surface inwards, grooves would not be formed specifically 
at the outer surface; the interprotofilament contrast would be 
weaker and roughly equal at all radii between 70 and 150 A. 
Clear images of sectioned normal microtubules*”"* also support 
the conclusion that the protofilaments should appear in cross- 
section as outwardly pointing wedge shapes. A final observation 
which indicates that, in a normal microtubule, inter- 
protofilament contact is limited to inner radii (less than 110 A)is 
that the spacing of protofilaments in flat sheets (normal or 
zinc-induced) is consistently less (48-49 A) than the spacing of 
53 A at the mean radius (110 A) of a microtubule. 





reconstructed three-dimensional model of intact flagellar microtubules’, suggests that the bottom of the model, as shown in these two views, 
corresponds to the basal end of a flagellar microtubule. 


The other assumption incorporated in the model shown in Fig. 
3 is that the subunit dimers in adjacent protofilaments are in a 
staggered arrangement, as observed in complete flagellar 
microtubules, that is, the A-tubules of outer doublet micro- 
tubules? and the central singlet microtubules’. This is in fact the 
only helically symmetrical arrangement possible for a 13- 
protofilament microtubule in which the monomer subunits are 
arranged as shown. There is some evidence’ that brain tubulin 
may sometimes reassemble in vitro in an alternative arrange- 
ment similar to that in a flagellar B-tubule’, but when micro- 
tubules are reassembled from brain extracts containing a full 
complement of so-called microtubule associated proteins, the 
latter, seen as projections from the outsides of the tubules, seem 
to follow the symmetry of the A-tubule lattice'’. This point is 
discussed in more detail elsewhere”. 


Variations in EM images 


It is now understandable why somewhat variable images have 
been obtained in previous EM studies of protofilament struc- 
ture. The appearance seems to vary according to which of the 
two different protofilament surfaces is the more strongly 
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emphasised by the negative stain. The bi-lobed, or ladder-like 
appearance obtained for opened-out brain microtubules”” cor- 
responds rather closely to the appearance of the inner surface of 
the present model. Erickson’? noted that the normal sheets, 
being curved in solution, always fell with the outer surface next 
to the carbon substrate of the EM grid. Presumably the inside 
surface, which was thereby most exposed to the negative stain 
subsequently applied to the grid, was more strongly contrasted 
than the outer surface. The outer surface of the three-dimen- 
sional image reconstructed from images of intact flagellar 
microtubules’, on the other hand, closely resembles the outer 
surfaces of the protofilaments in the present model, whereas the 
inner surface showed much less detail. In the case of an intact 
microtubule, it seems that the outside is most strongly contras- 
ted by negative stain. In the zinc-induced sheets the orientation 
of the protofilaments alternates. Differential staining of the two 
sides of such sheets probably explains the great difference in 
projection of adjacent protofilaments observed initially by 
Crepeau et al.*. However, the images we have used all show very 
good P2, symmetry'', so we deduce that in our specimens each 
protofilament must be more or less equally well contrasted on 
both sides. The three-dimensional image reconstructed from 


Fig. 4 Intensity distributions for the equatorial (6) and 40 A (a) 
layer lines of diffraction patterns from real and model micro- 
tubules. The dashed lines represent the intensity distributions 
measured by Mandelkow et al.’ in X-ray diffraction patterns 
obtained from oriented hydrated gels of microtubules. The solid 
lines follow cylindrically averaged intensity distributions calculated 
for a model microtubule, consisting of 13  zinc-tubulin 
protofilament images arranged on a mean radius of 110 A; the 
density distributions were uniformly ‘stretched’ by 30% in the 
direction normal to the zinc-tubulin sheets, to correspond more 
closely to the microtubule dimensions estimated from X-ray 
diffraction data’ (see text). The only significant effect of this is a 
slight change in the radial positions of the intensity peaks in the 
calculated diffraction pattern. The relative phases (for protein 
represented as positive density) determined for the various helical 
contributions are indicated above the intensity peaks. On the 
calculated equator, the strong peaks near the origin represent the 
transform of a hollow cylinder. The peaks at 0.020 Å! and 
0.028 A’! (labelled J,3) arise mainly from the division of the 
cylinder into 13 distinct longitudinal protofilaments: the first is 
from 13-fold contrast at the outside of the cylinder, the second 
from the much weaker contrast on the inside. Second order 
diffraction from the protofilaments provides the main contribu- 
tions to the last group of peaks (J26): the weak inner peak of this 
group corresponds to features of the outside of the cylinder, the 
stronger peak to the inner side. On the 40 A or second layer line 
(based on an axial repeat of 80 A) of the calculated diffraction 
pattern, the two (J_3) peaks close to the meridian arise from outer 
and inner radii contributions from the family of three shaliow 
left-handed helices; the apparently double third peak (Jio) (with 
varying phase across it) consists mainly of contributions from the 
10 steeper, right handed helices at outer radii. The broad fourth 
peak includes a small contribution from the latter family at inner 
radius, but also significant contributions from the left-handed 
16-member family at radii centred on a mean of about 110 A. The 
calculated curves do not correspond exactly with those measured 
from X-ray diffraction patterns; for example, the relative intensi- 
ties on the equator fall off differently and the Jio peak on the 40 A 
layer line has a different shape. However, some differences are to 
be expected, as the model was derived by studying dehydrated 
protein embedded in metal stain, whereas the X-ray diffraction 
pattern is from hydrated unstained specimens and provides 
information about the contrast between protein and aqueous 
solvent. 
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them should therefore provide a more reliable impression of the 
structure than has been obtained from previous EM studies of 
tubulin structure, 

However, because of artefacts due to dehydration, radiation 
damage and the limitations of negative stain contrast, the results 
obtained by EM are not wholly satisfactory for studying the 
native structure of proteins. Low-dose electron microscopy of 
unstained specimens, embedded in glucose or sucrose solutions 
to alleviate the effects of dehydration, has proved successful in 
studies of the substructure of certain thin two-dimensional 
crystals of biological origin '**'. However, the results obtained 
so far with tubulin sheets* have not been very promising, the 
resolution attained being somewhat less than that obtained from 
negatively stained specimens. The zinc-tubulin sheets, although 
they grow much larger than normal tubulin sheets, probably still 
do not allow sufficient averaging to compensate for the 
extremely low signal-to-noise ratio in EM images of unstained 
protein. 


Diffraction patterns from microtubules 


X-ray diffraction of oriented gels of hydrated microtubules 
provides information about the protein in its native state, but the 
X-ray patterns from native specimens do not provide sufficient 
data by themselves for the reconstruction of a three-dimensional 
image of the structure. One way of trying to supply the missing 
information at low resolution is to use phase information 
obtained by electron microscopy’. For this purpose, we have 
calculated a three-dimensional diffraction pattern for the model 
density distribution shown in Fig. 3. The calculated diffracted 
intensity distributions, averaged around the vertical axis to 
simulate diffraction from an oriented gel of microtubules, are 
shown in Fig. 4 for the equatorial and 40 A layer lines, together 
with the corresponding relative intensities measured from X-ray 
diffraction patterns. These curves calculated for the rearranged 
zinc-tubulin protofilaments are surprisingly more similar to the 
X-ray curves than are the distributions obtained directly from 
optical diffraction patterns of negatively stained 
microtubules'*’. In the latter case, the peak closest to the 
meridian on the 40 A layer line is usually the strongest on that 
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layer line, a peak corresponding to the third peak on the X-ray 
40 A layer line is much weaker in the microtubule optical 
diffraction patterns and the other two X-ray peaks are absent. 
As discussed above, this seems to be because negative stain does 
not map out the surface of a protofilament in an intact micro- 
tuble as closely as it does that of a protofilament in a zinc-tubulin 
sheet. 


Interpreting the X-ray patterns 


Cohen et al.^” have interpreted the low angle X-ray intensity 
distribution (Fig. 4, dashed lines) in terms of diffraction mainly 
from the inner and outer surfaces of the microtubules, which 
apparently have inner and outer radii of 70 and 150 A respec- 
tively. The strong equatorial J,, and J, reflections have both 
been identified as coming from the outer surface, with mean 
radii of 126 and 115A respectively. The series of four peaks on 
the 40 A layer line were indexed as two J_, contributions from 
outer and inner mean radii of 130 and 70 A, followed by two Jy 
contributions from outer and inner mean radii of 120 and 70 K 

Mandelkow er al.” attempted to reconstruct a three-dimen- 
sional model of a microtubule from the measured X-ray intensi- 
ties, interpreted in the above manner, by combining them with 
phases determined by Erickson’, and confirmed by their own 
observations, from two-dimensional EM images of micro- 
tubules opened out as sheets. (In calculated diffraction patterns 
from digitised images, with a phase origin equivalent to that used 
in Fig. 4, phases of 180° are found for each of the lattice points 
corresponding to single Jis», Jos, J-; and Jo contributions.) 
However, as the relative intensities in the X-ray diffraction 
pattern and the diffraction patterns from the original EM images 
were very different, the hybrid reconstructed image’ was also 
quite different from the original images, with elongated subunits 
sloping in the opposite direction. Without reasonable agreement 
between the two techniques, there is no justification for 
combining EM phases with X-ray amplitudes. It is now possible, 
however, from our analysis of the zinc-tubulin structure, to 
Suggest some modifications to the above interpretation and 
phasing of the X-ray patterns, which lead to a much closer 
consistency between the X-ray and EM data. 





Fig. 5 Sections at different radii (r) through part of the reconstructed density distribution, calculated using Fourier amplitudes deduced from 
X-ray diffraction patterns of intact brain microtubules and phases (see Fig. 4) derived from model zinc-tubulin protofilaments rearranged as 
shown in Fig. 3. Features of the protofilament outline, which seem to correspond to those in the sections through the original image (Fig. 2), are 
labelled P to S. The two images are rather different at smaller radii; the sloping regions of high density (S to S’) and (Q to Q’) have a steeper slope 
than the corresponding regions in Fig. 2. (This difference seems to be less for one type of subunit in Fig. 2 than for the other.) As well as the 
equatorial and second (40 A) layer lines shown in Fig. 4, the data included weak contributions from the third and fourth layer lines, estimated 
from the published X-ray patterns’. (Note that the indexing of the odd layer lines is determined by the arrangement of 80 A long tubulin dimers, 
which is discussed below Fig. 3.) On the third layer line, an apparent J, contribution to the X-ray diffraction patterns was included with a phase of 
45° but being weak has very little effect. The fourth layer line data consisted of approximately equal J_, and J, contributions with phases of 210° 
and 50°, based on the model calculations. 
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The main difference from the previous interpretation is the 
source of the fourth peak from the meridian on the 40 A layer 
line. Calculations from our model suggest it is probably a 
mixture of different contributions. As well as a small Jio contri- 
bution, it is likely to include a major J_,. contribution, with a 
mean radius of about 110 A. It is not completely clear why aJ_16 
contribution is never observed in optical diffraction patterns 
from negatively stained microtubules or normal tubulin sheets, 
but it is probably for the same reason that the Jio contribution is 
weaker than the J_; contribution, instead of stronger as in the 
X-ray patterns. The J., reflections clearly do come from the 
innermost and outermost surfaces of the structure and must be 
relatively easily revealed by negative stain, provided the surface 
in question is exposed to it. On the other hand, according to the 
present interpretation of the X-ray data, both the major Jio and 
J-e contributions come from radii near the middle of the protein 
layer, into which it is presumably more difficult for the stain to 
penetrate. It may be relevant in this context that the X-ray 
diffraction patterns from dehydrated microtubules are said to be 
more similar to the optical diffraction patterns from electron 
micrographs*ć. This suggests that dehydration may cause the 
cleft between protofilaments to close up at inner radii and 
prevent features at these radii from contributing to the 
diffraction patterns. 


Phasing the X-ray data 


The relative phases we assign to the various contributions (Fig. 
4), which were derived from the model shown in Fig. 3, also 
differ from those used by Mandelkow et al.’. This is mainly 
because, in the images of the flat sheets which supplied their 
phases, contributions from different radii in the microtubules 
become superimposed in projection. Unless features at all radii 
have corresponding spatial frequencies exactly in phase, the 
relative phases in the transform of such a flattened sheet will not 
agree with a separated set of either inside or outside surface 
contributions. 

One significant difference is in the values assigned to the 
equatorial J,, intensity peaks. In EM images, the feature giving 
rise to the strongest diffraction contribution of this order is the 
shallow longitudinal groove bisecting one surface of each 
protofilament. We interpret this surface as being on the inside of 
a microtubule. In the X-ray diffraction patterns, the strongest Jz. 
contribution seems to come from a radius of about 115 A, which 
is within the extent of the deep interprotofilament grooves on 
the outside surface of the microtubule. Mandelkow et al.’ ori- 
ginally related this contribution to the apparent splitting of the 
protofilaments (hence the 180° relative phase they assigned to 
it), but we now interpret it as most likely due to the sharpness of 
the ridges on the outer surfaces of the protofilaments. A smaller 
peak further out on the equator, at R = 0.047 A”', probably 
arises from the apparent splitting of the protofilaments at inner 
radii. 

According to this interpretation, the relative intensities of the 
two Jas contributions, from the inner and outer surfaces of the 
microtubules, are reversed in the X-ray diffraction patterns and 
the patterns calculated from the rearranged zinc-tubulin model. 
This could be due to artefacts of negative staining whereby the 
tips of the ridges on the outer surface of each protofilament 
might be swamped by negative stain and the outer surface Jz, 
contribution thus reduced, while the shallow groove down the 
centre of the inside surface of the protofilament would tend to be 
over-emphasised by the stain, causing the inner surface Jz, 
contribution to be enhanced. i 


Model from combined X-ray 
and EM data 


A test of the above interpretation of the X-ray patterns is to see 
whether a reconstructed image, based on the X-ray amplitudes 
and the phases derived from the rearranged model, resembles 
the results from EM alone. Figure 5 shows sections through one 
protofilament of such a calculated microtubule density dis- 
tribution. This structure can be compared with the zinc-tubulin 
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image shown in Fig. 2, bearing in mind that the latter structure 
seems to have shrunk by 30-40% in the z-direction. There are 
some other differences between the two structures, as expected 
from the differences in the two sets of diffraction curves in Fig. 4. 
The sections in the region of the outside surface (around z = 12, 
6 Å in Fig. 2; around r = 130, 120 Å in Fig. 5) are reasonably 
similar, but at inner radii there are some distinct differences. In 
particular, the ‘rungs of the ladder’ (around z = —18, —12 Ain 
Fig. 2; around r = 90, 100 A in Fig. 5) seem much more steeply 
tilted, because of the greater strength of the J~, contribution to 
the data, relative to the J., contribution. Also, the differences 
between the two species of tubulin subunit are much less 
obvious, because of the relative weakness of the third (27 A) 
layer line in the X-ray diffraction pattern (no data from other 
odd-numbered layer lines were included). 

We do not know the reason for these remaining differences. 
Discrepancies in the central sections of the protofilaments could 
obviously be due to failure of the negative stain to penetrate 
fully into this region, even in the case of the zinc-tubulin sheets, 
which seem to stain better than normal tubulin structures. But 
this explanation is not adequate for the differences observed in 
the surface structure. One must postulate that the negative stain 
does not adequately represent the native protein contours. This 
might be due to selective positive staining”? of certain parts of 
the protein molecules. Alternatively, there may be reproducible 
changes in conformation during negative staining and dehy- 
dration of the EM specimens, as there seems to have been a 
consistent shrinkage of the sheets. Neither of these possible 
effects could be corrected for when the negatively stained 
density distribution was ‘stretched’ (Fig. 4) to adjust the dimen- 
sions to those of hydrated protein. Because of this lack of exact 
correspondence between the two images, we still cannot be sure 
that the relative phases, especially those related to features on 
the inside of the cylinder, are quite correct. 

Resolution of the remaining uncertainties in the structure at 
this resolution must await an independent determination of the 
Bessel function assignments and phases in the X-ray diffraction 
pattern, for example, by labelling the protein with heavy 
atoms’’, if this proves possible. However, the consistency 
between the results obtained by electron microscopy and X-ray 
diffraction is clearly much better than it originally seemed to 
be” and, for this reason, we believe that the three-dimensional 
model of zinc-tubulin protofilaments presented here is a good 
first approximation to the low resolution structure of assembled 
tubulin. 
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Polar clearing in the Venus clouds 
observed from the Pioneer Orbiter 


PIONEER Venus 1 was put into a 24-h orbit around the planet 
on 4 December 1978. Since then, it has made remote sensing 
observations of the clouds and the overlying atmosphere at IR, 
visible and UV wavelengths. The IR instrument includes a 
channel at a wavelength of 11.5 um, which is used to measure 
the effective temperature of the cloud tops. Carbon dioxide, and 
all of the known constituents of the gaseous atmosphere, are 
highly transparent at this wavelength. Earth-based telescopic 
observations at similar wavelengths'* have generally shown 
fairly uniform temperatures of the order of 240 K across the face 
of Venus. The accepted interpretation has been that the cloud 
cover on Venus not only covers the whole planet, but is also 
extremely uniform. The early Pioneer observations confirmed 
this general picture, for the equatorial and mid-latitudes which 
comprise most of the surface area of the planet*. Interesting and 
meteorologically important structure with diurnal, seasonal and 
random components is found in the Pioneer measurements, as it 
was in earlier ground-based and spacecraft observations, but 
this structure has an amplitude of 10 K or less'*. However, 
these subtle contrasts which dominate thermal maps of lower 
latitudes change to dramatic structure near the pole. Even the 
Earth-based observers, who must view the polar regions on 
Venus at very oblique angles, have reported cold bands sur- 
rounding one or other of the poles at various times? and 
occasional polar ‘hot spots'’. The Pioneer orbit passes almost 
directly over the pole (inclination = 105°) and so provides the 
first good views of this interesting region. The IR instrument was 
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Fig. 1 A single scan across Venus at a wavelength of 11.5 um 

(spectral resolution = 0.027 jum) showing the effective cloud-top 

temperature observed. The scan cuts through the cold polar collar, 

showing its asymmetry, and through the anomalously hot feature 

near to, but offset from, the north pole. The scan corresponds to the 
bottom edge of the image in Fig. 3. 
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operated only in its low spatial resolution mode for the first part 
of the mission. Results from those observations’ showed a 
wave-shaped collar of high, cold cloud surrounding the north 
pole, with warmer cloud temperatures polewards. Close to the 
pole itself, the observed temperature is the highest anywhere on 
the planet, not only at the cloud top but also in the overlying 
atmosphere*. We report here the first high data rate, high spatial 
resolution observations of the polar region. These were 
obtained on the tenth orbit of Venus on 15 December 1978. 

Figure 1 shows a single swath across the planet, covering 
latitudes from about 40° to 80°N as shown in Fig. 2. Figure 3 
shows an image of the region from a series of contiguous swaths. 
The individual swaths are obtained as a result of the spinning 
motion of the spacecraft, which rotates at ~5r.p.m. The 
separation of the swaths is due to the motion of the spacecraft 
along its orbit. 

These data show an extremely localised, very warm feature at 
about 80°N and 359°E (corresponding to a local time of day of 
about 9am). The peak temperature of 260K is the highest 
cloud-top temperature ever to be observed on Venus. Because 
of the abrupt nature of the increase, and also because the 
Pioneer IR radiometer makes independent measurements of the 
temperature of the clear atmosphere above the clouds, it is 
evident that the large temperature contrast is due to a depres- 
sion or clearing of the cloud layer rather than to an actual 
temperature increase at a constant height level. This in turn is 
probably due to strong downwelling in the atmosphere near the 
pole. To account for the contrast of approximately 45 K 
between the peak of the anomaly and the nearby cold band 
which surrounds it, a difference of cloud height of approximately 
15 km is required. This follows because the measured tempera- 
ture lapse rate in the polar region is close to 3 K km™'(ref. 5). 
Cloud height differentials of this magnitude are seldom, if ever, 
observed on the Earth. 

It is interesting to consider how high the temperature would 
have to rise in an anomaly of this kind in order to correspond toa 
completely cloud-free atmosphere. To investigate this, we have 
calculated the transmission profile of a model Venus atmos- 
phere corresponding to the spectral bandpass of the 11.5 wm 
channel. As stated previously, this wavelength was selected 
because it is one of the most transparent in the thermal IR. 
However, because of the high concentration of CO, on Venus, 
even this would become opaque (defined as an optical depth 
greater than unity) by a depth corresponding to a pressure of 
about 0.8 bar. At this level, the atmospheric temperature is 
approximately 290 K. Thus, the highest temperature measured 
approaches, but definitely does not attain, that which would 
correspond to a totally cloud-free region. However, as can be 
seen from Fig. 3, the high resolution data sequence ended before 
the coverage of the feature was completed. The temperature 
may have risen higher, perhaps even to the temperature cor- 
responding to a total absence of cloud, nearer to the pole itself. 
An analysis of further high-resolution scans obtained later in the 
mission will eventually test this hypothesis and also reveal how 
the feature evolves. 

It can be affirmed that the observations presented above 
constitute new and persuasive evidence for the presence of 
strong atmospheric subsidence near the poles. This fits very well 
with the suggestion by Murray et al.’ and Suomi and Limaye® of 
vortex-type circulation at the poles in the UV imaging sequences 
of Venus by Mariner 10. Suomi and Limaye® state that these 
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observations of spiral bands of cloud and a poleward component 
of cloud motion “are compelling suggestions that at least during 
the 7 days of the Mariner 10 flyby in 1974 the stratospheric 
circulation was composed of two giant vortices more or less 
centred on each pole with meridional inflow from low latitudes 
towards each pole. The vortex ... would be characterised by a 
region of mass sink in the polar regions in the upper atmosphere 
and a mass source at lower latitudes, essentially a hemispheric 
Hadley circulation cell strongly organised by the vertical zonal 
flow”. 

The ‘single cell’ model for the Venus stratosphere is attrac- 
tive, not least because it provides an intuitive explanation for the 
ubiquitous and uniform cloud cover outside the polar domains. 
It is easy to imagine that the atmosphere may be slowly rising 
over most of the area of the planet, thus sustaining dynamically 
the observed cloud deck. This mass flow would then be balanced 
by relatively rapid descent within the polar vortices. There are 
difficulties with this, however. First, it is difficult to explain why 
the ‘eye’ of the vortex is not centred on the rotational pole. The 
low resolution data alluded to earlier show clearly that its centre 
is 5°-10° from the pole itself. Second, the presence of the thick, 
high polar collar cloud (segments of which can be seen in Fig. 3) 
is not explained by a simple vortex circulation and may, in fact, 
preclude it. Third, the downwelling in the polar region must be 
explained in terms of a circulation mechanism which produces a 
poleward meridional flow®, but against the gradient of increas- 
ing temperature from equator to pole*. Such a situation is not 





Fig. 3 An 11.5-ym image of thermal emission from the region 
near the north pole of Venus delineated in Fig. 2. The data were 
obtained from the Pioneer orbiter on 15 December 1978. The 
brightest area is emitting more intensely, and hence is warmer, than 
its surroundings. The dark (cold) circumpolar collar appears either 
side of the hot region, and some of its detailed structure can be 
seen. The limb of the planet is visible at either edge of the frame. 
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Fig. 2. Diagram showing the geometry of the 
observations, and the boundaries of the high- 
resolution image. 


consistent with a classical ‘Hadley’ type circulation driven by 
solar heating. The stratospheric dynamics on Venus require 
some more complex mechanism, perhaps involving motions 
driven from below. 

This is one phase of work carried out at the Jet Propulsion 
Laboratory, California Institute of Technology, under contract 
NAS 7-100 sponsored by NASA. D.J.D. is supported by a 
NASA/NRC Resident Research Associateship. 
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Evidence for lightning on Venus 


WHETHER lightning exists in a planetary atmosphere is a 
fundamental question for the atmospheric physicist. The condi- 
tions within a lightning stroke are far different from those within 
ambient atmosphere, permitting chemical and physical changes 
in the atmosphere which are not possible in equilibrium condi- 
tions. The relative importance of such nonequilibrium processes 
depends on the frequency and the location of this electrical 
activity. Discovery of lightning on other planets would also 
affect other scientific fields, including studies of planetary 
magnetospheres and of life. Lightning has been predicted or 
considered on Venus’ and Jupiter*”’, and evidence for lightning 
has been obtained with instrumentation on Venera 11 and 12 
descent vehicles*. Electric fields characteristic of lightning, and 
acoustic signals, were detected on the dayside of the planet. We 
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Fig.l The solar zenith angle of the periapsis of the Pioneer Venus 

Orbiter in December 1978 and January 1979 with orbits with 

impulsive events marked. The events, possibly due to lightning in 

the atmosphere of Venus, seem to be observed only when the 
Orbiter is in the shadow of Venus. 


present here evidence of lightning on Venus obtained by 
instruments on the Pioneer Venus Orbiter. 

The spacecraft was placed into Venus orbit on 4 December 
1978°. Results discussed here are derived from observations to 
31 January 1979. The periapsis of the Orbiter is well within the 
Venus ionosphere where electromagnetic waves characteristic 
of lightning might propagate. Initially periapsis was in sunlight. 
However, periapsis moved into darkness by the end of Decem- 
ber, and at this time the Orbiter electric field detector obtained 
its first evidence for lightning. 
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Fig.2 A few minutes of electric and magnetic field data observed 
with Pioneer Venus Orbiter on 21 January, 1979. The measured 
electric field amplitudes of waves with frequencies a, 30 Hz; b, 
5.4 kHz; c, 730 Hz; d, 100 Hz. The magnitude of the magnetic field 
is shown in e. Electron density data are shown in f (unconnected for 
densities <500 cm `°). Periapsis was at 19 h 36 min 32s. 
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The electric field detector has sensors which are mounted on 
the body of the Orbiter spacecraft with an effective antenna 
length of 0.7 m. The amplitude of the voltage induced on the 
antenna is measured in four frequency bands centred at 0.100, 
0.730, 5.40 and 30.0 kHz, each 30% wide. The amplitudes are 
telemetered at various rates, commonly a complete spectfum 
(four measurements) every 0.5s. The data reported here are 
from three instruments on Pioneer Venus—the electric field 
detector“, the magnetometer’, and the Langmuir probe’. 

Electric field data from early orbits were carefully inspected 
for evidence of lightning but none was found. In fact, in the 
dayside ionosphere, the wave levels were particularly low during 
these early orbits, especially in the two lower bands. Beginning 
with periapsis data on 30 December 1978, strong, very 
impulsive signals were often observed at low altitudes. Figure 1 
shows the precession of the solar zenith angle of the periapsis of 
the orbit with the days of the low altitude impulsive events 
indicated. Reception of the waves at the satellite appears possi- 
ble only when the satellite is in or near the shadow of Venus. In 
principle, this could be due to a source effect (for example, if 
venusian thunderstorms occur only at night) or to a propagation 
effect (for example, if the daytime venusian ionosphere ts 
opaque to the waves). A source effect can probably be ruled out 
since Venera 11 and 12 lightning observations were made at 
solar angles <25°, and this fact alone suggests that the nightside 
observations on the Orbiter are associated with changes in the 
ionosphere. 
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Fig. 3 Onboard measurements of the electron density for a 

typical dayside and nightside ionosphere (dashed line) and for the 

nightside ionosphere corresponding to the data shown in Fig. 2 
(solid line). 


Figure 2 shows a fairly typical example from 21 J anuary 1979 
when the altitude of periapsis was 164 km (at 19 h 36 min 32 s). 
The impulsive wave events were primarily detected at altitudes 
less than about 250 km, with regions of low electric field activity 
in the ionosphere above about 250 km. The magnetic field was 
about 30 nT during most of the time shown in Fig. 2, giving an 
electron gyrofrequency of about 840 Hz. Within the density 
‘dropouts’ we use N = 40 cm™ as an electron density estimate. 
For a magnetic field of 30 nT and an electron density of 40 em”, 
100 and 730 Hz waves will propagate in the whistler mode, 
whereas no cold plasma wave mode will support propagation at 
5.4 or 30 kHz. The events are strongest at 100 and 730 Hz 
although a few events extend to 5.4 kHz as well. The 5.4 kHz 
data may be due to propagation in other wave modes or may be 
due to waves leaking out of a nearby region of depleted electron 
density (common on the nightside of Venus). Figure 3 shows the 
different character of the ionosphere on the day and night sides 
of Venus. The dayside is relatively more dense and more 
regular. The impulsive events occurred at an average rate of 
about 0.5 s~' between 19 h 35 min and 19 h 39 min. The actual 
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Fig.4 The decay of the measured amplitude of an impulsive event 

on 13 January, 1979. The decay is exponential and apparently due 

entirely to the electronic averaging in the instrument. This 

indicates that the length of the input signal was very much less than 
the time constant of 0.70 s. 


rate may have been much higher since the time between 
measurements was 0.5 s during this period. Venera 11 observed 
a maximum impulse rate of 25s”! (ref. 1). 

Lightning on Earth is very impulsive. A test of the impulsive- 
ness of the events is to observe the decay of the receiver output 
after an isolated impulse. The pulse shape of such an isolated 


the pulse is very short but, as expected, the decay is exponential 
with a time constant of 0.70 s, consistent with the decay time 
constant of the receiver. 

The following evidence leads to the tentative conclusion that 
the impulsive events were caused by venusian lightning: (1) The 
Signals are intense and highly impulsive; (2) the signals are 
detected near periapsis, well inside the ionosphere; (3) the 
spectral characteristics of the signals are generally consistent 
with whistler wave propagation up through the ionosphere; (4) 
the signals are often observed during intervals when low and 
variable electron densities are measured. 

When the nightside densities are as high as 10° cm™°, the 
interpretation that the impulsive events were caused by light- 
ning requires that the whistler mode damping that seems to be 
effective in the dayside ionosphere® should be ineffective in the 
lower density nightside ionosphere. Other interpretations of 
some of the wave measurements are also conceivable (for 
example, some observations could represent electrostatic ion 
acoustic or electrostatic ion cyclotron waves’’®, or be due to 
turbulence near zero frequency’. However, many of the 
impulsive events are detected near regions with local electron 
densities <10° cm™*, and since the electron energy for Landau 
damping is proportional to the inverse of the density, the cool 
electrons near periapsis at night can never provide much 
damping. Moreover, for densities <10? cm™* and a magnetic 
field of 30 nT, a 100-Hz whistler mode wave has a wavelength of 
10 km or more, and it is almost certain that the spacecraft is 
frequently as close as the wavelength from the lower edge of the 
ionosphere. For these cases, and others where ducts might be 
present, signals from atmospheric lightning should be able to 
propagate to the spacecraft without any significant damping. 
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Observation of magnetic 
flux ropes in the Venus ionosphere 


MAGNETIC field measurements made by the Pioneer Venus 
Orbiter spacecraft reveal a very low average field strength within 
the dayside ionosphere of Venus, typically only a few nano- 
teslas, in contrast to fields of several tens of nanoteslas just 
outside the ionosphere’. Thus, at least in the range of solar 
zenith angles (65-90°) initially probed by the orbiter, the 
compressed interplanetary magnetic field of the shocked solar 
wind plasma (the magnetosheath) is effectively shielded from 
the ionosphere by currents flowing on the ionopause, the boun- 
dary between the ionosphere and the magnetosheath. In addi- 
tion, the magnetic field pressure just outside the ionopause 
approximately balances the ionosphereic thermal plasma pres- 
sure’’. However, within this generally low-field region the 
spacecraft occasionally passes through regions of very large field 
strength which can sometimes exceed that observed external to 
the ionosphere. These intense, short-lived enhancements are 
described here and interpreted to be due to the passage of the 
spacecraft through ‘flux ropes’, bundles of twisted magnetic field 
lines surrounded by ionospheric plasma. 
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Fig. 1 Magnetic field enhancements observed within the ion- 

osphere shortly after periapsis (at 1431.56) on orbit 3 of Pioneer 

Venus. Before and after this interval, the characteristic ionospheric 

field strength is less than 10 nT, while the peak field just outside the 
ionopause is ~55 nT. 
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Fig. 2 a,b Comparison of the magnetic structure of one of the 
enhancements shown in Fig. 1 (a), and a model of the enhancement 
(b), the coordinate system is the principal axis system given by 
minimum variance analysis, and the fields are in nanoTeslas. The 
model parameters are discussed in the text. 13.58 of data are 
shown, Hodograms of the structure (c) and the model (d). Orbit 3 
of Pioneer Venus; 7 December 1978; 1432.37.3~1432.50.8; 1, = 
3.2; la at 4.5; Pmin ™ 2. 


Figure 1 shows the magnetic field strength observed near 
periapsis on the third orbit of Pioneer Venus. The spacecraft 
moves from an altitude of 209 km and a solar zenith angle of 
66.7° to an altitude of 332 km and an angle of 69° during this 
time. Numerous enhancements occur throughout the ion- 
ospheric passage, and the field components (not shown) undergo 
complicated variations within each enhancement. It is unlikely 
that these variations are purely temporal, as the spacecraft is 
travelling faster than plausible wave disturbances. For example, 
with local ionospheric densities >10* cm™*, temperatures of 
roughly 2,000 K (refs 2,3), and a background field of roughly 
2 nT, the Alfvén speed is ~0.5 km s™*, while the sound speed is 
~1kms~'. The orbital speed of the spacecraft near periapsis is 
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~10kms™', so we are probably observing spatial structures. 
Because the spacecraft grazes these structures at various dis- 
tances from their centres, the magnitude and duration of the 
enhancements are variable, as can be seen in Fig. 1. This figure 
also shows that structures often overlap one another, and for 
clarity, we have analysed only distinctly separate enhancements. 

In an attempt to reduce the field variation to two dimensions, 
we have performed minimum variance analyses* on some of 
these enhancements. Figure 2a shows the field variation, in the 
principal axis system, of the structure observed between 
1432.37.3 and 1432.50.8 UT on orbit 3. The i j and k 
components refer to the maximum, intermediate and minimum 
variance directions respectively. Figure 2b shows the results of a 
minimum variance analysis applied to a passage through a model 
field describable by the following equations: 


B, = B(p) x cos (a(p)). 

Bz = B(p) xsin (a(p)) 

B(p) = Box exp (—p’/Ip) 

and a(p) = 9/2 (1—exp (—p7/14)) 


These equations define a helical magnetic field, whose magni- 
tude and pitch a, depend on the radial distance, p, from the axis 
of the structure. B, and Bz are, respectively, the azimuthal and 
axial components of the field. The scale lengths la and la 
determine how rapidly the pitch and magnitude vary with 
distance from the axis. For the case shown in Fig. 2a, b la = 3.2, 
la = 4.5, and the distance of closest approach to the axis was 2.0. 
Hodograms of both the observations and the model are shown in 
Fig. 2c, d; the field vector swings through a full 180° in the i-/ 
plane, passing through maximum magnitude near 90°. The 
distinctive variation in B, is a result of passing through the 
helical structure off-axis. 

The magnetic configuration suggested by the data and 
described explicitly by the model is shown in Fig. 3. Because of 
the helical nature of the magnetic field, the structure resembles a 
rope of twisted magnetic flux tubes: the magnetic field is axial 
and at its peak strength in the centre of the structure, becoming 
weaker and more azimuthal with increasing distance from the 
axis. 

The currents which produce this helical magnetic structure are 
shown in Fig. 4a, 6, both in the cylindrical coordinates of the 
structure and in coordinates parallel and transverse to the 
magnetic field at each point. Note that throughout the modelled 
passage the axial current is always dominant. 

To determine the source and evolution of these flux ropes, we 
next examine their amplitude and occurrence frequency with 
altitude. Figure 4c, d shows these quantities combined for orbits 
3, 4, 6 and 7. The altitude range is divided into 25-km bins, and 
the total number of flux rope structures per bin is shown in Fig. 
4c. Because of its orbit, the spacecraft spends more time in the 
low-altitude bins than in the high, and this effect can be seen as 
an increase in total number of structures per bin with decreasing 
altitude. The altitude interval 150-175 km was sampled only 
during orbit 7, and does not have an observing time comparable 
to the higher altitude bins. To correct for the varying observing 
time with altitude we have determined the ratio of the total time 
spent within flux ropes to the total time spent within an altitude 
bin, as shown in Fig. 4c. There seems to be a slight increase in 


where 





Fig. 3 Inferred magnetic structure of an ionospheric flux rope. 
The field is weak and azimuthal in the outer regions, becoming 
much stronger and more axial near the centre of the structure. 
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Fig. 4 a, b Current densities (arbitrary units) of the model 
structure in Fig. 2a, b. The cylindrical components (a)J, and Jz 
refer to the azimuthal and axial current contributions, while J, and 
J, (b) are the contributions parallel and transverse, respectively, to 
the local magnetic field vector. The abscissa is distance along the 
spacecraft trajectory which in this case does not pass through the 
centre of the rope, Distributions of occurrence frequency (c) and 
amplitude (d) with altitude. 


occurrence rate at lower altitudes. Additional data, especially 
when Pioneer Venus returns to the dayside ionosphere, will be 
needed to confirm this tendency. 

If the magnetic field in these structures is in pressure balance 
with the surrounding ionospheric plasma, one would expect 
their characteristic field strength to increase with decreasing 
altitude, as the plasma thermal pressure increases. Figure 4d 
shows the peak flux rope amplitude observed within each alti- 
tude bin, and indeed, the amplitude seems to increase with 
decreasing altitude. The 150-175 km bin is the most notable 
exception to the trend, perhaps because this lowest altitude 
interval was sampled only on orbit 7. The right portion of Fig. 4d 
shows the median of the distribution of flux rope amplitudes 
within each bin. The distribution suggests that, at altitudes 
below 350 km, amplitudes increase overall with decreasing 
height, but results above 325 km have less statistical accuracy 
because of the small number of samples in those intervals. 

Although the results shown are only based on four orbits of 
data they, nevertheless, carry implications for the source and 
evolution of flux ropes. First, the suggestion that these structures 
are more numerous at lower altitudes may be due to either a 
‘piling up’ effect or to a source at low altitudes. The former might 
occur if magnetosheath magnetic flux tubes were pulled into the 
ionosphere by solar wind convection, such as has been proposed 
for the terrestrial magnetopause’. These structures would slow 
down and pile up in the denser, slower moving lower ion- 
osphere. If, however, these structures result from a source in the 
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lower ionosphere, they might percolate upwards due to buoy- 
ancy; indeed, the enhanced magnetic field pressure within these 
structures implies the reduction of the plasma thermal pressure 
there, and if this shows up as a reduction in ion/electron number 
density, flux ropes must be buoyant with respect to the sur- 
rounding plasma. A similar process is believed to occur in the 
terrestrial equatorial ionosphere®. The helical nature of flux 
ropes could develop from velocity shear in the ionosphere, due 
perhaps to a viscous interaction with the magnetosheath at the 
ionopause. Given the observed ionospheric temperatures and 
densities, and flux rope scale diameters between 10 and 100 km, 
the magnetic diffusion time of such structures would be many 
hours. Thus flux ropes are likely to persist long enough to be 
transported, not only from the ionopause to the lowest ion- 
ospheric levels (or vice versa), but from the subsolar region to 
the terminator as well. 

Whatever their source, these ionospheric flux ropes may play 
an important part in the solar wind—ionosphere interaction, and 
ionospheric plasma transport and heating. Analysis of the early 
Pioneer Venus data is continuing to define better the nature of 
this unexpected phenomenon. 
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Polar heating 
and the shape of Venus 


ON Venus, as on the other terrestrial planets, temperature 
variations are expected between equator and poles and between 
day and night. Several attempts have been made to measure 
these deviations from circular symmetry in the radio emission 
from Venus using interferometric techniques, for example, 
Berge and Greisen‘ at a wavelength of 3.1 cm and Sinclair et 
al.”* at 11 cm. The observed variations are found to be very 
small. Berge and Greisen‘ report a slight increase in the bright- 
ness temperature towards the poles, but the effect was less than 
one standard deviation of the measurements. A larger increase 
in brightness temperature towards the poles was seen by Sinclair 
et alt. We report here a similar polar brightening at a 
wavelength of 6 cm which persuades us that the effect is real. 
This brightening is a surface or near surface phenomenon as at 
6cm about half the flux is from the surface and half from the 
lower atmosphere. 

Our observations were made with a two-element inter- 
ferometer at Owens Valley Radio Observatory between 6 May 
and 13 May 1977, near inferior conjunction with Venus. Each 
element of the interferometer is a steerable, parabolic, 27-m 
diameter antenna with a linearly polarised feed that can be 
rotated by remote control. The polarisation of the E-vector 
accepted from Venus was either perpendicular or parallel to the 
baseline projected on the planet and was alternated between 
successive records. The observational records were 5 min long 
with calibration records every 45-60 min. Small-diameter 
extragalactic radio sources with accurately known positions 
were used to calibrate the fringe amplitude and phase. 

An east-west (E-W) baseline of 396m and a north-south 
(N-S) baseline of 456 m were selected to observe near the first 
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null of the planet’s 6-cm visibility function, which is the Fourier 
transform of the spatial brightness temperature distribution. 
These baselines were nearly parallel to N-S and E-W directions 
on Venus, as well as on the Earth. The resulting visibility 
functions are most conveniently expressed as a function of B, the 
instantaneous projected baseline length in wavelength times the 
angular radius of the planet based on a physical radius of 
6,100 km. The value of B at the first null of the visibility 
function, Bo, varies inversely with the width of the brightness- 
temperature distribution along the baseline. Thus, by comparing 
the E-W and N-S values of Bo, the directions in which the planet 
is wider and/or hotter towards the limbs can be determined. We 
cannot uniquely deconvolve variations in the planet’s radius and 
temperature variations. Our observations were all near the first 
null and determine Bo quite accurately. 

An interferometer measures both the amplitude of the visi- 
bility function and the phase. Theoretically, phase data can be 
used to detect asymmetries about a line through the centre of the 
disk perpendicular to the baseline. However, our phase data 
from the N-S baselines were affected by antenna pointing errors 
caused by strong winds, and we could not determine the amount 
of asymmetry between the north and south poles on Venus. To a 
close approximation, such pointing errors do not affect the 
measurements of Bo. Sinclair et al.* report that the pole-to-pole 
asymmetry is <3 K at a wavelength of 11 cm. Consequently, we 
have assumed that equator—pole variation is symmetric, that is, 
that the brightening occurs equally at both poles. Observations 
on our E-W baseline were not affected by pointing errors as the 
winds at this time were low. 

Figure 1 shows our measurements with polarisation perpen- 
dicular to the baseline for the E-W and N-S baselines. To find 
the best fit value for By, we used least squares to fit the quadratic 
formula, B(B — Bo) + C(B — Bo)’, to the data for a series of values 
of Bo. Because a quadratic is a good approximation of the true 
visibility function over only a limited range of B, we consider 
only data points with 0.56<6<0.68 for the perpendicular 
polarisation. We determine the value of 8, that minimises the 
sum of the squares of residuals: 


S= 2 (f; —[B(B; ~ Bo) Gi C (B: = Bo) D? 


where f; = data point at 8; and B and C are the best fitting 
coefficients for each value of Bo. The best fitting values for By are 
0.6207 +0.0005 for N-S, and 0.62142+0.0004 for E-W., 
where the errors are standard deviations determined from the 
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Fig. 1 Visibility data for a N-S and b E-W baselines with 

polarisation perpendicular to the baseline. a, Bo= 

0.6207 +0.0005; b, Bo = 0.6214 +0.0004.The visibility is plotted 

plus or minus according to the phase. The curves shown and the 

values given for Bo were determined by a least-squares fit of a 

quadratic as described in the text. The radius used in calculating 6 
was 6,100 km. 
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data. The difference in nulls ABa, is 0.0007 + 0.0006, where the 
error again is the standard deviation. 

Our measurements with polarisation parallel to the baseline 
are shown in Fig. 2. The best fit values over the range 0.55< 8 < 
0.67 for By are 0.6075 +0.0005 for N-S; and 0.6082 + 0.0004 
for E~W,. The parallel nulls are at smaller values of By than the 
perpendicular nulls because of a maximum in the brightness in 
this polarisation at the Brewster angle. The difference in nulls 
for the parallel polarisation is also 0.0007 + 0.0006. 

As the measurements in the two polarisations are statistically 
independent, we may combine our results to get ABo= 
0.0007 + 0.0004. Note that in both polarisations the N-S Bo is 
less than the E-W Bo. This difference implies that the planet is 
either larger or brighter at the limb along the N-S direction than 
along the E-W direction. This result is surprising. If we assume 
that the AB, is produced by a variation in radius of a uniformly 
bright planet, the planet’s figure must be 7 km + 4 km prolate. If 
the planet’s gravitational equipotentials are prolate to this 
extent as well, the resulting J, is about ~10°°, but J, for Venus 
has been estimated to be -2+5x10™° by Esposito (personal 
communication) and 4.04 1.5 x 107% by Akim et al’. 

It is difficult to compare our results with the polar heating 
reported by Sinclair et al.*, because they do not report a model- 
independent measure of the effect such as the prolateness of an 
equivalent, uniformly bright elliptical disk. Sinclair et al. altered 
their standard circularly symmetric Venus model to include a 
latitudinal surface temperature variation of the form AT sin’¢ 
where ¢ is the latitude. The form sin’g was chosen as it is the 
first even term of a harmonic expansion. The resulting surface 
temperature at each latitude was adiabatically extrapolated 
upwards through the atmosphere. Visibility functions computed 
from this model were compared with their measured visibilities 
and AT = 16+2.5K was estimated. Apparently, the quoted 
error does not include any model uncertainties. A similar pro- 
cedure with our data would yield a AT of about 5K. The 
magnitude of the effect may be variable. 

There are several viable phenomena that would cause the 
poles of Venus to be hot or to appear hot at radio wavelengths, 
although the thermal time constant in the lower venusian 
atmosphere is very long and, on theoretical grounds, one expects 
nearly constant temperatures on any equipotential surface. The 
absence of appreciable E-W asymmetries in the radio brightness 
across the terminator* strongly supports this idea. However, the 
global atmospheric circulation may cause relative heating 
towards the poles. There may be strong downwelling causing 
warming associated with the cirumpolar vortex®. IR measure- 
ments on the Pioneer Venus Spaceprobe’ detected a brightening 
of ~10 K over the north pole, down to an altitude level of about 
70km. These measurements are only sensitive to the atmos- 
pheric temperatures above the clouds. This region contributes 
nearly zero flux at radio wavelengths. It is unlikely that these 
elevated temperatures above 70 km are related to the brighten- 
ing at the surface. A second possible cause of polar heating is a 
slight topographical flattening relative to the gravitational 
equipotentials possibly due to a more rapid spin state in the past 
or to the dynamic alignment of the planet’s rotation axis and its 
axis of greatest moment of inertia. The latter case would 
apparently also require a more rapid rotation in the past. It is 
also possible that topography generated by geological processes 
could coincidentally cause this effect. Two phenomena that 
would increase the radio brightness towards the poles without 
increasing the physical temperature are a systematic decrease in 
radio opacity caused by a thinning of the clouds towards the 
poles or a systematic increase in surface emissivity away from 
the equator due to latitudinal differentiation of the surface 
geology. 

The possibility of a greater topographic than gravitational 
oblateness is explored below. Atmospheric circulation will be 
considered elsewhere. It is not unreasonable to expect Venus’s 
figure to have a small excess topographic oblateness. The 
Earth’s figure has an excess oblateness of about 0.5 km, pri- 
marily because a majority of the continents are located nearer 
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Fig. 2 Visibility data for a N-S and b E-W baselines with 
polarisation parallel to the baseline. a, By = 0.6075 +0.0005; b, 
0.6082 + 0.0004. Otherwise as Fig. 1. 


the Equator than the poles®. The Moon and Mars also have 
excess oblateness of about the same magnitude”’”. 

Model calculations were carried out to determine how large a 
bulge is required to explain our observations. In the model, the 
figure of the planet is assumed to be an oblate spheroid. In 
general, the gravitational equipotentials are oblate also due to 
the oblate figure and rotation. However, if the planet is not in 
hydrostatic equilibrium, the topographical oblateness will 
exceed the gravitational oblateness unless the density dis- 
tribution is prolate. For simplicity in calculations, the gravita- 
tional equipotentials in the model are assumed to be spheres. 
The atmosphere is well mixed so the surfaces of constant 
temperature and pressure are also spherical. The poles are lower 
in the atmosphere than the equator and are, therefore, warmer. 
An atmospheric model and a computational method similar to 
that of Muhleman ef al." are used to calculate brightness 
temperatures which are integrated numerically over the planet’s 
disk to find the model visibility function for an E-W and a N-S 
baseline. In calculating brightness temperatures, the effects of 
absorption, emission and refraction in the atmosphere are 
considered along with the effects of reflection and emission by a 
dielectric surface. We find that a topographical oblateness of 
0.6 km+0.4km will yield a AB, that agrees with our obser- 
vations. We believe that this is a good approximation of the 
amount by which the topographical oblateness must exceed the 
gravitational oblateness. This amount of oblateness together 
with the 7.8°km™' lapse rate leads to the poles being 5°+3° 
warmer than the equator. 

To determine whether the excess topographical oblateness 
could be due to a fossil rotational bulge, we use the model of 
Melosh”’ for a despun planet. The structure of the planet in this 
model is an elastic shell over a fluid interior. We assumed an 
initial rotation period of 1 day and a density contrast between 
the interior and the elastic shell of 1.5-2.0. We find that when 
the excess topographical oblateness is 0.6 + 0.4 km, the gravita- 
tional field generated has a J, an order of magnitude above the 
observational limit. These results indicate that the presence of a 
fossil rotational bulge on Venus large enough to explain our 
observations is unlikely. However, the polar heating could still 
be due to regional isostatically compensated changes in the 
topography which would have less impact on J}. 

In conclusion, our observations are consistent with previous 
work that has shown that the disk of Venus is nearly circularly 
symmetric at radio wavelengths. However, a small amount of 
polar brightening is present. We cannot yet determine the cause 
of this phenomenon although we have argued against the possi- 
bility of a fossil rotational bulge large enough to explain the 
result. As the poles of Venus have other interesting aspects 
involving atmospheric temperatures and circulation, they are an 
area worthy of future investigation. 
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X-ray, optical and radio 
observations of A1710 —34 


SAS 3 ROTATING modulation collimator (RMC) measure- 
ments are reported here which yield a new, more precise, 
position for the Ariel 5 X-ray source A1710—34 (ref. 1). We 
also report optical observations of stars in the X-ray error box 
and discuss evidence obtained with the Parkes 64m radio 
telescope for 2-cm radio emission from the vicinity of the X-ray 
source. 

Measurements were made of A1710~34 with the 2.3‘ and 
4.5’ FWHM RMC detectors on the SAS 3 X-ray observatory”. 
These detectors are sensitive in the range 2-11 keV. Two 
independent sets of position measurements were made between 
1600 UT 16 July and 1200 UT 22 July 1978. Details of the 
observations and the most probable position for the source 
(which we designate 281711 — 339) are given in Table 1. This 
position is 2.2 arc min from the most probable position deter- 
mined using the Ariel 5 satellite and is therefore just inside the 
Ariel 5 error box. The 90% error circle of the new position has a 
radius of 40 arcs. A finding chart from the SRC Schmidt Survey 
J-plate is presented in Fig. 1. 

The error circle for this observation of 281711 — 339 includes 
seven stars of the European Southern Observatory (ESO) quick 
blue survey plate with magnitude, m,,< 20. The brightest star 
(number 1, Fig. 1) has a magnitude, m,,~15. The Anglo- 
Australian Telescope and the RGO spectrograph (140 A mm™! 
dispersion) were used to obtain a spectrum (3,200-7,000 A) of 
this star. The star is of spectral type GO and has no perceived 
emission lines. We therefore have no spectroscopic evidence to 
suggest that it is the optical counterpart to the X-ray source. 

The SRC-J survey plate shows that the X-ray error circle lies 
in the direction of a dust lane. Absorption is particularly strong 
in the eastern half of the error circle. If the X-ray low energy 
spectrum is heavily cut off, the optical candidate is more likely to 
be faint and to the east behind the dust lane. Low-energy X-ray 
observations would be useful to clarify this particular point. No 
particularly blue or red stars or variables could be identified by 
comparing ESO (blue) and SRC (yellow) survey plates. 
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Table 1 RMC observations of A1710—34 (281711 —339) 





Intensity 
Date (1978) Exposure Collimator RA (1950) Dec (1950) pJy (2-11 keV) 
0700 uT 20 July ; 257.7579 -33.9897 
1200 uT 22 July lal ed: VEE 17h 11 min 1.95s ~33°59'23" 13.242.2 (60) 
0700 uT 20 July j 257.7500 -33.9978 
1200 UT 22 July iai Ss ce 17h11 min0.0s  —33°59'52" 14.6£2.3 (70) 
1600 uT 16 July à 257.7583 -33.9908 
0500 uT 20 July ere ———— 17h11 min2.0s  —33°59'27" 166426) 
1600 UT 16 July 257.7554 —33.9908 
0500 ur 20 July i ees ss EAN 17h11 min1.3s  —33°59'27” 15.3+2.2 (70) 
Average 257.7554 —33.9922 
i7hllminl.3s  —33°59'32" eels 
i 
LT 
Table 2 Summary of X-ray, radio and optical observations of A1710—34 
"Eee eee 
Position (1950.0) Error circle radius 
Waveband RA Dec (90% confidence) Intensity 
X-ray (2-11 keV) 17h 11 min1.3s —33°59'32” 40 arcs 14.94 1.2 ply 
Radio (2 cm) 17 10 52 —34 00 36 2.2 arc min 23+5 mJy (max) 
Optical (star 1) 17 11 1.32 —33 59 12.8 2 arcs My, ~ 15 


LL... 


The region of the sky in the vicinity of A1710—34 (281711 — 
339) has been searched for 2-cm radio emission using the Parkes 
64m radio telescope with a full width to half-power beam of 2.2 
arc min. Dual-beam switching between two identical beams 
separated by 6.5 arc min was used. The measurements were 
made in June 1977, August 1977 and April 1978 during a 
comprehensive search* for new radio counterparts of X-ray 
sources using Ariel 5, SAS 3 RMC and HEAO 1 positions. The 
new X-ray position was not known at the time of these obser- 
vations. 

No significant signal was detected from the vicinity of 
A1710—34 (281711 —339) in June 1977 or April 1978. Two- 
sigma upper limits were 66 and 12 mJy respectively. A flux 
density of 23+ 5 mJy was detected in August 1977. As the 





2S1711-339 


Fig. 1 Finding chart for the SAS 3 RMC position for 2S$1711— 

339, taken from the SRC Schmidt Survey J-plate. The scale is given 

by the diameter of the error circle which is 80 arc in diameter. 
North-east is in the upper left-hand corner. 


source was too weak for a reliable radio position determination, 
the beam was pointed at the Ariel 5 RMC source position. The 
sensitivity to a point source at the centre of the SAS 3 X-ray 
error circle would be ~13% of the on-axis response. 

Radio counterparts of galactic stellar X-ray sources tend to be 
very variable. Thus, for example, the radio emission from Sco 
X-1 varies in an irregular manner with a typical time scale of 
hours. The range of variability is about two orders of magni- 
tude’. GX9+1 and GX17+2 exhibit short term variability of 
the Sco X-1 type®. Cire X-1 is also variable on a time scale of 
hours’. 

We have applied the x° test to the hypothesis that the radio 
signal seen in August 1977 could have occurred by chance from 
a source of constant flux density equal to the weighted mean of 
the three observations. This gives y° = 7.7 for 2 d.f. The prob- 
ability of obtaining a value of x° =7.7 is about 2%. It therefore 
seems reasonable to assume that A1710 —34 (281711 —339)isa 
variable radio emitter with an intensity which rises above the 
threshold of the Parkes radio telescope at 2cm only during 
periods of major flaring. 

We conclude that there is probably a variable 2-cm radio 
source in the vicinity of A1710—34 (281711 —339) but that 
further observations are required to determine the position 
accurately. In Table 2 we summarise the observations made in 
the three different wavelength bands. 
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On the detection of jovian 
companions to white dwarfs 


BRACEWELL' has recently proposed detection of planetary 
companions to nearby stars by means of a spinning IR inter- 
ferometer. In particular, he notes that at far IR wavelengths, the 
emissivity ratio of the planet to the star increases by five orders 
of magnitude over equivalent values in the visible. I point out 
here that more than another three orders of magnitude in 
sensitivity is gained by choosing white dwarfs as the obser- 
vational objects, which may permit detection of jovian or black 
dwarf companions by direct photometry from a space telescope 
with photon-limited, far IR detectors. 

Compared with the Sun, a typical DA white dwarf has a 
surface area only 1-210°* as great, while its photospheric 
temperature is approximately double. Thus, at wavelengths in 
the Rayleigh—Jeans regime, an observer would detect 2,500- 
5,000 times fewer photons from a white dwarf than from a 


solar-type star at the same distance. The key assumptions to this | 


proposal then are that planets of comparable or greater than 
jovian mass will (1) survive the parent star’s red giant phase, and 
(2) presently contain internal energy sources similar to that of 
Jupiter. I discuss each of these assumptions in turn. 

The most serious threat to a planet’s survival is engulfment by 
the red giant photosphere. Viscous drag on the planet’s orbital 
motion would then lead to a spiralling into the stellar core. The 
maximum luminosity? of a red giant with a 1.4 Mo carbon- 
oxygen core (that is the Chandrasekhar limit) is ~5.2 x 10* Lo. 
If the red giant’s effective temperature is =2,500 K, all planets 
with orbital semi-major axes >5.7 AU should remain outside 
the photosphere. For a 1.0 Mo core, the equivalent value is 
4.2 AU. Runaway atmospheric evaporation might also cause 
planetary destruction. However, Jupiter’s atmosphere must be 
heated to temperatures far above 3,000K (GMym,/kR;~ 
180,000 K) before significant quantities of atomic hydrogen will 
escape. Therefore, as long as a jovian planet remains outside the 
red giant photosphere, it will probably survive and perhaps even 
grow slightly from stellar wind accretion. 

Both Jupiter and Saturn have internal energy sources. For 
Jupiter, this source provides more than half its observed thermal 
emission. Though gravitational contraction may be partially 
responsible, most astronomers favour an explanation relying on 
the radiation of primordial heat of formation. Graboske et al.’ 


have calculated the initial contraction and subsequent evolution ` 


of a 0.0095 Mo protoplanet and found that after a relatively 
short time (O{10° yr}) spent along the Hayashi track, a rapid 
transition to the cooling’ curve of a very cold degenerate dwarf 
occurs. In this latter regime, log L/ Lo scales as —1.3 log t. As the 
average age of a white dwarf (including its progenitor’s lifetime) 
is somewhat greater than half that of the Galaxy, the present 
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luminosity of a hypothetical jovian companion should remain at 
approximately half its value at t= 4.6 10° yr, the age of our 
Solar System. Thus, one expects relatively strong internal emis- 
sion to be a general property of all planets of jovian mass or 
preater. s 

The three or more orders of magnitude gained in relative 
sensitivity by the choice of white dwarfs.rather than solar-type 
stars suggest that planetary companions might be detected as an 
‘IR excess’ if advanced detectors become available. Adopting 
sample parameters of A = 40 um, AA = 10 pm, Rwp = 0.013 Ro, 
Rp=0.1Ro, Twp = 10* K, Tp = 120 K, and a distance of 10 pc, a 
collecting area of 10* cm? would receive ~180 photons s~’ from 
the white dwarf and ~20 photons s~™* from the planet. A hypo- 
thetical photon-limited detector above the Earth’s atmosphere 
could reveal the excess planetary signal with a signal-to-noise 
ratio >10 in less than a minute. Confusion with the relic 
circumstellar dust shell of the red giant is unlikely because it 
should have been quickly swept away by the ram pressure 
associated with the white dwarf’s motion through the interstellar 
medium. Zodiacal dust, however, may lead to serious back- 
ground noise limitations’ and increase detection times for a 
diffraction limited telescope by as much as a factor of 1,000 at 
low ecliptic latitudes. 

One might also detect or set upper limits on the number of 
substellar, degenerate ‘black dwarfs’* in the mass range 107? to 
~0.06 Mo associated with white. dwarfs. Such objects may 
provide an important contribution to the mass density, both 
locally and in clusters of galaxies*ć. Their IR luminosity should 
scale at least linearly with mass. The advantage of a search in the 
immediate vicinity of a white dwarf is simply that one has a quite 
definite, highly localised position on the sky to measure. For a 
background-limited detection. system, this allows one to maxi- 
mise the signal-to-noise ratio until either the diffraction limit or 
the effective ‘seeing’-limit is reached. 

There are over a dozen single white dwarfs known within 
10 pe of the Sun’. A far IR survey.of these stars from a 
space-borne telescope might quickly reveal whether solar 
system formation was a common event. A positive answer would 
give preat impetus towards the construction of a more elaborate 
planet-detector, such as that proposed by Bracewell. 


WILLIAM M. FAWLEY 
Astronomy Department, University of Pennsylvania, 
Philadelphia, Pennsylvania 19104 


Received 12 February; accepted 23 April 1979. 


. Bracewell, R. N. Nature 274, 780-781 (1978). 

. Paczynski, B. Acta astr. 21, 417-435 (1970). 

Graboske, H. C., Pollack, J. B., Grossman, A. S. & Olness, R. J. Astrophys. J. 199, 265-281 
(1975). 

. Kumar, S. S. Astrophys. J. 137, 1121-1125 (1963). 

. Napier, W. McD. & Guthrie, B. N. G. Mon. Not. R. astr. Soc. 170, 7-14 (1975). 

Tarter, J. C; Bull. Am. astr. Soc. 8, 517 (1976). 

. McCook, G. P. & Sion, E. M. A Catalogue of Spectroscopically Identified White Dwarfs 

(Villanova Univ. Obser., 1978). ' 


W 


INAS 





Do comets provide material 
for the anomalous 
component of the cosmic rays? 


MATTER from comets is proposed here to form a significant 
part of the source material for the ‘anomalous component’ of the 
cosmic rays. As a result it is concluded that certain molecular 
ions, such as CO“, should be present at energies around 10 MeV 
per nucleon. 

The spectra of the nucleonic component of cosmic radiation in 
the energy band 1-60 MeV per nucleon have produced a 
number of surprises. The most dramatic of these concerned the 
fluxes of oxygen and carbon. Jokipii’ gave minimum flux values 
in the region 5 MeV per nucleon for hydrogen and helium which 
essentially divided the solar particles on the low energy side 
from the true cosmic radiation at the higher energies. The 
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Chicago group reported in 1973’ that the shape of the helium 
spectrum had changed in that the minimum reported earlier had 
now been filled in, whereas the hydrogen spectrum was essen- 
tially unchanged. Hovestadt ef al.’ also detected in 1973 an 
anomalous flux of oxygen centred around 5 MeV per nucleon, as 
there was no corresponding flux of carbon the C/O ratio had 
changed by a considerable factor. Later experiments confirmed 
these measurements and showed the oxygen flux to be 20 times 
the value of the carbon flux at this peak. This is in complete 
contrast to the situation below 1 MeV per nucleon or above 
60 MeV per nucleon where the C/O ratio remained close to 
unity. The later measurements also showed a substantial 
enhancement of nitrogen, and indicated a likely enhancement of 
neon. The total flux of the heavier elements is ~1.0m ° sr‘ s™', 
in the band 3 < E < 60 MeV per nucleon and that of helium is a 
few times larger. 

The discovery of the anomalous component was very surpris- 
ing and demanded an explanation. The generally accepted 
explanation is due to Fisk, Kozlovsky and Ramaty* who postu- 
late that these particles carry only a single charge in contrast to 
both the solar corpuscular radiation at ~ 1 MeV per nucleon and 
the cosmic rays at higher energies which are fully stripped. The 
consequently high magnetic rigidity (~2 GV) is an essential 
feature of their explanation. They envisage the following stages: 
(1) The passage of the Solar System through the local interstellar 
gas sweeps aside charged ions, while the neutral atoms are able 
to penetrate the magnetic cavity of the Sun. A fraction of these 
atoms is ionised well within the solar cavity. Species likely to be 
uncharged in interstellar space include He, N, O, Ne since their 
first ionisation potential is higher than that of the interstellar 
hydrogen which shields them. (2) After ionisation the singly 
charged species are carried by magnetic disturbances out to 
~50 AU where magnetic inhomogeneities accelerate them 
preferentially, owing to their high rigidity. They retain their unit 
charge; the mean lifetime for further ionisation will be in the 
range 10°-10°s, depending principally on their distance from 
the Sun. (3) After acceleration the ions, still presumably singly 
charged, diffuse through the Solar System, losing little energy 
from adiabatic deceleration. Again this is due to their rigidity 
being so much higher than cosmic ray and solar species of 
comparable energy that are fully stripped. 

This model accounts for the particular enhancement of He, N, 
O and Ne atoms in terms of the magnitude of their first ion- 
isation potential. The ions are introduced to the acceleration 
mechanism by being ionised well within the solar cavity. The 
onset of the anomalous component in 1973 and its continuation 
to the present is presumed to be concerned with the solar cycle 
and its effect on the acceleration mechanism. 

If stages (2) and (3) operate on singly charged tons, clearly any 
other source of such ions might well contribute to the anomalous 
component. Comets seem to be such a source. The coma consists 
of neutral atoms and molecules which are the sublimation 
products from the cometary nucleus. The most abundant species 
in the coma seem to be degradation products of HO. In 
addition, in most comets, ionised atoms and molecules are swept 
by the solar wind into the familiar cometary tail. In this ion tail 
the spectrum from CO” is usually the most prominent 
component. Ions liberated by comets could be a direct source of 
material for stages (2) and (3) above. Further, atoms and mole- 
cules from the coma might be an alternative source of neutral 
particles for stages (1) to (3) above. The presence of molecules in 
this cometary debris leads us to an interesting possibility. These 
molecules might also be present in the anomalous component, as 
in many cases their lifetimes for further ionisation or dis- 
sociation have values comparable to those of atomic ions. A 
cometary source of material would have the following features. 

First, the total amount of H,O shed by short period comets is 
estimated by Delsemme’ to be ~5 10’ gs”. In addition the 
amount of more refractory material released by comets to form 
meteoroids that produce the zodiacal light and the Gegenschein 
is estimated by Whipple and Huebner’ as 1-3 x 10’ g s`’. These 
values are comparable with that coming in from the interstellar 
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Table 1 Binding energies of some abundant molecules and molecular 





ions 
Dissociation lonisation Dissociation lonisation 

energy energy energy energy 

(eV) (eV) (eV) (eV) 
Hz 4.54 15.43 H3 2.71 16.3 
CH 3.52 11.13 CH" 3.65 17.2 
C3 6.27 12.0 C3 5.53 16.8 
CN 8.01 14.3 CN* 4.96 19.5 
CO 11.20 14.01 co“ 8.45 22.1 
NH 3.27 13.10 NH” 3.77 18.3 
Na 9.88 15.58 N3 8.83 23.4 
NO 6.57 9.25 NO” 10.93 25.6 
OH 4.45 13.17 OH" 4.88 18.5 
H,O 5.17 12.6 H,0° STA 19.3 
CO, 5.51 13.77 CO; 5.35 19.0 





medium as neutral atoms, which for oxygen is estimated as 
~5x 10 gs"', by Fisk eral.”. 

Second, when first ionised the atom or molecule has a velocity 
and a component of momentum transverse to the magnetic field 
almost identical with the values possessed by the interstellar 
atoms. 

Third, the position of the maximum release of cometary 
material is in the region of 1 AU, bracketed by the mean 
distances reached by neutral He, N and O before ionisation 
(0.5-4 AU)’. 

Finally, the chemical composition of comets has several fea- 
tures in common with that of the anomalous particles. The 
detected spectra suggest that the principal components are 
degradation products of H:O. However, contributions from the 
refractory material could include a greater variety of elements, 
for example, Mg and Si, 

These points indicate that cometary material is apparently a 
good candidate for the source of at least some part of the 
anomalous component. The O/C ratio may place a constraint on 
the proportion of the anomalous component from comets, but 
cometary abundance values could well encompass the 20:1 
ratio that one has from experiments on the anomalous 
component. One would not, however, expect a significant 
helium or neon contribution from a cometary source. The 
helium flux is well established, and has an abundance a few times 
that of oxygen, but the data for neon are dubious and are based 
on a very small number of detected particles, and could have 
been produced by incident molecular ions, such as CO, rather 
than neon. The presence therefore of inert gases in significant 
amounts implies that cometary material cannot be the only 
source of the anomalous component. 

Finally, we would like to consider in further detail the possi- 
bility of molecular ions being present in the anomalous 
component. Table 1 lists some properties of appropriate mole- 
cules and molecular ions. Note that the stability of molecular 
ions against dissociation is comparable with their parent mole- 
cules, and their ionisation energy averages 1.5 times that of their 
parents. In practice the longevity of a molecular species in space 
is determined principally by whether any copiously produced 
excited states have a reasonably high dissociation probability. In 
O., for example, UV absorption in the Schumann—Runge bands 
produces dissociation, which is a mechanism of considerable 
consequence, being the first stage of ozone production in the 
atmosphere. In contrast there are no such N, states abundantly 
produced and the effective threshold for N, is ionisation. The 
longevity of certain molecules, when essentially at rest at about 
1 AU, has been estimated by Siscoe and Mukherjee" and the 
figures computed are in the range 10°s. 

As any molecular ion has one fewer weakly bound electron 
than its parent, and since its ionisation energy is ~1.5 times 
higher, its ionisation cross-section will be significantly smaller 
than that of its neutral parent. This in turn is smaller than the 
sum of the cross-sections of its atomic components. The cross- 
sections of atomic C, N, O, F and Ne are ~107'’ cm’, and that of 


H is ~3x107'* cm’, for ionisation by protons and electrons 
having 6 ~ 0.14. Thus all the molecular ion species listed in 
Table 1 will have ionisation cross-sections close to 107'’ cm? 
when moving with 8 ~ 0.14. This leads to a partial ionisation 
rate at 1 AU of ~4 107’ s™' (taking the density of solar wind as 
10cm™*), At 8 ~0.14 the charge exchange cross-section with 
H* from the solar wind is very small, while the photoionisation 
cross-section for molecular ions will be smaller (because of the 
higher ionisation energies) than that of the parent molecules 
with 8 ~ 0 that have been considered by Siscoe and Mukherjee’. 
Thus the lifetime of the fast moving molecular ions against 
break-up is hardly dependent on its velocity and remains at 
~10°s at 1 AU, increasing as the square of the distance from the 
Sun. We therefore conclude that the likely lifetime of suitable 
molecular ions, such as CO”, is adequate for a reasonable 
survival probability through the whole acceleration and 
diffusion stages proposed by Fisk et al.*. There is thus a reason- 
able chance of detectable fluxes of certain molecular ions with 
energies in the region of 10 MeV per nucleon. 
From these considerations we feel that cometary material may 
have an important role as part of the source material for the 
anomalous component and that molecular ions from such a 
cometary source may be present in the anomalous component. 
The method of particle identification used in instruments to date 
means that this last point could not be confirmed. The method 
uses two measurements, the rate of energy loss dE/dx and the 
total energy, E, For a molecule these are proportional to 3,77 
and 2,A; respectively since each component atom has the same 
incident velocity (Z; and A; are the atomic number and mass of 
the th component). Thus OH“ closely resembles O*, and CO* 
will lie between Ne“ and Na’ in the data from these detectors. 
The most clearcut way of establishing that an individual event is 
a molecular ion involves the determination of dE/dx at several 
different energies covering the whole range of a stopping parti- 
cle. For molecules consisting of different atoms, for example 
CO", the different range of each component produces a dis- 
tribution of dE/dx plotted against depth having two (or more) 
maxima. For the important case of molecules containing hy- 
drogen such as OH™ the range of the proton will often be 
sufficiently large to cause the event to be ignored unless special 
precautions are taken to recognise such events. 
Recent high precision experiments on the ISEE and Voyager 
spacecraft?'' do not seem to have sufficient range dis- 
crimination to identify a molecular ion in this way. However, the 
high precision with which dE/dx and E are measured in these 
experiments should enable these molecular ions to be recog- 
nised as a group apparently having an anomalous mass, for 
example, CO“ would appear to be **Ne and OH” would appear 
to be 770! 
If fluxes of molecular ions are reasonably high, a considerable 
number of different species could probably be detected. Their 
relative abundance would give valuable insight into processes 
associated with the injection of material and its acceleration to 
produce this particular low energy component of the cosmic 
radiation. 
P. H. FOWLER 
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Increase of X-ray reflection intensities 
and profile widths at the low- to 
high- V0; phase transition state 


An unexpected increase in peak intensity and profile half width 
has been observed in an X-ray diffraction experiment for many 
reflections from a crystal of VO, kept at its phase transition 
temperature. One explanation of the phenomena is that the 
“mosaic structure’ of the crystal is altered in the phase transition 
state, resulting in decreased extinction and increased profile 
widths. The results presented here are interesting spin off 
products of crystallographic studies of the mixed-valency oxide 
V30s. The semiconductor low-V30, transforms in a first order 
transition at 155 °C into high-V3;0;, which is a ‘poor metal’. 
The transformation is instantaneous and reversible and implies 
that an ordered distribution of V(I) and V(Iv) atoms is 
replaced by an only partially ordered distribution, the changes in 
the atomic positions being fairly small (<0.1. ). These facts are 
based on the results of accurate X-ray crystal structure deter- 
minations of the two modifications at 25 °C (ref. 2) and 185 °C 
(ref. 3) respectively. We started diffraction measurements of 
V30; at or near the phase transition temperature tyr, using the 
good temperature-control facility of the available non-ambient- 
temperature equipment’. 

We found that for many strong reflections the peak intensity 
increased drastically when the temperature passed ty in either 
direction (see Fig. 1). Note that the intensity value for any 
particular strong reflection usually differs very little between the 
two modifications. The small difference between the crystal 
structures manifests itself by the presence of many very weak 
reflections hkl with h +k +/=2n+1 in low-V3QOs (space group 
P2/c) which are all systematically absent in high-V3O, (space 
group [2/c). There is a general small decrease in the reflection 
intensities as the temperature of the crystal is increased from 
room temperature to just below ży dependent on increased 
thermal motions of the atoms. However, the relative intensity 
decrease is considerably larger for reflections hkl with h +k + 
{=2n+1 than for the rest. Therefore a (minor) continuous 
structural change of low-V,0O, with temperature should precede 
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Fig. 1 Peak intensity of reflection 020 recorded with increasing 
and decreasing temperature respectively. Hysteresis effect is 1 °C. 
A PAILRED X-ray single crystal diffractometer (inclination 
geometry) was used with MoKa radiation (graphite mono- 
chromator). The specimen crystal had an approximately cubic 
shape, the edge being about 0.17 mm. It was heated by hot nitrogen 
gas blown directly on to the crystal. The delivery and heating of the 
gas, and the temperature control were accomplished by a specially 
developed device’. 
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the discontinuous change at tr. Thus, the difference around tr 
between the two modifications of VO, is probably even smaller 
than stated above. 

The unit cell dimensions of low-V,0,; at 25°C are? a= 
9.859(1), b = 5.0416(5), c=6.991(1) A and B = 109.478(6)°. 
The changes from low-V,0; at 150°C to high-V30; at 160°C 
are’ Aa ~ ~—0.13%, Ab -0.18% and Ac 0.13%. The close 
similarity between the unit cell dimensions of the two phases 
made the positions of the reflections, especially the low-angle 
ones, shift very little in crystal rotation angle w at the transition, 
which was important for the initial observation of the effect. 

One explanation of the phenomenon ts that the rearrange- 
ment disorder in the transition state reduces the degree of 
perfection of the crystal with decreased extinction as one result. 
To test this hypothesis, many reflections with severe extinction 
in different directions of the reciprocal space were investigated. 
The intensity increase at tr was always observed, at least for 
y<0.9, y being the secondary extinction correction factor 
calculated according to Zachariasen’, and y = Iovs/ {eorr Where I 
is the integrated intensity. Table 1 presents some of the studied 
reflections. 

Although some of the strongest reflection intensities could be 
expected to suffer from counting losses no corrections were 





Table 1 Secondary extinction correction (SEC), peak intensity and peak width: 
A comparison between low-V,0,(L) at 153°C, transition-state-V,0,(T) and 
high-V,0,(H) at 156°C. For each reflection Aki first row means L, second T and 


third H 

Mean 

Peak increase 

width (4) in peak 

i Peak at half width 

y= obs. intensity peak {AA}, 

h k J >f®) Yi’) | as (ep.s) intensity (°) at ¢,(°) 
22,300 0.344 

2 0 0 0.0 8.8 41,700 0.390 1.045 
0.32 22,100 0.345 
7,200 0.339 

6 0 O 0.0 26.5 10,600 0.373 0.032 
0.60 6,700 0.342 
7,700 0.344 

§ 0 @ 0.6 35.6 12,760 0.377 0.034 
0.54 7,300 0.342 
1,440 0.440 

i6 6 0 0.0 75.6 1,790 0.481 0.040 
0.80 1,420 0.443 
24,800 0.339 

0 2 ð 0.0 16.2 51,800 0.388 0.048 
0.27 22,000 0,342 
8,700 0.347 

0 4 0 0.0 32.8 16,480 0.362 0.013 
0.54 8,600 0.352 
6,600 0.362 

? 6 O 0.0 50.1 16,900 0.398 6.034 
0.59 5,800 0.366 
1,760 0.408 

0 R O 0.0 68.8 2,110 0.474 0.063 
0.83 1,580 .4i4 
49,000 0.599 

0 0 2 5.8 4.1 84,000 0.728 6.133 
0.23 48,800 0,590 
41,400 0.612 

~f 1 4 11.7 9.1 66,900 O.878 0.269 
0.26 41,000 0.607 
7,880 1.322 

~2 0 6 17.7 3.8 10,000 1.787 0.468 
0.77 7,700 1.316 
1,920 0.652 

0 0 10 30.5 24.2 2,200 0.843 0.197 
0,87 1,840 0.641 


v is the inclination angle of the detector axis, Y the angle between the detector axis 
and a horizontal plane containing the primary beam and the crystal rotation axis 
(//{001)}). The y-values actually refer to H but should be almost identical for L. 
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Fig. 2 Intensity profiles (w-scan) for reflection —114 observed 
below (L) and above (H) ży and constructed at (T) tr from point 
observations (+). Experimental conditions as in Fig. 1. 


applied. However, this would mean that the real effect in these 
cases was even larger than the one observed. 

If the crystal perfection is decreased in the phase transition 
state one should also observe a broadening of the width of the 
integrated intensity profile. Accordingly, comparative 
measurements of the half widths of these profiles for the 
reflections included in Table 1 were made just below tr, at f; as 
well as just above it. The measurements at the phase transition 
temperature were difficult to perform, and the time available for 
each of them usually was between 5 and 10s. However, as the 
actual reflections had strong intensities, using the pen recorder 
as the intensity indicator was successful. In all cases investigated, 
the reflection profile more or less broadened at ty (see Fig. 2 and 
Table 1). This quantity is a multiple convolution of a number of 
experimental components of which all but one or possibly two 
crystal mosaicity components, isotropy being assumed, should 
be fairly constant for each reflection at and around tr. An 
attempt will be made to correlate the observed half width 
increases at fy with the theoretical expressions for the mosaic 
angle distribution half width and the mosaic particle size 
component half width, which have both been derived by Ito’. 
However, a deconvolution analysis is necessary for this which is 
still in progress. 

Similar effects of other comparable phase transitions do not 
seem to have been discussed previously. However, the transient 
intensity increase of a strong reflection at the a- to B-quartz 


transition which is shown in ref. 9 may be another example. 
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Measurement of the neutron 
spectra from beam-heated PLT plasmas 


MEASUREMENTS of the neutron spectra from the PLT 
tokamak plasma are reported here which provide information 
on the centre-of-mass velocity of the reacting deuteron pairs. 
The observation in PLT of no significant directed velocity yields 
additional evidence that the neuterons are produced by a ther- 
monuclear process. Previous spectral measurements on other 
fusion devices have often determined that the neutron emission 
was non-thermonuclear and resulted from a small ‘tail’ 
component of energetic ions'~*. The neutron spectra indicated a 
directed velocity of the reacting deuterons and thus non-ther- 
monuclear neutron emission if the injected neutral beam ions 
were deuterium. In this condition, the neutron spectra were 
consistent with the expected beam-induced d(d,n) *He reac- 
tions. However, if the heating beam used hydrogen, then the 
neutron spectra are consistent with a thermonuclear neutron 
emission resulting from the beam heating of the bulk deuterons 
in the plasma. 

The importance of a thermonuclear neutron emission is that it 
allows the neutron emission measurement to be used to deduce 
ion temperature*. The ion temperature deduced by the magni- 
tude of the neutron emission has been consistent with other PLT 
ion temperature diagnostic’ such as charge exchange spectral 
observations. Although the charge exchange spectrum indicated 
a maxwellian ion population up to 67,, the observation had been 
made only perpendicularly to the direction of the tangential 
neutral beam injection. Thus, we use the neutron spectral 
measurements to provide information on the plasma ion popu- 
lation in the direction parallel to the neutral beam injection 
where non-thermonuclear emission might be induced by the 
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presence of trace amounts of deuterium in the hydrogen beams 
or by momentum transfer from the beams to the background 
plasma. To observe such asymmetries, a neutron spectrometer 
was collimated (Fig. 1) to look towards co-injected ions and 
comparisons were made between co-only injection and counter- 
only injection. In this manner, any non-thermonuclear emission 
induced by the beams would be observed from the shift of the 
mean neutron energy caused by the directed centre-of-mass 
velocity of the reacting deuteron pairs. Thus, the PLT neutron 
spectra experiment was carried out in the manner of the classic 
neutron spectra experiments on Zeta’. All the PLT spectra have 
about as many counts as in those Zeta spectra, although for PLT 
the spectra were obtained with time resolution and with higher 
energy resolution. 

The PLT tokamak’, and its operation’ with neutral beams 
have been described elsewhere. For these experiments, the 
plasma had a minor radius of 0.40 m as defined by carbon 
limiters, a major radius of 1.34 m, a toroidal magnetic field of 
3.2 T, a plasma current of 0.4 MA, and titanium gettered 
vacuum walls. Four tangential neutral beams which can collec- 
tively deliver up to 2.5 MW of power to the plasma were used. 
Two of the beams (co) were directed parallel to the plasma 
current, and two (counter) were directed antiparallel to the 
plasma current. 

About 200 discharges were run with hydrogen neutral beam 
injection into a deuterium plasma (H°>D*) and about 15 
discharges were run with deuterium neutral beam injection into 
a deuterium plasma (D° > D*). In each set of discharges, the 
co-injectors were used early in the discharge and the counter- 
injectors were applied later in the same discharge after the 
co-injectors were turned off and the neutron emission from 
them had decayed. The neutron emission (Fig. 2) was about 
7x 10'° ns"! during the hydrogen injection (H? > D*) and about 
10'*ns”' during the deuterium injection (D°»D*). For the 
D°-» D* cases, only one beam at reduced voltage was used to 
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Fig.1 The *He ionisation chamber is surrounded by two inches of lead to reduce X-ray induced counts and is collimated by a 7-ton paraffin plus 
Li CO, neutron collimator to view tangentially to the PLT minor axis. 
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the recorded neutron spectra and should introduce low energy > 
neutrons into the spectra. | ab 

The *He ionisation chamber” collects the charge produced 
by the proton and triton in the *He (n,p)t reaction. The detector 
saturates at total count rates of about 10° c.p.s., but even near 
saturation, only a few c.p.s. are recorded in the region near 
2.5 MeV. For each *He (n,p)t count near 2.5 MeV, there are 
many more *He recoil counts, and *He (n,p)t counts for scat- 
tered neutrons which have reached epithermal energies (spec- 
trum in Fig. 1). The absolute energy scale was derived from the 
Q of the “He reaction (0.76 MeV) and the linear response of the 
spectrometer. This procedure could result in the energy scale of 
the set of spectra being in error by +0.05 MeV in the region near 
2.9 MeV. The spectrometer was calibrated using accelerator 
induced mono-energetic neutrons and has an energy resolution 
of about 0.055 MeV FWHM, or standard deviation of a single 
count. The ability of the spectrometer to determine relative 
mean energies should be limited only by statistics. 

The D°+D* spectra (Fig. 3) indicate an energy shift of 
0.26 MeV between co-only and counter-only injection, es- 
tablishing the ability of the “He detector to make noticeable 
neutron energy shift measurements in the PLT conditions. Each 
of these D°-»> D* spectra can be reasonably explained by the 
expected beam-induced reactions between the energetic 
injected ions and the background thermal ions. The PLT D°> 
D“ spectra were compared to Z.q = 5, T,= 1.5 keV Monte Carlo 


Neutrons s~? 


10 





Mies A 
0 0.2 0.4 0.6 0.8 1.0 
Time (s) 


Fig. 2 The neutron emission during (a) D° > D* (about 0.3 MW 
in each direction) and (b) H? + D* (about 0.9 MW in each direc- 
tion). The detector counting intervals were made to coincide with 
A, co-only injection; and B, counter-only injection. The ion 
temperature deduced from the magnitude of the neutron emission 
(H? + D*) is about 2 keV. 

2.0 2.2 2.4 2.6 2.8 3.0 
keep the neutron emission low and thus prevent the neutron 
spectrometer from saturating. 

The neutron spectra were recorded by a *He ionisation 
chamber (Fig. 1) and the counts were recorded separately for $ 
two different time zones during the discharge. The first time | 
zone encompassed and recorded the co-only injection. The 
second time zone encompassed and recorded the counter-only 
injection. The early and end stages of the discharge were 
excluded to remove any possibility of X-ray noise induced by 
runaway electrons. All the discharges reported here were quite 
free of runaway electrons. : 

The neutron collimator, which is similar to one used by 
Glasgow et al.®, is composed of equal weights of paraffin and 
Li,CO, to a linear dimension of about nine absorption lengths 
for 2.5 MeV neutrons. The paraffin thermalises the neutrons 
incident on the collimator from directions other than the obser- 
vation volume, and the °Li in the natural lithium of the Li Co, 
non-radiatively absorbs the thermal neutrons, Tests of the 
collimator with the observation window plugged, indicate that 
<10 of the total spectrometer counts occur from neutrons 


Neutron counts 
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incident on the *He detector from unobserved regions. The N av (MeV 
complex PLT geometry (Fig. 1) enables many neutron scattering PUTON a SE 
centres to be within the line of sight, such as the massive copper Fig. 3 The measured D°+D* neutron spectra. The counter- 
coils, diagnostic equipment, and the concrete wall on the far side injection voltage was 30kV (a). The co-injection voltage was 


of PLT. These scattering centres have an unknown influence on 26 kV (b). 
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Neutron counts 
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Fig. 4 The measured H? D* neutron spectra including all the 
co-only and counter-only counts. 


code predictions'' for the collimated neutron spectra (Fig. 3). 
The co-injection case indicated a 60% y” probability of being 
produced by beam-induced reactions while the counter- 
injection case indicated a 55% y” probability of being produced 
by beam-induced reactions. The y? test was performed only for 
that part of the calculated spectrum which was >10% of the 
peak. 

The H° > D* spectra indicate no statistically significant energy 
shift between the co-only and counter-only injection cases, as is 
expected for thermonuclear neutron emission. The predicted 
mean energy should be 2.45 MeV, while experimentally, the 11 
co-only counts have a mean energy of 2.41+0.02 MeV and the 
19 counter-only counts have a mean energy of 2.42+0.01 MeV. 
The downward energy shift from 2.45 MeV probably results 
from the energy scale calibration. The expected line width 
should be 0.12 MeV for the 2 keV ion temperature plasma 
measured by a detector with 0.055 MeV resolution. Adding all 
the experimental H? > D* counts together to improve the statis- 
tics (Fig. 4) results in a line width of 0.13 MeV. The observed 
H > D* neutron spectrum indicated a 50% y’ probability of 
being produced by thermonuclear reactions. One degree of 
freedom was used in the y’ test to normalise the mean of the 
spectra and the fit was applied only for that part of the calculated 
spectrum >10% of the peak. 

In conclusion, no measurable centre-of-mass velocity of the 
reacting deuteron pairs was induced by hydrogen neutral beam 
injection, Furthermore, the shape of the experimental neutron 
emission line was consistent with a thermonuclear neutron 
emission at the ion temperature predicted by the magnitude of 
the neutron emission. These two observations are consistent 
with a thermonuclear origin of the PLT neutrons during hy- 
drogen neutral beam heating of a deuterium plasma. 

We thank J. Boychuk, W. Mycock, M. Perron and the PLT 
crew for experimental help. The neutron spectrometer was 
tested at RTNSI with the help of D. Slaughter. This work was 
supported by the US Department of Energy, Contract no. 
EY-76-C-02-3073. L.S. is from Exxon Nuclear Co. and R. S. 
from Westinghouse Corporation. 
J. D. STRACHAN G. SCHILLING 
P. COLESTOCK L. STEWART 
H. EUBANK W. STODIEK 


R. STOOKSBERRY 
K. M. YOUNG 


L. GRISHAM 
J. HOVEY 


Plasma Physics Laboratory, 
Princeton University, 
Princeton, New Jersey 08544 


0028-0836/79/0279—0628$01.00 


Nature Vol. 279 14 June 1979 


Received 23 February, accepted 4 May 1979. 


Rose, B., Taylor, A. E. & Wild, E. Nature 181, 1630-1632 (1958). 

. Combe, R. A. & Ward, B. A. Plasma Phys. §, 273-283 (1963). 

. Pecorella, F. et al. Phys. Fluids 20, 675-682 (1977), 

Artsimovich, L. A. et al, Sov, Phys. JETP 34, 306-309 (1972). 

Eubank, H. et al. Plasma Physics and Controlled Nuclear Fusion Research (paper IAEA- 
CN-37-C-3, Innsbruck, 1978). 

Brusati, M. et al. Nucl. Fus. 18, 1205-1216 (1978). 

Grove, D. et al. Plasma Physics and Comtrolled Nuclear Fusion Research 1, 21-31 (1977). 

. Glasgow, D. et al. Nucl. Instrum. Meth. 114, 521-534 {1974}. 

, Cuttler, J. M., Shalev, S. & Dagan, Y. Trans. Am. nuci. Soc. 12, 63 (1969). 

Franz, H. et al. Nucl. Instrum. Meth. 144, 253 {1977}. 

. Towner, H. H. & Jassby, D. L. Trans. Am. nuci Sec, 22, 74-75 (1975). 


Ae ON pet 


mS Omg 


pe punt 








Deposition and accumulation 
of plutonium isotopes in Antarctica 


DATA on the deposition of plutonium isotopes are presented 
here from the atmosphere at Dome C (123°10'E, 74°39' S; 
3,214 m elevation) on the high Antarctic plateau. Plutonium 
isotopes are among the anthropogenic chemicals that have 
become global contaminants’~ and it is, therefore, important to 
gain a historical perspective to their worldwide dispersion. The 
analysis of successive layers of permanent snow fields permits 
the determination of both present and historical fluxes of 
anthropogenic chemicals and other contaminants that are dis- 
persed through the atmosphere**. Dome C is an ideal site for 
such studies: annual precipitation at Dome C is of the order of 
3.7g H,Ocm”™ (ref. 7), considerably lower than the mean 
annual deposition of 15.5g H2Ocm™ over the entire 
continent”. The mean annual temperature is —53.5 °C’, with 
summer temperatures remaining well below freezing, preclud- 
ing vertical percolation through successive layers and reducing 
potential losses from volatilisation. 

A 5 m pit was dug at Dome C in January 1977. Snow in layers 
of approximately 10cm was sampled and the meltwater was 
transferred into 20-1, polyethylene cubitainers. They were then 
acidified, equilibrated, and the isotopes subsequently co-pre- 
cipitated with aluminium phosphate following the technique of 
Koide and Bruland’. Each sample consisted of a total of 100 
litres. The precipitates in the original cubitainers were returned 
to the US. They were dissolved in 9 M HC] and the Pu isotopes 
isolated following the procedures of Talvitie’? and Wong.’ An 
aliquot was removed for *'°Po determination’. Samples were 
counted within 2 weeks after separation by a spectrometry; 
*°8Po and **?Pu were used as yield tracers. 

Figure 1 shows the activities of 7°°***°Pu and 7**Pu versus 
depth of snow. Assignment of the 1955 time horizon to 214 cm, 
at the beginning of the rise in **°Pu activity, was based on 
previous work at Dome C by Lorius’ and studies undertaken 
elsewhere in Antarctica’? which have shown a sharp increase 
in "Sr and gross 8 activity in strata deposited in early 1955. This 
assignment is consistent with our 7'°Pb results. Assuming 
constant sedimentation for the depth interval, 0-250 cm, *)°Pb 
activity at any depth z, A,, can be expressed by A,= 
Ao exp(—8z). Our data yielded an Ay of 142 d.p.m. per 100 
litres and a B of —0.00308 cm™', where r = 0.90 for the best-fit 
curve. Thus, a time interval of 21.2 +2.4 yr (1o) to this 214 cm 
depth was calculated. Our assignment of the 1965. time horizon 
interval was derived by interpolation and estimates of maximum 
error due to compaction)». 

The profile of *°°***°Pu deposition (Fig. 1a) is unlike the 
profile observed in Greenland” in that the majority of the total 
fallout occurred before 1960, whereas in Greenland the greater 
portion of the deposition occurred after 1960. Significant quan- 
tities of °*’***°Pu began to appear in the snow layer correspond- 
ing to the estimated date of 1955. The ensuing peak’s size and 
timing suggest that a significant portion of the *°°**“°Pu could 
have been contributed by the US Castle test, Bravo, on 28 
February 1954, at Bikini (165° E, 11° N). This 15 megatonne 
detonation derived a major portion of its energy from the 
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fusion-induced fission of ***U (ref. 16). Large quantities of 7°Pu 
were probably produced from ***U by neutron capture. Previous 
studies'*"'* have shown that significant stratospheric fallout 
from this test began to arrive in the Antarctic 12+2 months 
later. Further weapons tests at Bikini and Eniwetok such as the 
Hardtack series during 1958 might have contributed additional 
*%*24°Puy to this major peak. Sr attributed to these tests has 
been observed at several Antarctic sites with an arrival date of 
early 1959"°. The smaller amounts of *°°*?*°Py deposited at 
Dome C after 1960 suggest that the tests conducted in the early 
1960s, primarily in the Northern Hemisphere, resulted in a 
relatively low level of stratospheric transfer to the high latitudes 
of the Southern Hemisphere. 


Year of deposition 
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Fig.1 7°°*?*py (a) and ***Pu (b) activities at Dome C, Antarc- 
tica. Horizontal lines depict the depth of each layer sampled. 
Vertical lines within each sample represent the uncertainty due to 
counting statistics (10). Plutonium sample counting times ranged 
from 2 to 9d. The minimum detectable amount of 7°*Pu and 
239+240Pu was found to be of the order of 0.03 d.p.m. per 100 litres. 
Samples for the depth intervals, 11.9-23.9 cm, 48.0-59.9 cm, and 
71.9-83.8 cm were not obtained. 






Figure 1b shows the snow record of 73*Pu at Dome C. The 
April 1964 burnup of a satellite (SNAP-9A) containing 17 kCi 
of **Pu in the Southern stratosphere’ is recorded as a rapid 
activity increase in the 1965-66 stratum. The deposition of Pu 
closely parallels the changes in the stratospheric inventory of 
SNAP ***Pu over the period 1964—69 as shown by Harley”, The 
activity ratio of ***Pu/*°***°Pu also rises sharply, reaching a 
maximum of 150% in the layer assigned to approximately 1967 
(the stratum following the peak activity). Harley" reported 
comparable high activity ratios in Southern Hemisphere surface 
air samples in 1967 and 1968. 

During the period of peak fallout of 7°°***°Pu (1955-59), 
levels of ***Pu activity were markedly low (Pu values of 
0.104 0.02 and 0.12+0.03 d.p.m. per 100 litres compared to 
the respective *°°*?*°Pu values of 56.2+1.3 and 28.4+ 
1.2dp.m. per 100 litres). Harley?” suggested that a 
**SPu/*??*?*°Pu ratio of 3% might be representative of weapons 
fallout. If this was the case, then a significant 7**Pu peak should 
have been associated with the maximum fallout of 7°°*?4°Py. 
However, this was not observed, and in fact, the activity ratio 
was of the order of 0.3%, an order of magnitude lower. Harley” 
pointed out that the value of 3% was not well established since 
good a spectrometry was not available on their samples before 
SNAP-9A. Thus, this ratio may be doubtful as a widely applic- 
able value. This discrepancy warrants further investigation. 

To calculate the fluxes of *°°***°Pu and of Pu, a mean 
density of 0.352 g cm, derived from the data of Lorius” was 
used. The flux of *°°***°Pu was calculated by integrating over the 
depth interval 0-222.5cm. This value was found to be 
90.4 d.p.m. m°, while the peak of 19.2 d.p.m. m°? yr7! oc- 
curred during 1956-57. Similarly, after decay correction the flux 
of ***Pu was determined to be 14.4 d.p.m. m~?. The peak flux of 
3.22 d.p.m. m° yr™ occurred around 1965-66. Hardy et al.’ 
using soil data have estimated cumulative worldwide fallout of 
plutonium isotopes as a function of latitude. Their estimates for 
70-80° S, based on extrapolation from Southern Hemisphere 
samples, were 0.03+0.01 mCi km” of 7°°***°Py and 0.008+ 
0.005 mCi km™” of ***Pu derived from SNAP-9A. Our results 
provide corresponding values of 0.04 and 0.006, respectively, in 
good agreement with the estimates cited above. 

The profiles of Fig. 1 suggest that almost all of the plutonium 
isotopes injected into the atmosphere have now been removed. 
The activities of both *°***°Pu and ***Pu deposited during 1976 
at Dome C were only 1.4% of the activities deposited during the 
respective periods of maximum fallout. 
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Climate and thermodynamic 
systems of maximum dissipation 


THE Earth-atmosphere is a classic example of a closed, dis- 
sipative and nonlinear thermodynamic system which is subject 
to both regular and irregular impulses causing significant depar- 
ture from steady state. It is closed because it exchanges energy 
(solar and thermal radiant energy) but not mass with its 
environment. It is dissipative because the net input of radiant 
energy occurs mainly in regions of high temperature towards the 
Equator and the net output occurs mainly in regions of low 
temperature towards the poles. It is nonlinear basically because 
of the multiplicity of internal feedbacks and because of the 
importance of advective processes. It has steady-state character 
in the sense that the annual mean radiant energy input is very 
close to the annual mean output, and parameters such as the 
annual mean temperature do not vary significantly from one 
period to another. The regular seasonal variation in solar posi- 
tion ensures significant departure from the steady state so 
defined, and there are also significant irregular departures aris- 
ing (for instance) from variations of solar input and IR output 
caused by variations in the amount and distribution of cloud. 
Recently I have shown’ that the overall Earth-atmosphere 
climate system seems to have adopted a format whereby the 
total thermodynamic dissipation associated with the horizontal 
energy flows in the atmosphere and ocean is a maximum. 
‘Format’ in this context refers to the annual average geographic 
distribution of cloud, surface temperature and the horizontal 
energy flows. The practical significance of this is that, if one 
could accept it as a general principle governing climate 
behaviour, one could use it directly as a means of a priori 
prediction of climate and climate change without needing 
detailed analysis of the internal workings of the system. I could 
not explain previously why the Earth-atmosphere system 
should be so constrained. This note points out that the Earth- 
atmosphere has characteristics such that it might be expected to 
obey such a constraint. Furthermore, these characteristics are 
sufficiently general that the same principle of selection of steady- 
state mode of maximum dissipation may apply to a broad class of 
non-linear systems. 

A fair thermodynamic representation of the global climate 
system is as depicted by the solid lines in Fig. 1. There is an input 
of solar energy J, most of which is converted directly into various 
forms of internal energy JE and is returned to space in the form 
of thermal IR radiation. Some of the input appears as available 
potential energy P, is converted to kinetic energy K, and is in 
turn dissipated by friction into internal energy before being 
radiated back to space. At steady state the rates of creation of 





Fig. 1 The total Earth-atmosphere system of: energy transfers 
(thin solid lines); reservoirs of internal, available potential, and 
kinetic energy (IE, P and K respectively); feedback controls from 
kinetic energy (dashed lines); and an indication of the non-linearity 
of the rate of potential energy conversion (dashed diode symbol). 
Adequate data are not yet available for the oceanic part of the total 
system, but for the atmospheric component the annual average 
quasi-steady state values are: ()=i)=i;72.33W m“; K= 
1.5x 10° J m? with the ratio P: K ~ 10:1 (refs 2, 7). 
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available potential energy, conversion of available potential to 
kinetic energy and the dissipation of kinetic energy (/,, i2 and í; 
respectively) are equal. 

The dashed components of Fig. 1 concern two characteristics 
of importance to the present argument. First, there are feed- 
backs such that both the rate of energy input U/ or /,) and the rate 
of dissipation /, are functions of, or can in principle be related to, 
the total kinetic energy. (One of the prime controls on the rate of 
energy input is, for instance, cloud cover; and cloud cover is a 
complex function of the amount and distribution of the large and 
small-scale motions of the atmosphere and ocean, of quantities 
which determine the motion, or of quantities which are deter- 
mined by the motion.) Second, the rate of conversion i, of 
potential to kinetic energy is a highly non-linear and increasing 
function of potential energy. Some examinations of the process 
effectively envisage an i =(P — PY relation where P, is some 
critical value of potential energy below which the rate of con- 
version is very small* and n > 1. 

Let 7, and /; be functions of kinetic energy as in Fig. 2. The 
actual shape of the curves is irrelevant. The important charac- 
teristics are: (1) There is the possibility of a number (and in the 
case of the Earth—atmosphere system, a large number) of steady 
state positions where the rate of energy input equals the rate of 
output (that is i; =i); and (2) the dissipation rate i; is an 
increasing function of kinetic energy. 

The real system is sufficiently complex in its detailed inter- 
actions for there to be considerable natural variability in, for 
instance, cloud cover and the rate of energy input. Therefore 
there is variability about whatever is the steady state determined 
by the current average value of K. The extent and character of 
this variability is unknown even for the quasi-steady state which 
the Earth-atmosphere system presently occupies. However, 
consider at some stage that the system was in one of the 
mid-range stable regimes (A of Fig. 2 say). The input J or j; will 
be subject to natural variability which may or may not be 
random and is not necessarily a function of K, but may 
occasionally be large enough to boost the system to another 
stable regime. If the variability is random, presumably an 
impulse of +AQ in i is as likely to occur as an impulse of -AQ, 
and in the absence of other information the system is as likely to 
change to a new steady state of lower average K as to one of 
higher average K. 

However, the non-linearity of the conversion of P to K 
ensures that for large values of AQ (short term changes of /, 
away from its steady state value where they are not necessarily 
an immediate function of K) 


AK" AK 
AQ -AQ 


That is, a positive impulse AQ in j, is more likely to change the 
system to a steady state of higher average K (and dissipation) 
than is a negative impulse in /, likely to change the system to a 
steady state of lower average K. This is obvious (see legend to 
Fig. 2) but is not easy to prove in a rigorous manner. A complete 
analysis would require a fairly sophisticated application of 
control theory. (It would require knowledge of the exact form of 
the random (?) impulses, and some specific knowledge of at least 
the statistical distribution of steady states as a function of K. 
Such information is not yet available for the Earth-atmosphere 
system.) Suffice it to say that first order treatment leads to the 
relationship 


AK* AK™ be E 
D e Dee m e (2) 





(1) 


where, if Ar is the short time period over which the impulse is 
applied and a is the average slope of the 7; versus K relationship 
and AP or —AP are the net responses in available potential 
energy to AQ or —AQ respectively, then 


b= sAr/(1 +$aAt); C =}Af; Z = Ai (AP); 
and ¢ = Ai,/AP— Ai,/(—AP. 
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Fig. 2 a, The functions relating average rate of energy input i 
and the rate of dissipation i; to the average total kinetic energy K. 
The circled points are possible stable steady states. The uncircled 
points where i, =i, are unstable steady states because of the 
positive feedback associated with slight displacements of K. The 
hatched area roughly indicates the extent of the stable regime 
about one such steady state A (that is between the adjacent 
unstable steady states). The central quesion is why short-term 
random variability of i; about the average value determined by K 
should (if the impulses are large enough) preferentially boost the 
system to steady states of higher average K and ultimately to 
maximum i4 or dissipation. The basic reason for the system under 
discussion is super-linearity in the rate of conversion i, of available 
potential energy P (see b). Sub-linearity would tend to ensure 
movement to steady states of lower average K. The intuitive 
argument (see text) is as follows: +AQ on i; ~ growth of P > much 
increased i; > large growth of K. ~AQ oni, ~ decay of P > slightly 
decreased i — slight decay of K. 


Note that the changes Ai, in Z and e refer to the result of 
changes AP and —AP away from the steady state value of P. 
Thus, if one accepts AK*/AQ—-AK~/(~AQ) as a measure of 
the ‘strength’ S of the tendency under random forcing to move 
to steady states of higher dissipation, then large § is ensured 
among other things by greater positive non-linearity e in the rate 
of conversion of potential to kinetic energy. It is ensured also by 
smaller slope of the i, versus K relation. 

Provided (1) The rate of conversion of P to K is a super-linear 
increasing function of P; (2) the rate of dissipation is an increas- 
ing function of K; (3) the system has several possible stable 
steady states; and (4) there is random variability in the rate of 
energy input which is, or was at some time, of sufficient magni- 
tude to boost the system from one steady state to another, then it 
can be expected that the system will ultimately occupy that 
steady-state regime which has maximum dissipation. As far as 
the Earth-atmosphere is concerned all the conditions are 
acceptable, but are difficult to prove absolutely. In particular, it 
has yet to be proved that the dynamical constraints on atmos- 
pheric and oceanic motions allow the existence of more than one 
of the steady states otherwise allowable on energy balance 
considerations alone. Furthermore, the possibility must be 
considered that the distribution of possible steady states as a 
function of average kinetic energy is so extraordinary that the 
mechanism envisaged here is effectively negated. 

Note that ‘random variability of input’ can be occasioned by 
processes internal to the system. It is not necessary to assume 
changes in some external parameter such as the solar constant. 

In general terms the above limitations are sufficiently broad 
and non-restrictive to suggest that the overall concept may be 
applicable to a large class of non-linear thermodynamic systems 
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where there is ‘series’ conversion of energy from one form to > 
another. In the Earth~atmosphere example, the non-linearity of 
the conversion of P to K is particularly obvious (e of equation 
(2) is large) and presumably once the system is in its ultimate 
format there is no tendency to return to a regime of lower 
dissipation. However, one can imagine systems where the non- 
linearity is weak and the ultimate behaviour would be no more 
than a tendency to spend more time in regimes of higher 
dissipation. Similarly a system of strongly sub-linear energy 
conversion (negative e) would be expected to move towards the 
stable steady state of minimum dissipation. 

The Earth~atmosphere example effectively involves a ‘series’ 
system of energy conversions, and the state of maximum dis- 
sipation is also the state of maximum rate of energy transfer—a 
condition which has been the focus of several investigations in 
this and other branches of fluid mechanics*”. 
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Is there any scientific 
explanation of the paranormal? 


THE apparent impossibility of the occurrence of ‘paranormal’ 
phenomena has not discouraged their extensive investigation, 
although there has not been any uniformly accepted validation 
or explanation by the scientific community. To clarify exactly 
how difficult ESP phenomena are to explain, it is necessary to 
place them in the framework of modern science. Explanations of 
the phenomena have been brought forward which have been 
claimed to make them more respectable. These explanations 
must also be looked at from the point of view of modern science 
and this paper is devoted to that task. In particular we wish to 
indicate that on theoretical grounds the only scientifically feasi- 
ble explanation could be electromagnetism (EM) involving 
suitably strong EM fields. Thus we regard that this paper 
completes our earlier work' where we presented experimental 
results giving the level of the EM signals emitted by subjects 
when engaged in supposedly paranormal activity. These EM 
levels were many orders of magnitude lower than the ones we 
calculate here as needed to achieve paranormal effects. Taken 
together the two papers are a strong argument against the 
validity of the paranormal. 

We will start our analysis by applying a criterion to which 
psychic phenomena and its explanations must conform, that of 
the conservation of energy (stemming as it does from the 
underlying symmetry of the forces of nature). 

From energy conservation we may roughly assess the amount 
of energy transfer required to achieve a particular paranormal — z 
effect and hence assess its feasibility. The energies associated 
with reincarnation and precognition cannot be assessed at all; 
that for materialisation is expected to be of the order of mega- 
joules if reasonably based on the energy required to break the 
molecular bonds in one mole of a normal material 
(500 kJ mol™'). The energies needed for psychokinesis (PK), 
spoon-bending and poltergeists is of the order of joules, assum- 
ing that the phenomena occur by the gross effects to which they 
correspond, this being the movement or deformation of 
macroscopic objects. Finally the phenomena of dowsing, tele- 
pathy, distant-viewing, clairvoyance and faith-healing should 
need only of the orders of millijoules if it is assumed that they 
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require activation of certain portions of the brain of the subjects 
involved, though far more energy may need to be emitted by the 
source of these effects (as in telepathy or psychic healing). Only 
these latter phenomena can therefore be regarded as feasible, 
those requiring joules of energy being unlikely though faintly 
possible, whilst the first three phenomena contradict modern 
physics. 

There are a range of natural energy sources which could be 
conjectured as being utilised to achieve so-called paranormal 
effects. Cosmic rays”, nuclear beams’, neutrinos’, gravitons*” or 
other controls of gravity*” have all been suggested, though they 
all have such low power levels, survival value or high energy (by 
factors of about 107°) required for control as to be completely 
irrelevant. A fifth force of nature®’ explaining solely ESP 
phenomena would be purely ad hoc; faster-than-light particles? 
and advanced potentials’ invoked to explain precognition have 
either severe theoretical difficulties’? or failed to appear '™*. 
Higher dimensions for materialisation and precognition'*"'° 
would be ad hoc as well as destroying the renormalisation 
program in quantum field theory. 

None of the previous seven approaches suggest any 
mechanism by which human activity can bring about the desired 
paranormal phenomena. This is obviously not the case with 
theories in which the mind is independent of the body to some 
degree, such as those of Eccles"? and Popper’””’, whose 
papers appear to contain no falsifiable statements. 

Numerous attempts have been made to use the difficulties 
associated with measurements in quantum mechanics to explain 
paranormal phenomena’’**. However, there seems to be 
considerable confusion in the motivation for these attempts, 
especially as the standard statistical interpretation of quantum 
mechanics**?* has none of the claimed paradoxes. For 
paranormal effects to be explained in such a way they must 
contradict traditional quantum mechanics at some point, for 
which there is no other evidence. 

From the viewpoint of modern science, the most reasonable 
approach to explain ESP, is electromagnetism (EM). We have 
previously reported’ an extensive programme both of detection 
of EM radiation from subjects over nearly the whole spectrum 
and human body sensitivity to low-level EM radiation over a 
restricted, though very relevant, frequency range. We concluded 
that, for the subjects investigated and the phenomena associated 
with them (metal-bending, dowsing, psychic healing, telepathy 
and distant-viewing) EM cannot explain the effects. All the 
successful cases of PK' turned out to be completely explicable 
either by electrostatics or heat; we will not consider them here. 

We shall now detail how difficult, if not impossible, it is for EM 
to account for ESP phenomena other than PK in the above- 
mentioned ways. 

The human body is nearly a black body of temperature of 
310 K that otherwise emits non-black-body EM radiation over a 
restricted range of physiological frequencies (d.c. to 5~6 kHz). 
As part of its black-body activity, the body radiates heat, mainly 
in the near infrared frequencies at wavelengths of ~ 10 um, the 
power level being ~10 mW cm~’. When investigating the prob- 
lem of efficient emission of non-ionising EM radiation by the 
body in order to cause ESP effects of some kind, two crucial 
features have to be analysed: (1) spatial resolution, and (2) 
penetration depth into the body (or the emission from inside the 
body). Although the penetration depth inside the body increases 
as the frequency of the radiation decreases”°, if one allows the 
wavelength to increase beyond a certain limit the spatial resolu- 
tion becomes very poor. This may not be crucial if it is just a 
question of emitting energy in all directions and so hopefully 
producing some paranormal effect in an arbitrary direction. It is 
critical if small objects are to be viewed by the emitted energy, 
such as in dowsing for a stream a metre or so wide, or clairvoy- 
antly attempting to discern a picture a few centimetres wide on 
the face of a card. 

We need only consider the attempt to use EM radiation for 
ESP purposes from the body or elsewhere at frequencies below 
10 GHz. Above that frequency the penetration depth inside the 
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body is practically zero***’ and EM emission will be determined 
completely by surface temperature. Small changes of the latter 
by several degrees have been reported to be possible to achieve 
by practice. These can produce at most only a 1% change of the 
black-body emission from the human body and so will be useless 
to explain any of the ESP phenomena requiring joules of energy 
mentioned earlier. If we think of dowsing, telepathy or distant- 
viewing as produced by an active or passive radar method using 
the infrared emission of the body, suitably pulsed (if that were 
possible), the reflected or received signal would be many orders 
of magnitude below the known sensitivity of the skin to infrared, 
such as in cases of dowsing and clairvoyance cited above and 
others typical in the ESP literature where positive results have 
been claimed. Temperature changes, both of healer and patient, 
do occur in the faith healing situation, but do not seem to be 
related to any healing process’. Thus we conclude that skin 
emission or sensitivity cannot be relevant to ESP, and turn to 
frequencies below 10 GHz for which EM penetrates the human 
body appreciably. 

For EM of radio frequencies lower than 100 MHz spatial 
resolution is poor due to a wavelength A >3 m. This seems to 
rule out dowsing, distant-viewing and clairvoyance, due to 
inability to perceive objects smaller than 3 m across by such 
radiation. Dowsers might still detect very small static magnetic 
fields, and underground objects can be associated with local 
magnetic field anomalies of the order of 107° G. Our results’ 
showed that dowsers were unable to detect the presence of a 
magnet of ~200 G. Therefore, it seems very unlikely that this 
mechanism is involved. At the lower end of the range, energy 
radiation is not a suitable concept, and static field ideas are more 
appropriate, especially in the non-black-body region below 
5 kHz. Tests with healers’ have indicated no changes in such 
levels to within millivolts of skin potential during healing 
sessions. Thus we can exclude this frequency range for faith 
healing also. Telepathy may be conjectured to occur by 
ELF/VLF**°, especially as there is the well known Schu- 
mann resonance at 8 Hz which allows for megametre pro- 
pagation with little attenuation in the Earth~ionosphere cavity. 
However, the coupling of the human body to the long- 
wavelength radiation is especially crucial (a factor (human 
height/A)’ ~ 107 '* entering here). Kogan’s analysis” does claim 
that somewhat higher frequencies are just feasible. However, 
values for the biocurrents induced in the receiver and required 
for the successful telepathic transmission of information are at 
most 107'* A for a distance of a few metres between sender and 
receiver; for a 1-km separation this is reduced to 10°'* A. The 
possible values of biocurrents produced by activity of a group of 
nerve cells is about 10°° A, so the induced currents are at least 
10° (10°? for telepathy over 1 km) below that expected to 
noticeably bring a change of activity in a group of nerve cells. 
Even a single nerve cell, requiring at least 107° A to activate it, 
would have too low a current induced by such telepathic signals 
by a factor of 10°; as at least 10° such cells would need to be 
activated to ‘notice’ the signal, the final factor of 10° is appro- 
priate. 

The more energetic paranormal phenomena, such as move- 
ments occurring in poltergeist activity involving heavy objects, 
are also readily ruled out, specifically due to the energy transfer 
needed. For metal bending, low-frequency fields above the 
breakdown strength of air would be required to produce bend- 
ing or breaking in metal objects. For example, for a typical strip 
of metal with EM frequency of 10 kHz, power absorption by the 
metal of 1 mW would require an electric field of 10°V m™'. 

We finally turn to the more restricted frequency range of 
100 MHz to 10 GHz. There is strong evidence?” against non- 
thermal emission of radiation by the human body or even 
non-thermal effects?’ induced in the body by very low levels of 
EM radiation. The power level emitted by the human body at 
microwave frequencies of 1-5 GHz is of the order of 107'* W. 
Therefore we can immediately discard the EM explanation for 
the more highly energetic phenomena that is materialisation, 
poltergeist, metal-bending and PK (translational motion of 
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objects). Clearly these are too low in energy by a factor of 10°? at 
least and up to 10”° for materialisation. One of the less energetic 
phenomena, psychic healing, would be also down by a factor of 
10°". It only remains to be seen how EM stands as regards the 
other less energetic phenomena, such as dowsing, telepathy, 
clairvoyance and distant-viewing. Two types of mechanisms can 
be envisaged for the less energetic phenomena: an active or a 
passive radar-like type. 

Consider first site-dowsing. If we think of a dowser being able 
to detect underground water by means of an active radar-like 
mechanism, we see that radiation in the range 1-5 GHz at a 
power level of 10°'* W would be attenuated when penetrating 
through the soil, its skin depth being of a few cm. If a dowser 
used a passive radar-like mechanism, this would involve him 
sensing a cold spot (the underground stream) from an otherwise 
warmer environment at a depth, say, of 20m. Our tests’ on 
human sensitivity to low-level (1-5 mW) EM radiation in this 
frequency range indicate a lack of sensitivity by a factor of 10°°. 
The problems are even more difficult for map-dowsing because 
of the distance sometimes involved. The active radar mechanism 
can be ruled out, as the propagation distance of EM radiation of 
frequencies of 1-5 GHz is <100 km and dowsers have claimed 
map-dowsing successes up to a few thousand kilometres. The 
upper limit for round-the-world propagation of an EM signal is 
70 MHz (A = 40 m)*’, and even then at power levels at least 10'* 
times greater than those from humans. There is also the problem 
of spatial resolution, as A = 40 m and it could never account for 
the size of objects perceived (a few centimetres in some cases). 

The cases of clairvoyance (direct or remote) and distant- 
viewing” also involve the problem of the size of the object 
perceived as compared with the wavelength that could be used 
by the subject (A ~ 6-300 cm). The minimum size dmim of an 
object observable at a distance R from an aerial of the size of the 
human body using radiation limited to a maximum frequency of 
3 GHz for deep body penetration, satisfies dmin = R/40, from 
standard diffraction theory. If R ~1lm, dain = 2.5 cm, contradic- 
ting the supposed ability in ref. 34 to read symbols down to 
1/30 cm in size on a card a metre away. If R~4km, d,in.2 
100 m, contradicting the distant-viewing abilities reported in the 
SRI tests” of observations of objects only 1 cm across. 

Telepathy involves one subject (sender) transmitting encoded 
information to another. The receiver must then sense the 
incoming information, decode it and produce an output that can 
be compared with the original one sent to him. Here again, it is in 
the frequency range 1-5 GHz that this transmission would be 
most efficient. However, if we assume that the sender is using 
black-body EM radiation he is emitting in that frequency range, 
(necessarily above 10 kHz’’), the power level of the signal would 
be so low (by a factor of 10° for people 1 km apart) that it could 
never be sensed by the receiver. Our experiments have 
confirmed this by showing that human sensitivity is very poor at 
these frequencies’. 

We therefore conclude that neither EM nor any other 
scientific theory can explain any of the above mentioned ESP 
phenomena. 

In particular there is no reason to support the common claim 
that there still may be some scientific explanation which has as 
yet been undiscovered. The successful reductionist approach of 
science rules out such a possibility except by utilisation of 
energies impossible to be available to the human body by a 
factor of billions. 

We can only conclude that the existence of any of the psychic 
phenomena we have considered is very doubtful. 

E.B. thanks the Sedwood Trust for financial support. We also 
thank Dr P. C. W. Davies for helpful discussions on advanced 
potentials. 
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A pachycephalosaurid dinosaur from 
Madagascar and a 
Laurasia~-Gondwanaland 

connection in the Cretaceous 


THE discovery of a pachycephalosaurid dinosaur in the Upper 
Cretaceous of Madagascar is reported here. This finding casts 
new light on the existence of a land connection (or several such 
connections) between Laurasia and Gondwanaland sometime in 
the Lower or Mid-Cretaceous. Hitherto this family of dome- 
headed ornithischians had only been known from the Northern 
Hemisphere: from the Lower Cretaceous of England’ and the 
Upper Cretaceous of North America’ and East Asia’. 

Previously the evidence for a faunal connection between 
Laurasia and Gondwanaland during the Cretaceous was slight‘. 
The frequently cited cosmopolitan distribution of the sauropod 
dinosaur Titanosaurus is based on very incomplete and often 
plainly non-diagnostic material and it is not improbable that 
several related genera are involved. The discovery of a 
dromaeosaurid in the Upper Cretaceous of Brazil has been 
reported* but the lack of detailed information or illustrations 
makes evaluation of this record impossible. Hadrosaurine 
hadrosaurs are now known from several specimens from the 
Upper Cretaceous of Argentina“; they previously represented 
the only, and more substantial, evidence for faunal exchange 
between Laurasia and Gondwanaland sometime in the 
Cretaceous. Fragmentary tyrannosaurid remains have been 
described from the Upper Cretaceous of India” and South 
America®’. All other records of Laurasian dinosaur families 
from the Southern Hemisphere, which evolved solely within the 
Cretaceous period, are based on extremely fragmentary 
material which either lacks the diagnostic characters of the 
respective group or has been incorrectly determined’. 

The supposed presence of a ratite bird, a member of a group 
otherwise restricted to the Southern Hemisphere, in the Upper 
Cretaceous of Mongolia is very doubtful; this form has been 
described on the basis of two badly crushed and incomplete 
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Fig. 1 Majungatholus 
MNHN.MAJ 4. Partial skull; stereo-photographs in dorsal (a) and 
lateral (b) view. Scale bar, 3 cm. 


atopus, new genus and species. 


skulls'’. It is quite unlike any known palaeognathous bird'” and 
in our opinion even its avian nature is not well established”. 

The new find of a pachycephalosaurid comes from the Upper 
Cretaceous (probably Campanian) of the Majunga District in 
northwestern Madagascar. It was recently discovered by P.T. 
The specimen was collected at the beginning of this century; its 
true nature was not recognised at that time. The deposits in the 
Majunga region have yielded a rather diversified fauna of 
vertebrates”'''*, including a sauropod, a theropod and two 
teeth first referred to Stegosaurus'* but probably referable to 
some other group of ornithischians’. 


Class: Reptilia 
Order: Ornithischia 
Suborder: Ornithopoda 
Family: Pachycephalosauridae 
Majungatholus, new genus. 
Type species: Majungatholus atopus, new species. 


Derivatio nominis: The generic name is derived from the 
name of the region where the specimen was found and the Latin 
tholus, ‘dome’. 

Diagnosis: A single dome-like thickening of the frontal 
region; frontal dome thick, with highly irregular, rugose dorsal 
surface. Parietal without significant thickening, participating in a 
well developed parieto-squamosal shelf. Very large supratem- 
poral fenestrae. Olfactory portion of the braincase long; olfac- 
tory lobes ventrally enclosed by bone. 


Majungatholus atopus, new species. 


Holotype: Skull roof consisting of frontals and incomplete 
parietals and antcrior part of the braincase (Fig. 1). Muséum 
National d’Histoire Naturelle, Paris, MNHN.MAJ 4 (formerly 
in the collections of the Ecole des Mines, Paris). 
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Locality and horizon: ‘Grès de Maevarano”’*’, Upper 
Cretaceous (probably Campanian), Majunga District, north- 
western Madagascar. 

Derivatio nominis: The specific epithet is derived from the 
Greek atopos, ‘strange’ (or, in its original derivation, ‘out of 
place’—a perhaps more appropriate meaning in the present 
context). 

Diagnosis: As for the genus. 

The specimen, a detailed anatomical description of which will 
be presented elsewhere’, evidently represents a dome-headed 
dinosaur referable to the Pachycephalosauridae. Like other 
pachycephalosaurids, it differs from the Ankylosauria in show- 
ing very long olfactory stalks and thickening of the cranial roof 
bones by upgrowth of the bones rather than by fusion of dermal 
ectopic elements'*. Furthermore, in ankylosaurs the upper 
temporal fenestrae are always closed’”. 

Majungatholus represents a distinctive type of the dome- 
headed ornithischians; its single frontal dome and its very large 
upper temporal fenestrae are unique features. The earliest 
known pachycephalosaurid, Yaverlandia bitholus, from the 
Lower Cretaceous (Wealden) of the Isle of Wight’, shows some 
resemblance in having large supratemporal fenestrae and 
thickening restricted to the frontal region; it differs, however, in 
having a small dome on each frontal and in being much smaller. 
The only Upper Cretaceous pachycephalosaurid species show- 
ing a certain similarity is a flat-headed form referred to Stego- 
ceras from the Campanian of Alberta, Canada’. In this species 
the supratemporal fenestrae are large and a parieto-squamosal 
shelf is well developed; the frontals, however, are but slightly 
thickened and the species is smaller than Majungatholus atopus. 
A peculiar feature only present in Majungatholus and the two 
Laurasian species mentioned above is a median circular depres- 
sion on the postero-dorsal surface of the frontals. 

Majungatholus can be derived from a Yaverlandia-like form 
and probably represents a lineage evolving in geographical 
separation from Northern Hemisphere pachycephalosaurids. 

The presence of a pachycephalosaurid in Madagascar and of 
other ‘Laurasian’ dinosaur families in the Southern Hemisphere 
during the Late Cretaceous can be explained in two different 
ways. First, dispersal from Laurasia could be assumed as all 
these families have their greatest diversity and most primitive 
species in the Northern Hemisphere. The Tethyan sea belt 
separated the two super-continents’° during the Cretaceous but 
it was at least in part a fairly shallow epicontinental sea and 
passage routes may have become available on several occasions. 
The exact locations of some of these connections may never be 
known as many potential areas have subsequently been affected 
by Cretaceous and Tertiary orogeneses. Cox* has suggested the 
existence of a filter route in the Central American or Carribean 
region to account for the presence of a hadrosaur in Argentina. 
But it can also be argued that the existence of similar dinosaurs 
in both hemispheres is the result of vicariance events (the 
breakup of Pangea). The evidence presently available does not 
permit a choice between the two hypotheses. It is clear that 
faunal exchange by land connections between Laurasia and 
Gondwanaland was possible at least during the first half of the 
Cretaceous, possibly even at a later date. 

The photographs for Fig. 1 were prepared by A. H. Coleman 
of Harvard University. 
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Growth of host root establishes 
contact with parasitic 
angiosperm Boschniakia hookeri 


MEMBERS of the family Orobanchaceae are root parasites 
attached underground to suitable hosts. In some cases attach- 
ment is effected by special mechanisms of the parasite. For 
example, the mature seed of Orobanche, stimulated chemo- 
tropically by diffusion of compounds from the host, germinates 
and its extending radicle establishes contact with the host'?. We 
report here a previously unknown mechanism in Boschniakia 
hookeri, a perennial parasite found only on the roots of certain 
members of the Ericaceae in a narrow westerly distribution on 
the North American continent. We found that the connection of 
the parasite to the host is due ultimately to the behaviour of the 
host root, which grows through the testa of the parasite’s seed 
into contact with the embryo. 

We studied a population of B. hookeri growing in Kitsap 
County, Washington. Field observations showed that dispersal 
of the seeds depends in part on the properties of the seeds 
themselves, and in part on environmental factors. The mature 
seeds, as they are exposed in the ripe capsule, are relatively large 
(1.8+0.2 mm), non-wettable, and of low specific gravity (0.2- 
0.25). These properties result from the structure of the testa, a 
light, dry, honeycomb-like sheath surrounding the small embryo 
(about 0.4 x 0.3 mm). Thus the seeds are easily displaced and 
¢hance movements (rain drops, animal contact) release them 





Fig. 1 
Boschniakia hookeri are present, as well as young roots of Gaul- 
theria, The characteristic outer layer of deeply pitted cells of the 
testa (seed coat) makes it easy to recognise the Boschniakia seeds. 


Duff taken from below Gaultheria shallon. Many seeds of 
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Fig. 2 Branched roots of Gaultheria shallon with the root-tips 
growing through the outer testa cells towards the embryo. Material 
identical with seeds in Fig. 1. 


from the capsule. Further dispersal is probably mainly through 
natural pores in the soil, or through tunnels made by small 
mammals (such as moles and mice). Occasional underground 
hoarding of seeds by mammals may also be a factor, although of 
secondary importance. Apparently the site of germination and 
the resulting tuber is determined merely by where seed and host 
root meet. Some tubers were found just beneath the surface, 
while in other cases tubers were as much as 25 cm below the 
surface—a depth of 10-15 cm was most common. 

The embryo does not contain specialised organs? and 
apparently does not take an active part in the contact with the 
root. Connection is established by the young root-tip of the host, 
growing into and through the large outer cells of the testa (Figs 1, 
2) until it presses against the embryo of the parasite. Later, the 
tissues of the parasitic embryo and the host merge. Cell division 
of the seed results in the formation of a tuber, in which vascular 
and meristematic tissues differentiate. This process can occur 
within 2-4 months from the time when the root and seed first 
come into contact. Apparently germination is not strictly 
dependent on the season, for young tubers are found in a 
continuous series of sizes, with a very close correlation between 
their dimensions and the diameter of the host roots. 

The attraction between host root and parasite seems highly 
effective, although unexplained. For example, in germination 
experiments up to 75% of seeds placed on the roots of young 
Arctostaphylos uva-ursi were later found with the host roots 
growing into them. It is possible that the host roots are attracted 
by exudates from the embryo or testa. But as host root-tips can 
penetrate non-living organic particles (such as fragments of tree 
bark) and inorganic particles in the soil (such as artificially 
introduced Perlite, a heat-expanded volcanic glass), it may be 
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that the physical characteristics of the outer cells of the parasite’s 
testa alone result in the contact-seeking growth of the host root. 
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Human blood platelet adhesion to 
artery subendothelium is mediated 
by factor VIII-Von Willebrand 
factor bound to the subendothelium 


ONE of the early events in the haemostatic process is the 
adherence of blood platelets to collagen of the subendothelium. 
Subsequent platelet-to-platelet adhesion then leads to the 
formation of a haemostatic plug. The role of a plasma factor in 
this process was recognised after the discovery'’ that the 
prolonged bleeding time of patients with Von Willebrand dis- 
ease could be corrected by transfusion of plasma or cryo- 
precipitate. This plasma factor, then named Von Willebrand 
factor, was later identified as factor VIII (anti-haemophilic 
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factor A (ref. 3)). The current concept is that Von Willebrand 
factor and factor VIII are present in a complex, which can be 
dissociated in certain conditions. Despite this progress, little is 
yet known about the role of the factor VIII-Von Willebrand 
factor complex (factor VIII-VWF) in the haemostatic plug 
formation. Tschopp et al. showed that the Von Willebrand 
factor was required for normal adhesion of platelets to rabbit 
subendothelium in a perfusion chamber using blood from 
patients with Von Willebrand disease*. The role of factor VIII- 
VWF in platelet adhesion is also important for the development 
of atherosclerosis. In this process, adherence of platelets is 
followed by degranulation and concomitant secretion of factors 
causing intimal migration and proliferation of smooth muscle 
cells*ć. Defective adherence of platelets was shown to protect 
against experimental atherosclerosis. We present here evi- 
dence that factor VIII-VWF binds to subendothelium of human 
arteries and that subendothelium-bound factor VIII-VWF 
mediates the platelet adhesion. 

A perfusion chamber as developed by Baumgartner’ was used 
to study the effect of factor VIII-VWF on platelet adhesion to 
subendothelium, but using components of human origin only. 
Blood from healthy donors was anticoagulated with citrate. 
Platelets were washed in Krebs-Ringer solution, labelled’° with 
*'CrO, and incubated with aspirin to prevent platelet—platelet 
interaction'' (for details see Fig. 1). Factor VIII-VWF was 
isolated from human cryoprecipitate’* and labelled with ‘**I by 
the lactoperoxidase method’*. Subendothelium of human 
postmortem renal arteries after the first bifurcation was used; 
arteries with macroscopically observable atherosclerotic lesions 
were discarded. Perfusions were carried out at a shear rate 
comparable to that in arteries’* 

In the first set of experiments the specificity of the effect of 
factor VIII-VWF on the adhesion of *'Cr-platelets was studied. 
After perfusion for 5 min at 37 °C with normal plasma contain- 
ing red cells (haematocrit 40% ) and *'Cr-platelets (2.5 x 10° per 


Platelet monolayer 


Subendothelium with 
collagen fibres and 
smooth muscle cells 


Internal elastica lamina 


Media 


Fig. 1 Light microscopical picture (* 1,100) of human subendothelium after perfusion with aspirin-treated platelets. No platelet interaction 
could be detected, only a monolayer of platelets covering the subendothelium. All arteries used had subendothelial fibrosis. Fixation, embedding, 


cutting and staining was after Baumgartner’ a 


. The arteries were obtained from autopsies usually 12 h after death. They were exposed to air for a 


few minutes to remove endothelial cells completely, and the lumen was wiped with a bud probe. Finally, the lumen was rinsed with 0.2 M Tris 
buffer (pH 7.4). On light microscopical examination no endothelial cells could be detected. The reconstituted blood used for the perfusions was 
anticoagulated with 19 mmol citrate (plasma concentration). Platelet-rich plasma (PRP) was obtained from whole blood by centrifugation 
(10 min at 190g, 20 °C). To one volume of PRP one volume of a Krebs-Ringer solution (4 mM KCl, 107 mM NaCl, 20 mM NaHCO, and 2 mM 
Na,SO,) containing 19 mM citrate and 0.5% glucose (pH 5.0) was added which gave a final pH of 6.1. Platelets were spun down (10 min, 500g, 
20 °C) and resuspended in 2 ml Krebs- -Ringer solution (with citrate and glucose, pH 6.1) four times. The second time 1 Ci CrO, per ml was 
added to the resuspended platelets (about 10° per wl) and centrifugation was carried out after 20 min at 20 °C. The third time, 10 M aspirin was 
added for 15 min at 37 °C. After the fourth washing over 97% of the *'CrO, was intracellular. Platelet poor plasma (PPP) was obtained from PRP 
by centrifugation (15 min, 3,000g, 4 °C). Plasma contamination of the red cells was avoided by three washings in saline containing 2% glucose. 

The labelled platelets, PPP and the red cells were reconstituted to give 2.5 x 10° platelets per ul plasma and a red cell concentration of 
approximately 40%. The pH was adjusted to 7.3. The perfusates were incubated for 5 min at 37 AS before the perfusions were carried out. A 


peristaltic tube pump (Verder) was used for the perfusions. The average flow rate was 135 ml min 


805s 


' and the average shear rate was calculated to 


. All perfusions were carried out for 5 min at 37°C. Immediately after perfusion the system was rinsed with 40 ml 0.2 M Tris buffer 


(pH 7. 4). A segment of approximately 2.5 mm was cut from both ends of the artery. It was calculated that a 2.5-mm broad area of turbulence 


would occur where the flow met the edge of the vessel wall’® 


. The remaining part (~0.5 cm’) was used for registration of *'Cr (Trigamma 600, 


Baird Atomic). 
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Table 1 Platelet adherence to subendothelium in media with and without factor VII-VWF 


Mmeona eae a tanto ep 


Platelet no. (x105) per cm’ subendothelium (mean +s.d.) 


Normal plasma 
Haemophilia A plasma 


Without addition of factor VIUI-VWF 


28.8+8.2 (11) 
24.5+7.6 (6) 
26.2+8.7 (7) 
31.243.1 (8) 


Von Willebrand plasma* 
Plasma after cryoprecipitation? 
Human albumin solution (4.0%) 
Dextran 40.000 solution (3.3%) 





Number of perfusions in parentheses. 


~1 U factor VIH-VWF per mi 


71.5411.0 (7) 
67.2+ 5.8 (5) 


Addition of 1 U factor VIH-VWEF per ml 


73.34+8.7 (6) 
70.2+5.3 (5) 
77.5+8.0 (5) 
60.3+7.5 (5S) 


* Factor VIII coagulant activity 14%, ristocetin cofactor assay 5% and factor VIll-related antigen 7%. 
t Factor VIII coagulant activity 15%, ristocetin cofactor assay 1% and factor VIII-related antigen 15%. 


ul plasma), 70 10° platelets per cm’ subendothelium were 
detected. When normal plasma was substituted by plasma from 
patients with Von Willebrand disease or by supernatant plasma 
after cryoprecipitation, the platelet adhesion was markedly 
decreased. A similar decrease was found on substitution of 
normal plasma by solutions of human albumin or dextran, which 
indicated that no proteins other than factor VIII-VWF play a 
part in the platelet adhesion. Indeed, addition of factor VIII- 
VWF to these plasma substitutes corrected the platelet adhesion 
to the same level as obtained with normal plasma (Table 1). This 
normalisation was reached in a relatively small range (0.5-0.8 U 
per ml of factor VIII-VWF as measured in the ristocetin cofac- 
tor assay’’). 

The mechanism by which factor VIIJ-VWF promotes the 
adhesion of platelets to the subendothelium was studied in the 
following way. First, perfusions (5 min, 37 °C) were carried out 
using solutions of human albumin and factor VHI-VWF (1 U 
ml” including 10% '**I-factor VIII-VWE). These experiments 
indicated a binding of 10°* U factor VIII-VWF per cm’ sub- 
endothelium. Then, double-perfusion experiments were carried 
out to study the influence of bound factor VIII-VWF on the 
platelet adhesion. Subendothelium was perfused with human 
albumin solutions containing various amounts of '*I-factor 
VII-VWF, followed by a second perfusion with red cells and 
*'Cr-platelets in albumin solutions without factor VIII-VWF. 
Figure 2 shows the relationship between the concentration of 
factor VIII-VWF and the binding of this protein to the sub- 
endothelium (A) and the dependence of the platelet adhesion on 
the amount of factor VIJI-VWF bound (B). A nearly normal 
adhesion was obtained after binding of about 107° U factor 
VIII-VWF per cm” subendothelium (410° molecules per 
cm’). Removal of factor VIII-VWF from the subendothelium 
during the second perfusion could not be detected. It should be 
mentioned that even complete desorption would yield a negli- 
gible concentration of factor VIII-V WF in the second perfusate. 

From these experiments, carried out with human components 
in conditions which mimic the in vivo situation after vessel wall 
injury, we conclude (1) that for normal adhesion factor VIII- 
VWF is the only plasma protein necessary, and (2) that factor 
VIII-VWF bound to subendothelium is a highly effective 
inducer of platelet adhesion. 

The results strongly suggest that binding of factor VIJI~VWF 
to subendothelium is an important step in the first phase of the 
haemostatic plug formation. This is supported by ultrastructural 
studies of haemostatic plugs in Von Willebrand patients'*!° 
showing a disturbed adherence of platelets to the vessel lips and 
the presence of free platelet aggregates in the wounds. The effect 
of factor VIII-VWF on platelet adhesion may also be important 
for the development of atherosclerosis, as was concluded by 
Fuster et al.*, who showed that pigs with severe Von Willebrand 
disease are much less susceptible to atherosclerosis than control 
pigs. 

Furthermore, the present results are interesting in view of the 
synthesis of factor VUI-VWF-related antigen (with Von 
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Fig. 2 Factor VITI~VWF accumulation and the subsequent pla- 
telet adhesion on human subendothelium in a double-perfusion 
experiment. A, Factor VIII-VWF bound to the subendothelium in 
the first perfusion (©) with different factor VII-VWF concen- 
trations. B, Number of platelets adhered to the subendothelium in 
the second perfusion (@), with the corresponding amount of pre- 
bound factor VIH-VWF. Dashed curves are power curve fits 
according to the formula y = ax’ +c, where in A: a = 1.23, b= 
0.70, c =0.0 and the correlation coefficient r= 0.85, and in B: 
a = 26.0, b = 0.86, c = 26.7 and r= 0.84. In the first perfusion a 
Krebs-Ringer solution containing 19 mM citrate, 2.4 mM CaCl, 
0.5% glucose and 4% human albumin (recrystallised, Sigma 
A 9511) with different concentrations of purified factor VII-VWF 
was perfused for 5 min, at 37°C. 10% of the purified factor 
VIII-VWE was labelled with "I After the first perfusion, the 
system was rinsed with 135 ml 0.2 M Tris buffer (pH 7.4). The 
second perfusion (5 min, 37 °C) was then started immediately. This 
perfusate contained the Krebs-Ringer solution as used in the first 
perfusion but without factor VHI-VWF. Platelet and red cell 
concentrations were similar to the concentrations, as indicated in 
Fig. 1 legend. After the second perfusion, the system was rinsed 
with 40 ml 0.2 M Tris buffer (pH 7.4). The middle part of the artery 
was cut from the rod and used for registration of °'Cr and I. 


Willebrand activity but without coagulant activity) in the endo- 
thelial cells”. On vessel wall injury, this antigen may be bound 
to the subendothelium and subsequently mediate the adhesion 
of platelets. A local haemostatic effect of factor VIII-VWF- 
related antigen present in the vessel wall has been suggested by 
Bloom et al.*' on the basis of immunohistochemical studies of 
the intima and by Holmberg et al.” who reported the absence 
of this antigen in the vessel wall of severely affected Von 
Willebrand patients. 

We thank Dr H. R. Baumgarther (Roche) for his advice 
concerning the perfusion procedure and Dr L. van Gorp and H. 
Westendorp (St Anthonius Hospital, Utrecht) for the supply of 
renal arteries. Financial support was obtained from the Nether- 
lands Heart Foundation (grant no. 76090). 
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Calcium conductance 
of acetylcholine- 
induced endplate channels 


SEVERAL lines of evidence indicate that an influx of Ca" ions 
accompanies transmitter activation of the postsynaptic 
membrane at the neuromuscular junction’. We report here 
that we have now investigated the elementary characteristics of 
the Ca’* current by bathing muscles in CaCl, solutions contain- 
ing no Na’ ions, so that Ca’ is the only ion available to carry any 
appreciable inward current'**’. The single channel current (i) 
and mean lifetime (7) of the postsynaptic channels were then 
determined by the technique of noise analysis’. It was found 
that 7 in the Ca’* solution was shorter than in normal Ringer, 
but that the voltage dependence of + was unchanged. The 
elementary current showed a non-linear voltage dependence, 
unlike the linear dependence in normal solution’. 
Experiments were carried out on the frog (Rana temporaria) 
sartorius muscle, at a temperature of 5-6 °C. The muscle was 
strongly stretched to reduce contraction and its associated arte- 
facts. The normal bathing solution contained (in mM); NaCl, 
120; KCl, 2; CaCh, 1.8; HEPES, 4 (pH 7.2). Calcium solutions 
contained: CaCl,. 82 or 160; KCl, 2; HEPES, 4 (pH 7.2): care 
was taken to avoid contamination with Na*. A standard two- 
point voltage clamp was used at the endplates, and a third 
external micropipette filled with 2 M acetylcholine (ACh) was 
used to apply ACh ionophoretically to the endplate. A fast 
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Fig. 1 Membrane potential dependence of the ACh-induced 
single channel lifetime, +, measured from muscles bathed in normal! 
Ringer solution (@) and in isotonic or hypertonic Ca** solutions 
(O). No differences were seen in 7 between isotonic and hypertonic 
Ca’* solutions, and the results shown are pooled data from both. 
Lines were fitted by eye, and error bars give +1 s.d. Five endplates 
were examined in Ringer solution, and seven in CaCl, solutions. 
Values were obtained during steady ionophoretic application of 
ACh to voltage-clamped endplates, by fitting the membrane cur- 
rent fluctuation spectra to a lorentzian curve. Background spectra 
were subtracted before fitting. r was calculated from the half power 
frequency f, of the spectra as 7 = 1/(27f,). About 15 noise seg- 
ments of 512 points were obtained at each potential, at a digitisa- 
tion rate of 500 or 1,000 Hz, and were used to compute an average 
spectrum. 


Fourier transform method was used to analyse the frequency 
components of the current fluctuations during steady ACh 
application, and ¿į and were determined as previously 
described*”, 

Records were usually obtained from several fibres in normal 
Ringer solution, and then from the same, and additional fibres, 
after changing to Ca** solution. Resting membrane potentials 
were higher in isotonic and hypertonic Ca?* solutions (mean 
values: normal Ringer 85.1+5.8mV, Ca’** solution 103+ 
7.2 mV: all deviations are +1 s.d. unless otherwise stated), and 
the input resistance of the fibres was increased (normal Ringer 
~350 kQ; Ca?” solution 1.32 +0.38 MQ). Pipettes with large tip 
diameters were used to reduce background noise, and the values 
given above may be artificially low because of fibre damage 
during penetration. The frequency of miniature endplate 
potentials was elevated after changing to Ca’* solution, but fell 
to nearly zero after 2-3 h, when ACh noise recordings could be 
made. Miniature endplate currents (m.e.p.cs) were reduced in 
duration and size in Ca’* solution (see also ref. 3), mean 
amplitudes at —130 mV being 2.86 + 0.39 nA in normal Ringer, 
and 0.97 +0.37 nA in Ca” solution. 

In normal Ringer, ionophoretic application of large doses of 
ACh to the endplate caused local contractions, and these 
became much larger in isotonic Ca** solution. For example, a 
barely visible contraction, involving two sarcomeres, was seen 
with a synaptic charge flux of about 1 nC. Because of this 
difficulty in avoiding movement artefacts, some experiments 
were carried out in hypertonic Ca** solution (160 mM CaCl), 
which helped to reduce contraction. To guard against the possi- 
bility that part of the synaptic current was carried by an influx of 
Cl ions’, recordings were made from two fibres in a bathing 
solution of 82 mM Ca-cyclamate. M.e.p.cs were recorded in this 
solution, with the same amplitudes as in 82 mM CaCl, solution, 
and there was little difference in reversal potential. Also K* ion 
influx made no appreciable contribution to the synaptic current, 
as no significant changes in equilibrium potential or single 
channel currents were seen in fibres bathed in a solution 
containing only 160 mM CaCh. 

A variety of divalent cations in addition to Ca’* are able to 
carry a synaptic current. We have recorded m.e.p.cs and ACh- 
induced currents from fibres bathed in isotonic solutions of 
MgCl, MnCh, SrCl, and CoCl, (all solutions also contained 
2mM KCl and 4mM HEPES). This contrasts with the 
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behaviour in several other systems, where Mg’*, Mn?” and Co?’ 
are known to block Ca** fluxes'”'?. The drug D600 has also 
been shown to block Ca’* fluxes in a variety of preparations'', 
We found that at a concentration of 200 ugm? D600 
decreased the frequency of m.e.p.cs in isotonic Ca**, and did not 
abolish the ACh sensitivity of the muscle membrane. However, 
with ionophoretic ACh application only brief transient respon- 
ses could be recorded, and a period of a few minutes was 
required for recovery of the response to a second pulse. This 
effect of D600, which was also present in normal Ringer, may be 
attributable to a blocking of open channels, or to an increase in 
desensitisation. 

Figure 1 shows the voltage dependence of mean lifetime ( } of 
ACh-induced channels in Ca** solution, plotted on semi- 
logarithmic coordinates. The data are fitted well by a straight 
line, indicating that - increases exponentially with membrane 
hyperpolarisation. The voltage constant (potential shift to give 
an e-fold change in )was62 mV. increases exponentially with 
hyperpolarisation in normal Ringer“, and the Ca?” data closely 
parallel a line drawn through control measurements in normal 
Ringer, although shifted in a hyperpolarised direction by about 
46 mV. The shortening of 7 in Ca*” solution is surprising, as an 
increase in Ca** concentration from 1 to 10mM has been 
reported to slow the decay phase of m.e.p.cs'*. However, we 
have been unable to confirm these results, and found that this 
increase in Ca** concentration produced in some experiments a 
shortening of m.e.p.c. decay, and in others no detectable change. 

Figure 2 shows the voltage dependence of the elementary 
current, derived from noise analysis, in hypertonic Ca?* solu- 
tion. The relationship is not linear throughout, indicating that 
the elementary conductance (y) varies with membrane poten- 
tial. Closely similar behaviour was seen in experiments using 
isotonic Ca?* solution. This is unlike the situation in normal 
Ringer, where y is independent of potential®, and in our 
experiments had a value of 29.3 + 2.7 pS (s.e.m.). In hypertonic 
Ca’* solution the voltage dependence of i was approximately 
linear at potentials more hyperpolarised than —110 mV, and the 
slope of this segment gave a value for y of 6.25 pS. Noise 
measurements at potentials between equilibrium and ~100 mV 
were very difficult to obtain, but an average value for y of 
~2.5 pS was estimated for this segment. 

Our results confirm previous observations’ showing that 
activation of the postsynaptic membrane with ACh causes an 
increase in permeability to Ca** ions, and further indicate that 
Mg“, Mn’*, Sr** and Co** ions are also able to cross the 
channels induced by ACh. However, the conductances for these 
ions are small, and at —90 mV, for example, the elementary 
conductances in both isotonic MgCl, and CaCl, solutions are 
about 10 times less than in normal Ringer. 

Divalent ions might cross the endplate membrane (1) 
nonspecifically through the ‘ordinary’ channels normally used 
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Fig. 2 Membrane potential dependence of the single channel 
current i, measured from fibres bathed in 160 mM CaCl, solution. 
Lines were fitted by eye. Points shown with error bars are means 
from five fibres, and bars are +1 s.e.m. Points at —90 and ~70 mV 
are measurements from single fibres. The equilibrium potential (@) 
was measured from the reversal potential of the ACh response in 
seven fibres, and was —44.4 mV (s.d.+ 1.1 mV). Elementary cur- 
rents were calculated from the total spectrum variance, after 
subtraction of background variance. The alternative technique of 
computing í from the zero frequency asymptote of the spectra gave 
values in good agreement. 
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by Na“ and K”, or (2) through a separate Ca?* -specific channel. 
The apparently identical voltage dependence of for Ca?* and 
Na’ currents, together with the failure of Mg**, Mn?*, Co?’ and 
D600 to block the m.e.p.cs, favour (1), but do not entirely 
exclude (2). The reason for the differences in conductance 
properties in Na- or Ca-Ringer is not clear, and the non-linear 
dependence of the elementary Ca” current on membrane 
potential is not predicted by the Goldman—Hodgkin—Katz 
model of ion permeation’*”'*. However, differences also exist 
between various divalent ions themselves, and we find that, 
unlike Ca**, the elementary Mg’* current has a linear voltage 
dependence over the range examined (—50 to ~130 mV). 

The decrease in channel lifetime in Ca’* solutions is in the 
opposite direction to that expected from the effect of Ca?’ ions 
in screening negative surface charges on the muscle 
membrane’, and suggests that Ca’* ions have an additional 
effect on the channel. It may be that in addition to direct effects 
of various ions on the receptors and their environment, the 
lifetime of transmitter-induced channels is influenced by the 
nature of the ions which permeate them’”. 
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Anti-HLA-A,B,C monoclonal 
antibodies with no alloantigenic 
specificity in humans define 
polymorphisms in other primate species 


THE study of evolutionary relationships by immunological 
comparison of homologous proteins from different species has 
been limited by the complexity and variability of conventional 
heteroantisera’. These problems can be avoided by using selec- 
ted panels of monoclonal antibodies, specific for single antigenic 
determinants, which would enable detailed immunochemical 
descriptions of homologous proteins to be made’. The human 
HLA-A,B,C antigens and their homologues provide a particu- 
larly interesting system for this type of analysis’. Although they 
are extraordinarily polymorphic within species, many features 
of their structure, including association with B2-microglobulin, 
have been highly conserved during evolution? ®. A preliminary 
survey showed that monoclonal antibodies with specificity for 
the HLA-A,B,C-8,-microglobulin complex reacted with pri- 
mate species but not with non-primates’. We have therefore 
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concentrated on comparing primate species with a panel of 
anti-A,B,C monoclonal antibodies. We report here the finding 
that two different anti-HLA-A,B,C monoclonal antibodies with 
no demonstrable polymorphic specificity in humans define 
polymorphisms in owl and spider monkeys, thus demonstrating 
the potential of these reagents for fine structure antigenic 
mapping. 

Results obtained from a limited number of species indicated 
that the anti-HLA-A,B,C monoclonal antibody W6/32 reacted 
with apes and Old World monkeys whereas the anti-82-micro- 
globulin monoclonal antibody BBM1 only reacted with the 
higher apes, chimpanzee and gorilla’*. The indirect binding of 
W6/32 to peripheral lymphocytes from individual animals of 19 
primate species is shown in Fig. 1. Positive reactions were found 
with all species of Old World monkeys and the only ape (gibbon) 
tested. All New World species, with the exception of the owl 
monkey, were negative. The BBM1 antibody, as expected (ref. 
7, and data not shown), was negative against all non-human 
species tested. 

To confirm the presence of the W6/32 antigenic determinant 
on owl monkey lymphocytes four animals were individually 
tested. Three gave negative reactions and the single animal 
tested in the original screen was still positive. Subsequent typing 
of 40 owl monkeys showed 11 positive and 29 negative. When 
lymphocytes from W6/32 positive and negative animals were 
assessed for their capacity to bind W6/32 antibody (Fig. 2), 
positive animals gave titration curves indistinguishable from 
human and rhesus lymphocytes, in contrast to negative animals, 
which gave no significant binding at any cell number and were 
indistinguishable from spider monkey lymphocytes used as the 
negative control. 

The owl monkey is widely distributed throughout South 
America, and regional variations in coat colour and 
chromosomal morphology have been described’. The poly- 
morphic reaction pattern of W6/32 antibody was found to 
correlate exactly with chromosomal differences. Nine animals 
with karyotype VI from Bolivia and two with karyotype VII 
from Peru were all positive, six animals with karyotype I from 
Brazil and 23 animals with karyotypes II, III, IV and V from 
Columbia were all negative (Fig. 3 and Table 1). 

Other anti-HLA-A,B,C monoclonal antibodies which 
showed no polymorphic reactions in humans’? were screened 
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Fig. 1 Indirect trace binding of W6/32 anti- 
body to lymphocytes of different primate spe- 

cies. The assay was basically as described i in ref. 
14. Peripheral blood lymphocytes (5 x 10° "ina 
volume of 50 wl were incubated with 50 wl of a 
1/100 dilution of ascites fluid from mice carry- 
ing the W6/32 hybrid cell as a tumour, for 1 hat 
4°C. After three washes the cells were 
incubated with 2x 10° c.p.m. of ‘?"I-labelled 
rabbit (Fab’), anti-mouse IgG for 1h at 4°C, 
washed four times and counted for radioac- 

tivity. 


80,000 


against owl monkey lymphocytes of different karyotype. Three 
different reaction patterns were seen: (1) negative on all cells, (2) 
identical to W6/32 antibody, and (3) a polymorphic reaction 
pattern different from the W6/32 antibody. Three antibodies of 
the last class were identified which all gave similar reaction 
patterns. Positive reactions were seen with all animals of karyo- 
types I, II, II, IV, V and VII whereas polymorphic reactions 
were found with animals of karyotype VI (Table 1). One anti- 
body (PA2.5) was selected for further study and its specificity on 
all human cells confirmed. PA2.5 antibody reacted equally well 
with a panel of 20 HLA-A, B, C-bearing human B-cell lines and 
this binding was equally inhibitable by purified preparations of 
both HLA-A locus (A2 and A28) and HLA-B locus (B7 and 
B40) antigens“. 

As the initial screen (Fig. 1) with the W6/32 antibody against 
different species involved single animals and by chance, an owl 
monkey of karyotype VII had been selected, it became 
important to re-evaluate the reactions on other species. Groups 
of three New World species (squirrel, spider, cebus) and a single 
Old World species (rhesus) were tested against W6/32 and 
PA2.5 antibodies and the results are shown in Table 1. The 
original conclusions concerning the W6/32 antigenic deter- 
minant were confirmed. It was absent on all cebus, squirrel and 
spider monkeys and present on all rhesus monkeys tested. The 





Table 1 Indirect binding reactions of W6/32 and PA2.5 antibodies on primate 


lymphocytes 
No. of 
animals 
Species tested W6/32 PA2.5 
Positive Negative Positive Negative 
Spider monkey 12 0 12 8 4 
Owi monkey 9 9 0 3 6 
{karyotype VI) 
Owl monkey 0 29 29 0 
(karyotype I, II, HI, IV, y 
Owl monkey 2 0 2 0 
(karyotype VII) 
Squirrel monkey 20 0 20 20 0 
Cebus (brown and 15 0 15 15 0 
white capuchin) 
monkey 
Rhesus monkey 14 14 0 14 0 
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PA2.5 antibody gave positive reactions with all rhesus, squirrel 
and cebus monkeys but was polymorphic in the spider monkey. 

The polymorphisms defined by the two monoclonal anti- 
bodies in the owl monkey were quite distinct. W6/32 antibody 
reactions correlated exactly with known differences in karyo- 
type, coat colour and geographical origin. This result is similar 
to that found for wild mice where individual demes of geo- 
graphically separated populations had characteristic H-2 
antigens’*. The PA2.5 antibody defined a polymorphism within 
a presumably interbreeding group of animals that were identical 
for karyotype, coat colour and W6/32 antibody reactivities. 
Similarly, the polymorphism defined by the PA2.5 antibody in 
the spider monkey was not correlated with other known 
parameters. 
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Fig.2 Indirect trace binding of W6/32 antibody to human, spider 

monkey and owl monkey lymphocytes as a function of cell number. 

Assays were as described in the Fig. 1 legend except different cell 

numbers were used. @, Owl monkey with karyotype VI; C, owl 

monkey with karyotype I; A, human used as a positive control; A, 
spider monkey used as negative control. 


It is not unexpected that non-polymorphic anti- HLA-A,B,C 
monoclonal antibodies define polymorphism in other primate 
species. Highly conserved regions of HLA-A,B,C glycoproteins 
will not be immunogenic in mice, and it is likely that monoclonal 
antibodies made in mice will recognise parts. of the molecule that 
can tolerate amino acid substitutions without loss of function 
and thus have the potential for polymorphism within a species. 

Most non-polymorphic anti-HLA,B,C monoclonal anti- 
bodies we have produced bind to cells of non-human primate 
species. Comparison of their reactions with different species has 
provided a simple way of defining different antigenic deter- 
minants of the HLA-A,B,C-~8,-microglobulin complex. The 
W6/32 antibody defines a determinant generally restricted to 
apes and Old World monkeys, the PA2.5 antibody defines a 
determinant present on apes, Old World monkeys and most 
New World monkeys. These results indicate that both antigenic 
determinants originated before the divergence of New and Old 
World monkeys and it will be interesting to see if they can be 
detected in tree shrews and the more primitive species of 
primates. 

The high frequency with which antibodies of similar specificity 
are produced suggests that the number of antigenic deter- 
minants is small. This is probably a reflection of the ~70% 
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Fig. 3 Indirect trace binding of W6/32 antibody to lymphocytes 
from owl monkey with seven different karyotypes. Assays were as 
described in the Fig. 1 legend. 


amino acid sequence homology between HLA-A,B,C glyco- 
proteins and the H~2D,K glycoproteins of the mice used to 
make the antibodies”*. The finding that HLA-A,B,C antigens 
and their homologues in higher primates are antigenically 
similar in comparison to mouse indicates a very high degree of 
amino acid sequence homology. The equivalence with which 
many anti-HLA monoclonal antibodies bind to cells of non- 
human primate species and the use of insolubilised W6/32 
antibody in the purification of HLA-A,B,C antigens’ suggest 
that the homologous antigens of other species may be purified by 
this method and made available for structural characterisation. 
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Functional separation in vivo of 
both antigens encoded by 
H-2 subregion and non-H-2 loci 


ANTIGENS coded for by the H~2K, H-2D and H~2I region of 
the major histocompatibility complex (MHC) of the mouse 
initiate different in vitro responses. I region-coded antigens 
activate mainly Lyt 1* T cells to produce a proliferative response 
in mixed lymphocyte cultures (MLC), whereas K and D region- 
coded antigens predominantly stimulate Lyt 2° T cells to 
become cytolytic effector cells’. Proliferative responses in MLC 
and generation of cytolytic T cells in vitro can also be induced by 
minor histocompatibility antigens. For example, Mls-locus 
products can induce positive MLC responses, but not the 
generation of cytolytic T cells’, whereas H-Y antigen does give 
rise to anti- H—Y cytotoxic T-cell responses in vitro, following in 
vivo priming’. Functional in vivo studies have shown that H-2K, 
H-2D and H-2I differences can account for graft rejection and 
for mortality in graft-versus-host (GvH) reactions’. Differences 
in only minor histocompatibility antigens are sufficient to cause 
graft rejection’, and lethal GvH reaction after allogeneic bone 
marrow transplantation’. Similarly, immunisation with only 
H-2 or only non-H-2 antigens can induce a state of delayed- 
type hypersensitivity (DTH) to the immunising antigen, which 
can be measured with the footpad swelling test". So far, such in 
vive experiments have shown little or no discrimination between 
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responses to H-2 subregion antigens and responses to non-H-2 


antigens. We have used a DTH assay to study the occurrence of 
T-effector cells after in vivo immunisation with different histo- 
compatibility antigens. We show here that DTH T-effector cells 
generated in GvH and host-versus-graft (HvG) reactions are 
specific for largely different sets of histocompatibility antigens, 
with selective stimulation by H-2I and Mls-locus antigens in 
GvH conditions. 

We have developed a simple DTH assay which can be used to 
measure the development of T-effector cells induced by histo- 
compatibility antigens during a GvH reaction”’’. The assay is 
based on secondary transfer of lymphoid cells from animals 
undergoing a GvH reaction, and subsequent testing of the 
secondary recipients for DTH reactivity to the histocom- 
patibility antigens which evoked the GvH reaction. Briefly, 
lymphoid cells from mice which have been irradiated and 
reconstituted with allogeneic spleen cells, are transferred 
intravenously (i.v.), at various intervals after reconstitution, into 
normal secondary recipients syngeneic to the original spleen cell 
donor. The secondary recipients are challenged in the right hind 
foot with 2 x 10’ spleen cells syngeneic to the original irradiated 
recipients. The DTH response to this challenge is measured as 
the difference in thickness of the hind feet 24 h later. The specific 
increase in foot thickness is calculated as the relative increase in 
foot thickness of the immune mice minus the relative increase in 
foot thickness of control mice which have only received the 
challenge. The swelling of challenged control mice varies 
between 12 and 20%. Using this assay we studied the capacity of 
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Table 1 Anti-host immune reactivity in lethally irradiated recipients after spleen cell transplantation across H-2-subregion differences 


H-2 subregion 
coding for 


Inoculum Recipient immunising antigen* 
B10.A B10.AQR K 
B1i0.AQR B10.A x B10.T(6R) K+I 
B10.AQR B10.A x B10.T(6R) K+] 
Bi0.AQR B10.A x B10.T(6R) K+I1 

A.TH A.TL I(+Tla) 

A.TH A.SW D(+Tla) 


H-2 subregion 


coded antigens of cells DTH 

Challenge used for challenge Response 
B10.AQR K 3.2+1.6 
B10.A x B1O.T(6R) K +I i ba in De oat ee 
B10.T(6R) I 32.2+2.9 
B10.A K 3.43.0 

A.TL I(+Tla) 31.4+2.6 
A.SW D(+Tla) —0.3+1.4 


GvH reactions were elicited by i.v. injection of 5 x 10’ spleen cells (inoculum) into lethally irradiated recipient mice. Recipients were lethally 
irradiated (750 rad) within 4 h before reconstitution with the spleen cell inoculum; 5 d after reconstitution two-thirds of the total cell yield obtained 
from spleen, inguinal, axillary and mesenteric lymph nodes of a recipient mouse were transferred i.v. to a secondary recipient which was syngeneic to 
the original spleen cell donor. Lymphoid cells from all primary recipients of a particular combination were pooled before secondary transfer. 
Challenge was carried out with 2 x 10’ (50 pl) spleen cells (treated with mitomycin C (Kyowa Hakko Kogyo) 100 ug ml”! for 30 min at 37 °C) injected 
s.c. into the instep of the right hind foot of the secondary recipients. At 24 h after challenge DTH responses were measured. Control mice only received 
a challenge dose. The swelling of these control mice was 12-20%. DTH responses are expressed as the specific percentage increase in foot thickness, as 
described previously’. Figures represent the arithmetic mean +1 s.e.m. of five mice. 

* H-2-subregion difference between spleen cell donor and irradiated recipient mice. The origin of H-2 subregions (K, I-A, I-B, I-C, D) for the 
strains are as follows: A.TH, ssssd; A.SW, sssss; A.TL, skkkd; B10.A, kkkdd; B10.AOR, qkkdd; B10.T(6R), qqqqd. 
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Table 2 Anti-host immune reactivity in lethally irradiated recipients after spleen cell transplantation across Mls-locus differences 


Peak MLC 

Inoculum Recipient response 
BALB/c BALB/c x DBA/2 24,000+ 850 (4) 
BALB/c BALB/c x DBA/2 — 
DBA/2 BALB/c x DBA/2 630+ 280 (3) 
AKR/FuRdA C3H/f 22,300 + 1300 (3) 
AKR/FuRdA C3H/f — 

C3H/f AKR/FuRdA 38,000 + 2900 (4) 
C3H/f AKR/FuRdA _ 


Mis locus-coded 


antigen of cells Peak DTH 

Challenge used for challenge response 
DBA/2 Mls* 25,5+0.7 (5) 
B10.D2 Mis” 0.5+ 1.2 (5) 
BALB/c Mis” 10.64 2.2 (3) 
C3H/f Mis‘ 25.84 1.8 (7) 
B10.BR Mis” 2.9+1.1 (7) 
AKR/FuRdA Mis’ 26.7 £2.0 (7) 
B10.BR Mis” 1.9+1.7 (7) 
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GvH reactions were elicited by i.v. injection of 5 x 10’ spleen cells (in 
haplotype and Mis locus for the strains are as follows: BALB/c, H-24, Mis” 


oculum) into lethally irradiated recipient mice. The designation for H-2 
- DBA/2, H-24, Mls’; BALB/c x DBA/2, H-2?, Mis”’*; B10.D2, H-2°, 


Mis”; AKR/FuRdA, H-2*, Mls*; C3H/f, H-2*, Mls“; B10.BR, H-2*, Mis”. Recipients were lethally irradiated (850 rad) before reconstitution. At 


+ 


different intervals after reconstitution a number of spleen cells equivalent to one spleen was transferred i.v. into secondary recipients which were 
syngeneic to the original spleen cell donors. Peak one-way MLC responses are expressed as specific counts per min. Figures represent the arithmetic 
mean +1 s.e.m. of a quadruplicate microculture. The day of peak MLC response is given in parentheses. Each culture consisted of 5 x 10° responder 
spleen cells and 5 x 10° stimulator (treated with 25 pg mitomycin C per ml) spleen cells. Activity of responder cells alone was 250~—1,200 c.p.m. and 
activity of mitomycin C-treated stimulator cells 50-300 c.p.m. Background activity was 35c.p.m. Details of the technique will be published 
elsewhere’. Challenge was carried out as described in Table 1 legend. Peak DTH responses are expressed as the specific percentage increase in foot 
thickness. Figures represent the arithmetic mean +1 s.e.m. of five mice. The day of peak DTH response is given in parentheses. 


0028~-0836/79/0279—0642$01.00 


© Macmillan Journals Ltd 1979 


Nature Vol. 279 14 June 1979 


ee CC NLL QO A AN QA QW DOE ALAA LALA AANA AEA ANNO CNEL AACN NCNNRIAC NN mEmbL Tait asititttemtrtemrenati tet ettammmmastitmmmmentesetnntnnnunteunennttinimattittemeepentinereminnssinintemeeusenne 
Table 3 Anti-graft immune reactivity after immunisation with spleen cells differing at H-2 subregions or minor histocompatibility loci 
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H-2 subregion or Mls 





locus-coded antigens of DTH 
Immunisation Responder Challenge cells used for challenge Response 
B10.AQR B10.A B10.AQR K 39.2428 
B10.AQR B10.T(6R) B10.AQR I 38.04 3.2 
A.TL A.TH A.TL I(+Tla)} 33.6+3.0 
A.SW A.TH A.SW D(+Tla) 26.6+2.3 
BALB/c DBA/2 BALB/c DBA/2 Mis? 39,2 +2.2 
BALB/c x DBA/2 BALB/c B10.D2 Mis” 28.4+3.0 
BALB/c x DBA/2 DBA/2 BALB/c Mis” 44.4+2.8 
AKR/FuRdA C3H/f AKR/FuRdA Mis" 31.0+2.2 
AKR/FuRdA C3H/f B10.BR Mis” 22.1 +32.0 
C3H/f AKR/FuRdA C3H/f Mis“ 34.642.4 
C3H/f AKR/FuRdA B10.BR Mis” 28.8+ 1.5 
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Immunisation was carried out with 1 x 10’ spleen cells s.c., equally distributed over the inguinal areas by means of a 28-gauge needle. For the origin 
of H-2 subregions and Mis locus see legends to Tables 1 and 2. Challenge was carried out as described in the Table 1 legend. DTH responses were 
assayed 5 d after s.c. immunisation of the responder mice and expressed as the specific percentage increase in foot thickness. Figures represent the 


arithmetic mean +1 s.e.m. of five mice. 


H-2 subregion-coded antigens and minor histocompatibility 
antigens to induce such T-effector cells after (semi-)allogeneic 
spleen cell transplantation in lethally irradiated mice. These 
results were correlated with the capacity of the same antigens to 
induce DTH -related T-effector cells during a HvG reaction. 

In lethally irradiated congeneic mice, reconstituted with allo- 
geneic spleen cells which were different at the whole or part of 
the H-2 complex, it could be demonstrated that the transferable 
anti-host DTH reactivity is directed exclusively to the I region of 
the H-2 complex; K and D subregion-coded antigens do not 
induce anti-host DTH T-effector cells (Table 1). H-2 compati- 
ble, non-H-2-incompatible spleen cell transplantation in 
lethally irradiated hosts revealed that antigens encoded by the 
Mls locus can also elicit the development of a transferable 
anti-host-directed DTH reactivity (Table 2). Mis” and Mis" 
coded antigens initiated both a positive MLC response and a 
distinct GvH-related DTH reactivity. Mls°-locus antigens, on 
the other hand, were not able to initiate in vitro proliferation; 
this was associated with a marginal and short-lasting GvH- 
related DTH reactivity (Table 2). 

Minor histocompatibility antigens other than Mls-locus 
products did not contribute to the expression of the anti-host 
DTH reactivity. This was shown by B10,D2 challenge of secon- 
dary BALB/c recipients of cells activated to DBA/2 non-H~2 
antigens, and by B10.BR challenge of C3H/f and AKR 
recipients of cells activated to AKR and C3H/f, respectively. In 
this experiment the cells used for challenge had different Mls- 
locus antigens from the irradiated recipients. As there is exten- 
sive cross-reactivity in various mouse strains between non-H-2 
alloantigens other than Mls-locus products'’, challenge with 
H-2-compatible, Mls locus-different spleen cells would demon- 
strate the contribution of these non-H-2 alloantigens in the 
expression of GvH-related DTH reactivity. No significant anti- 
host DTH reactivity could be elicited after challenge with 
B10.D2 or B10.BR spleen cells (Table 2). Therefore, non-H-2 
alloantigens other than Mls locus-coded products probably do 
not evoke anti-host DTH reactivity. Apparently, Mis-locus 
products and I-region antigens have a similar capacity for 
inducing anti-host-directed DTH T-effector cells. K and D 
region antigens and non-H-2 antigens other than Mls-locus 
products are much less able to do so. 

In contrast, in HvG reactions induced by subcutaneous (s.c.) 
injection of allogeneic spleen cells, K, D and I region-coded 
antigens as well as non-H-2 histocompatibility antigens could 
give rise to anti-graft DTH T-effector cells (Table 3). Also, 
minor histocompatibility antigens other than Mls-locus products 
contribute to the expression of the anti-graft DTH reactivity 
(Table 3). According to the work of Vadas et al. there may be 
two subsets of T cells mediating DTH: Lyt 1° and Lyt 2” T cells, 
which are restricted by the I or the K and D regions of the MHC, 
respectively. Probably, in GvH conditions only Lyt 1* DTH 
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T-effector cells are activated (anti-H~2I and anti-Mls response) 
and in HvG conditions both Lyt 1° and Lyt 2” DTH T-effector 
cells are activated. This might be related to the frequency of T 
cells reactive to the various histocompatibility antigens'*"*. 
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A candidate for the permeability 
pathway of the 
outer mitochondrial membrane 


UNLIKE most other membranes, the outer mitochondrial 
membrane seems to be freely permeable to various small mole- 
cules and has therefore been called ‘leaky’. The intactness of this 
membrane is demonstrated by observations'* which show it to 
be impermeable to large polymers. This ‘sieving’ property is 
consistent with the presence of size-selecting units such as 
channels. Parsons and co-workers’® have published electron 
micrographs showing what looked like channels in the outer 
membrane of mitochondria (particularly those from plants), and 
recent X-ray diffraction studies by Mannella and Bonner’ have 
confirmed the existence of structures of similar dimensions to 
those seen in the electron micrographs. I now report the extrac- 
tion of channel-forming material from the outer membrane of 
rat liver mitochondria. This material has properties which are 
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Fig. 1 Incorporation of Triton X-100-solubilised VDAC into a 
planar bilayer. An unmodified planar lipid bilayer was made (see 
Table 1 legend) with a conductance of ~10 pS (membrane was 
0.15 mm in diameter) in the presence of 1 M KCI, 5mM CaCl. 
Five microlitres of a 2% Triton solution containing VDAC from rat 
liver mitochondria (a purified fraction—the method of purification 
will be described elsewhere) was added to the front compartment. 
A transmembrane voltage of 10 mV (the rear compartment being 
positive) was applied continuously using the voltage clamp set-up 
previously described*. After a few minutes, the insertion of chan- 
nels is observed as distinct increases in membrane conductance. 
The channels are of uniform size. In the middle of the record the 
scale was reduced by a factor of 4, so the scale on the right-hand 
side of the graph refers to the right-hand side of the record while 
that on the left-hand side refers to the left side of the record. The 
chart speed was constant throughout. 


essentially identical with those reported previously* for voltage- 
dependent anion-selective channels (VDAC) from mitochon- 
dria of Paramecium. VDAC could be responsible for the 
permeability of the outer membrane to small molecules and may 
be involved in regulating mitochondrial metabolism. 

The VDAC channels previously described (from Paramecium 
mitochondria) displayed the following properties after insertion 
into planar lipid bilayers: (1) The permeability produced in the 
bilayer is due to channels of uniform size. (2) These channels 
conduct anions better than cations of comparable size and 
charge. (3) The channels switch to lower conducting states 
(close) when the transmembrane voltage is increased both in the 
positive and negative direction: the voltage range at which this 
switching from high to low conductance occurs is narrow so that 
the voltage dependence is steep. These properties characterise 
VDAC and distinguish it from all other conductances that have 
been observed in bilayers. These properties are constant from 
preparation to preparation and, remarkably, from species to 
species. Hence, the term VDAC is used here to refer to all the 
channels displaying these characteristic properties. 

Channel-forming activity was assayed in two ways as 
described in Table 1 legend and conductance in the bilayer was 
checked for the characteristic properties described above. In the 
first assay method the sample (suspended in hexane) was layered 
on the surface of the aqueous phases to generate monolayers 
from which the bilayer was formed (no detergent was used). The 
numbers of VDAC channels in the resulting bilayer are a 
measure of VDAC activity. Results obtained with this method 
are shown in the third column of Table 1. The second method 
involved extracting a sample with Triton X-100 and adding an 
aliquot of this extract to the medium bathing an unmodified lipid 
bilayer. The rate of VDAC channel insertion from the medium 
per unit time is a measure of the VDAC content of the original 
sample (last column in Table 1). Both methods yield VDAC 
channels with the same characteristic properties. Therefore the 
presence of the detergent has no discernible effect on VDAC. 
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Table 1 shows that mitochondria from a wide variety of 
eukaryotes have VDAC channels. To date all mitochondria 
tested have shown VDAC activity. In addition, Table 1 shows 
that VDAC is not present in rat liver microsomes. The low 
activity in the microsomal fraction can be accounted for by a 1% 
mitochondrial contamination. The large standard deviations 
shown in the table do not indicate irreproducibility in obtaining 
VDAC activity. Rather, there was a large variation in the 
number of channels incorporated in the bilayer using the same 
preparation on the same day. (This type of variability is not 
unusual when conducting elements are inserted into planar lipid 
bilayers.) Despite quantitative uncertainty, there is no doubt 
that VDAC is present in all these organisms. 

Figure 1 shows a time course of the current (number of ions 
crossing the membrane per unit time) which flowed across the 
membrane after the addition of an extract of rat liver mito- 
chondria to the aqueous phase in which the membrane was 
bathed. The driving force for ion flow was a 10-mV trans- 
membrane potential. The current increased by distinct jumps of 
uniform size. The rise time of the jumps was shorter than we can 
accurately measure, <50 ps—a characteristic property of 
channels in general. The rate of channel insertion was fairly 
constant. 

The voltage dependence of VDAC is illustrated in Fig. 2. 
When the driving force was increased from 10 to 40 mV the 
current increased fourfold but then decreased to a new lower 
level. This was due to the switching of VDAC channels from a 
high to a low conductance state (channels close). When the 
voltage was returned to 10 mV the channels returned to the high 
conductance state (channels open). Note that the rate for VDAC 
opening is much faster than that for closing. The same behaviour 





Table 1 Location of VDAC at the organelle level 





Major organelle VDAC activity 
present in Channels per Channels per 

Source fraction membrane min per mg* 
Paramecium Mitochondria 500 + 300 

Cilia 0 

Pellicle 20+ 20 
Rat liver Mitochondria 200 + 100 

Microsomes 241 0 
Rat heart Mitochondria 330 
Beef heart Mitochondria , 370 
Neurospora Mitochondria 700 +600 1,000 + 500 
Yeast Mitochondria 50+ 50 
Lobster Axolemma 0 0 





Mitochondrial fractions from rat, beef, Neurospora (wall-less mutant 
of N. crassa, provided by Dr Gene Scarborough) and yeast were 
produced by standard procedures. The rat liver microsomes were 
obtained by centrifuging the post-mitochondrial supernatant at 
100,000g for 30 min and taking the top part of the translucent pellet. 
The Paramecium results are those reported previously®. Purified lobster 
axolemma was prepared as described by Barnola ef al,'®, Channel- 
forming activity was assayed by two methods, The first was that 
described previously’. [Mitochondria were sonicated with a 25-fold 
excess of soybean phospholipid, lyophilised and suspended in hexane 
(1% w/v). The suspension was layered on the aqueous phases to form 
monolayers which were then used to produce bilayers by the method of 
Montal and Mueller’’.] Results of this assay are expressed as channels 
per membrane +s.d. In the second method, Triton X-100 was added to 
the sample to a final conconcentration of 2% (v/v) (the protein concen- 
tration was not greater than 10 mg mi 1), A planar bilayer was made by 
the method of Montal and Mueller” following the technique previously 
described®. (Soybean lipids were used after purification as previously 
described'*.) An aliquot of this solution (5 or 10 wl) was added to the 
front compartment. The rate of incorporation of channels into the 
bilayer, normalised per unit amount of protein added, is a measure of the 
VDAC activity in the sample (last column), (Note that the Triton extract 
should be warmed up to room temperature for at least 1 h before assay.) 
Normalisation is not required in the first assay because the ratio of 
protein to lipid in the membrane forming solution is kept at a constant 
1:25 (w/w). * Rate of VDAC channel insertion from medium per unit 
time per mg protein. 
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Fig.2 The voltage-dependent conductance of VDAC. The upper 
traces show the current and the lower traces the voltage as a 
function of time. VDAC was inserted as described in Fig. 1. After a 
certain time the amount of VDAC inserting, for short time periods, 
is small compared with what has already inserted. Therefore, the 
conductance can be considered constant for short periods so that 
conductance changes caused by voltage are not due to channels 
inserting into the bilayer. On the left-hand graph (a), the voltage 
was increased from 0 to 10 to 40 mV. The current was constant at 0 
and 10 mV. When the voltage was increased to 40 mV, initially, the 
current increased ohmically indicating no conductance change. 
Then the current decreased as the VDAC channels closed. On the 
right-hand graph (b), the membrane was clamped at 40 mV until 
the current level was fairly constant (channels had turned off). Then 
the voltage was dropped to 10 mV. The current initially dropped to 
$ of its value (ohmic behaviour) and then increased due to VDAC 
channels opening. Note the difference in time scale between closing 
and opening rates. The records were first stored using a digital 
storage oscilloscope (Gould OS 4000) and then transcribed onto a 
chart recorder. 


was seen in VDAC channels from Paramecium mitochondria’. 
This was also observed with VDAC channels from Neurospora 
crassa and Saccharomyces cerevisiae. 

The anion selectivity was verified by measuring the reversal 
potential of the membrane conductance in the presence of a salt 
concentration gradient (KCI at 1.0 and 0.1 M). A value of 
13 mV positive in the high salt side was measured for material 
extracted from rat liver—close to that observed in VDAC from 
Paramecium (Fig. 56 of ref. 8). 

VDAC’s large single channel conductance (0.45 nS in 
0.1 M KCI and 4.5 nS in 1.0 M KCI) indicates that the pore size 
is large. A simplified calculation assuming the specific conduc- 
tance in the channel to be the same as in solution yields a pore 
diameter of ~15 A. Large pore size is also suggested by the fact 
that acetate*, sulphate®, fumarate and succinate (unpublished 
observations) easily cross the channel. (Fumarate is five times 
less permeable than Na*.) 

VDAC was shown to be located in the outer membrane of 
rat liver mitochondria by fractionating the mitochondrial 
membranes into outer and inner (fractions B and P) by the 
method of Parsons et a/.*. Cross contamination was monitored 
using cytochrome oxidase activity’? as a measure of the amount 
of inner membrane present in the outer membrane fraction and 
NADH-cytochrome c reductase activity’ as a marker for outer 
membrane. VDAC activity was assayed by following the rate of 
channel insertion into a lipid bilayer as described above. The 
results are summarised in Table 2. The marker enzymes confirm 
good purification of inner and outer membranes with little 
cross-contamination. VDAC activity is sixfold higher in the 
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Table 2 Location of VDAC in the mitochondrion 


Inner 
membrane Outer membrane Activity ratio 
fraction fraction outer/inner 
Cytochrome oxidase 1.04 0.063 0.06 
(umol cytochrome c 
mg min™') 
NADH-cytochrome ¢ 0.24 6.0 25 
reductase 
(mol cytochrome c 
mg! min”) 
VDAC 200 + 200(7)* 1,200 + 1,000 (6) 6 
(channels 
min`? mg™') 
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* Mean +s.d. with number of assays in parentheses. 


outer membrane fraction than in the inner membrane. The large 
standard deviation is again due to the variability inherent in the 
assay method. Despite this variability, VDAC is clearly located 
in the outer mitochondrial membrane. (Its absence from the 
inner membrane has not been demonstrated.) 

Thus the large size of VDAC, its location in the outer mito- 
chondrial membrane and its presence in a wide variety of 
organisms, indicate that VDAC may be the channel making the 
outer membrane permeable to small molecules. It is conceivable 
that the voltage-dependence of VDAC may regulate the flow of 
metabolites between the cytoplasm and the inner mitochondrial 
membrane. The small transmembrane potential needed to turn 
off most of the channels could be generated by a Donnan 
potential, changes in surface or dipole potentials mediated 
perhaps by changes in enzyme activity or metabolite concen- 
tration. 

Interestingly, a similar channel has been isolated from the 
outer membrane of Escherichia coli'*:'*. Genetic studies'* and 
transport measurements of the reconstituted material in vesi- 
cles’* show that there is a channel in the outer membrane of E. 
coli that allows small molecules up to the size of a triose to cross 
that outer membrane. Benz et al. and Schindler et al. have 
incorporated this protein into planar lipid bilayers and shown 
that it forms channels that are somewhat smaller than VDAC, 
weakly selective for cations over anions and voltage dependent, 
in a similar way to VDAC, but at high transmembrane voltages 
(150-200 mV compared with 15-30mV for VDAC). This 
parallelism may indicate a common primordial channel. 

I thank Dr Alan Finkelstein for assistance and advice, and Drs 
Efraim Racker, Donald Parsons and Carmen Mannella for 
critical comments. This work was supported by grants from the 
Scottish Rite Schizophrenia Research Program and the NIH. 
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A stable chemiluminescent-labelled 
antibody for immunological assays 


RADIOISOTOPES, in particular '7°I, have been used for many 
years as labels for monitoring the distribution of reagents in 
immunological assay systems. Satisfactory labelled derivatives 
are not always easily produced as iodination frequently 
produces severe molecular disruption. Moreover, iodinated 
proteins have a limited shelf life and sometimes require exten- 
ded counting times for accurate quantitation. Recently, non- 
radioactive labels such as bacteriophages’, enzymes”, stable 
free radicals? and fluorescent groups® have been used in 
attempts to overcome some of these problems. We describe here 
the successful labelling of antibodies to rabbit IgG with a 
chemiluminescent molecule and the development of an 
immunological assay using chemiluminescence as a means of 
monitoring reagent distribution. 

The luminescence of luminol (5-amino-2,3-dihydro- 
phthalazin-1,4-dione) occurs during oxidation in alkaline 
conditions’ in the presence of certain inorganic ions or mole- 
cules? (for example MnQ3, lL, Fe(CN)§", Cu” and OCT"). In 
such conditions, luminol takes part in a reaction which generates 
an excited product molecule. This subsequently becomes de- 
excited by several mechanisms’, one of which is the emission of 
photons. The quantum yield for this process is approximately 
0.015 in aqueous conditions’. A photon counter built in our 
laboratory! is capable of detecting 10~'* mol of luminol. 

An IgG fraction of a sheep anti-rabbit IgG antiserum pre- 
pared by sodium sulphate precipitation was reacted with a 
diazonium salt of luminol. Diazotisation involved a marked 
reduction in quantum yield (Table 1), possibly as a result of 
polymerisation of diazoluminol. A further small reduction took 
place following overnight incubation at pH 8.6 as required for 
the coupling reaction, although there was no further loss of 
quantum yield as a result of the coupling procedure itself. The 
incorporation of diazoluminol into conjugate with IgG was 
dependent on the concentration of reactants (Table 2). Using a 
100-fold molar excess of luminol it was possible to incorporate 
up to 80% of the ligand, although it was found that at uptake 
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Table 1 Recovery of luminescence during coupling of luminol to IgG 


nnee 


Stage of Total recovered % Initial 

coupling counts luminescence 
Initial 59x10"? 100 
Diazoluminol* 7.910” 1.34 
Diazoluminolt 3.8 x 10° 0.67 
Lumino-IgG conjugate 4.0x10° 0.70 
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Luminol-IgG conjugate was prepared by diazotising 200 mg of 
luminol in 20 ml ice-cold 2.4M HCI with 200 mg NaNOz. Ice-cold 
borate buffer (50 ml 0.5 M, pH 8.5) was added and the pH adjusted to 
8.5. Fourteen mi of this solution was added to 8.5 ml of a solution 
containing 1 g of an IgG fraction, prepared by sodium sulphate pre- 
cipitation of a sheep anti-rabbit IgG antiserum (code SB 82/2) in borate 
buffer (0.5 M, pH 8.5). The molar ratio of luminol: IgG was calculated to 
be approximately 30:1. The mixture was allowed to stand for 18h at 
4 °C to enable coupling to occur. Unconjugated luminol was removed by 
extensive dialysis against 0.2M borate buffer pH 8.0 and stored as 
0.5 mi aliquots at ~20°C. Samples (10 pl) were removed at stages 
during the preparation of the conjugate and diluted (1/100~-1 /1,000) 
with 0.1 M NaOH. Luminescence was measured as follows. Aliquots 
(10 wl) of the diluted samples were added to 1 ml of 0.1 M NaOH in 
polystyrene tubes. 5.4 mM H,O, (100 pl) was added and after mixing 
the reaction tube was placed in the reaction chamber of the digital 
photon counter. The reaction was initiated by addition of 1 ml 1.0 mM 
NaOCl in 0.1 M NaOH solution. Counts were accumulated for a period 
of 20s. After correction for volume changes values were calculated to 
give total recovered counts. 

* Immediately on preparation. 

+ After overnight incubation at 4 °C in 0.2 M borate buffer (pH 8.5). 
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Fig. 1 Time course of light emission from luminol (@) and 
luminol-IgG conjugate (©). The luminol-IgG conjugate was pre- 
pared as described in Table 1, and purified before use by affinity 
chromatography using an immunoadsorbent (ImAd) prepared 
from rabbit IgG coupled to a diazonium salt of powdered cellu- 
lose'*. After reaction overnight at 4°C the ImAd~antibody 
complex was washed free of unbound label using 0.05 M veronal 
buffer, pH 8.2 containing (w/v) 0.1% bovine serum albumin, 
0.05% sodium azide 0.002% non-immune sheep IgG (NISH 
buffer). After washing with water to remove the buffer, luminol- 
labelled antibody was eluted by reduction of the pH to 2.0. The 
supernatant was buffered to pH 8.2 using an equal volume of NISH 
buffer at double strength with respect to all constituents. The 
luminescence was quantitated as described in Table 1. In this case 
the rate of light emission was plotted on a chart recorder. Values 
taken from this graph were plotted as the natural logarithm against 
time (in seconds) from the start of the reaction. 


ratios in excess of 40 mol luminol per mol IgG the product 
precipitated on storage. The labelled product was freed of 
unreacted luminol by extensive dialysis and purified 
subsequently by affinity chromatography using a rabbit IgG 
jmmunoadsorbent. The purified product prepared by reacting 
IgG of the sheep anti-rabbit IgG antiserum with a 30-fold molar 
excess of diazoluminol contained 22 mol luminol per mol IgG. 

Figure 1 compares the time courses of light emission from 
luminol and the luminol-antibody conjugate. The two materials 
were tested in identical conditions as the rate constant for light 
emission is dependent on the concentration of H,O- and cata- 
lyst®. Luminol conjugated to IgG had a significantly higher rate 
constant than luminol itself. When the luminescent material was 
the limiting reactant, the decay phase of the light-emitting 
reaction was an exponential curve with a rate constant of 
0.073 s™! for conjugated luminol and a value of 0.014s”' for 
luminol itself. The reason for the increase in reaction rate of 
conjugated luminol is not yet clear. It is possible that some 
structural alteration in the ligand has taken place. 

In these experiments we have quantified the luminescent 
material by measuring accumulation of counts during a 20-s 
period. It is apparent from Fig. 1, however, that in the conditions 
used for these experiments, the rate of emission of light from the 
reaction is first order with respect to the luminol concentration. 
It is therefore possible to quantify the luminescent material by 
measuring the maximum reaction rate over a short period, for 
example 2s. 

The immunological reactivity of the luminol-labelled sheep 
anti-rabbit IgG antibody was assessed by a radioimmunoassay 
using solid phase rabbit IgG and '**I-labelled sheep anti-rabbit 
IgG antibody. Through a series of dilutions (1/1 to 1/1,000 with 
respect to the antiserum) no difference could be detected 
between the luminol-labelled antibody and unlabelled sheep 
anti-rabbit IgG antibody in ability to bind antigen. 
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Using the luminol-labeliled sheep anti-rabbit IgG antibodies it 
was possible to develop a two-site assay’* for rabbit IgG. The 
procedure involved extraction of rabbit IgG on to polystyrene 
tubes coated with unlabelled sheep anti-rabbit IgG antibody. 
Uptake of the antigen was then determined by reacting with the 
labelled antibodies. Figure 2 shows standard curves obtained 
using luminol-labelled antibodies immediately after preparation 
(a) and after 9 months storage at —20°C (b) with a curve 
obtained with freshly prepared '*"I-labelled sheep anti-rabbit 
IgG antibody. The luminol-labelled antibody produced an assay 
of similar sensitivity to that obtained with the iodinated antibody 
but also showed no apparent loss of activity after storage for 9 
months. 

These results show that antibody molecules may be labelled 
with luminol without altering their immunological reactivity, 
and, despite losses in the quantum yield from the luminescent 
molecule, these antibodies may be used to develop a satisfactory 
immunological assay. Moreover, the time course of light emis- 
sion from the labelled derivative is rapid enough for accurate 
measurement to be made within 2s of the initiation of the 
luminescent reaction. Finally, the stability of the labelled anti- 
body is such that assays may be carried out over long periods (at 
least 9 months) with no apparent loss of performance. 

The development of chemiluminescent labels offers 
considerable potential for improvements in immunoassay tech- 
nology and in other areas of biochemistry and histology where 
there is a need for biologically active high specific activity labels. 
Because they are stable, such reagents can be produced in bulk. 
This has important implications in terms of cost and quality 
control of assays. The ability to carry out extremely rapid 
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Fig. 2 Standard curves obtained in a two-site assay of rabbit IgG 
using luminol-labelled and 1257 labelled (A) sheep anti-rabbit IgG 
antibody. Assays were carried out with freshly prepared luminol- 
labelled antibody (@) and the same reagent after nine months 
storage at —20°C (W). Antibodies purified from antiserum 
SB 82/2 by means of affinity chromatography with rabbit [gG 
ImAd, were incubated in polystyrene tubes in 0.1 M carbonate 
buffer pH 9.6 at a dilution equivalent to 1: 85 of the original serum, 
to prepare a solid phase derivative . After coating, the tubes were 
washed with 0.1% bovine serum albumin in 0.15M sodium 
chloride solution containing 0.1% thiomersal, and stored empty at 
-20 °C. In the assay procedure, standard solutions of rabbit IgG in 
NISH buffer (half strength) were added to the tubes and incubated 
overnight at 4 °C. Then, either luminol or '*5]-labelled antibodies 
purified as described in Fig. 1 were added. After a further overnight 
incubation at 4°C, the tubes were washed again in NISH buffer 
(half strength) and either counted in an automatic gamma 
spectrometer or assayed for luminescence activity as described in 
Table 1. 
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Table 2 Incorporation of luminol into luminol-IgG conjugate 








Initial TCA Molar 
luminol /IgG precipitated‘ ratio of 
ratio Aaso Aaso (%) luminol: IgG? 
0 0.000 0.000 
5 0.172 0.098 43.0 2.15 
10 0.199 0.067 66.3 6.63 
20 0.228 0.074 67.5 13.5 
50 0.419 0.077 81.6 40.8 
100 0.758 0.127 83.25 83.25 





Lumino] and diazoluminol are both soluble in TCA solutions. Both 
compounds absorb strongly at 450 nm. 

2 Absorbance (450 nm) of conjugate after coupling, before dialysis. 

? Absorbance (450 nm) after precipitation of protein by addition of an 
equal volume of 15% trichloroacetic acid (TCA). The supernatant was 
buffered to pH 8.5 and a correction made for volume change. 

*(1—b/a)x 100%. 

4 -/100 x initial ratio. 


quantitation of label is likely to prove an important factor in the 
organisation of assays involving large sample numbers, for 
example screening programmes. Finally, the quantitation of 
chemiluminescence offers a major advantage, particularly with 
respect to sensitivity, over other non-isotopic labels (for exam- 
ple fluorescence) in that detection is made against a background 
which is theoretically zero. 
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Introns in the chicken ovalbumin 
gene prevent 
ovalbumin synthesis in E. coli K12 


IT has recently been discovered that some eukaryotic genes are 
split, the mRNA coding sequences (exons) being interupted by 
intervening sequences (introns) of unknown function’™. In all 
cases examined, these split genes are ‘transcribed into an RNA 
precursor which is then matured by a splicing mechanism*~* 
Because. this type of gene structure has not previously been 
found in bacteria, it is generally believed that split genes cannot 
be expressed in Escherichia, but there are no facts to support this 
assumption. We demonstrate here that the presence of introns in 
the chicken ovalbumin gene prevents ovalbumin synthesis in 
E. coli K12. 

The chicken ovalbumin gene is split into eight exons (desig- 
nated 1 to &) separated by seven introns (named A to G)*”""”. It 
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is transcribed into an RNA precursor (at least) 7,600 nucleotides 
long, which is then spliced into ovalbumin mRNA (ov 


mRNA)°**. We. have isolated, by molecular cloning in E. coli 
K12, chicken DNA segments which carry part of the gene or the 
entire gene’~'*. We have also constructed plasmids which carry 
synthetic double-stranded DNA sequences complementary to 
ov mRNA (ov ds cDNA) and are devoid of introns’’. In one of 
these plasmids, pPOMP2, the ovalbumin sequence was fused in 
phase at the beginning of the E. coli gene coding for B- 
galactosidase, the fifth amino acid of ovalbumin (from the 
NH,-terminal part of the protein) being connected to the 
seventh amino acid of B-galactosidase'*. We have shown (as 
have others’’) that E. coli cells harbouring the recombinant 
plasmid synthesise large amounts of an ovalbumin-like product, 
which resembles ovalbumin in size and reactivity with oval- 
bumin-specific antibodies. We have manipulated the fused lac- 
ovalbumin sequence and introduced into it some of the introns 
present in the natural gene so as to assess their influence on the 
synthesis of the ovalbumin-like product. š 

There are two sites for the restriction endonuclease Sst] in ov 
ds cDNA, 378 base pairs apart, located at nucleotides 116 and 
494 in the ov mRNA sequence*''. In the natural gene, these 
sites are located in exons / and 4, respectively, and separated by 
1,612 base pairs which include introns B, C and D (refs 8, 11). 
The substitution of this 1,612-base pair fragment in place of the 
378-base pair one in the lac-ovalbumin sequence will thus 
result in the introduction of three introns of the natural gene. 
This was acheived as depicted in Fig. 1: because pOMP2 has an 
additional SsrI site (in a sequence originating from phage A (ref. 
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18)) we first extracted the lac regulatory region with the lac- 
ovalbumin fusion by digestion with Hhal. The resulting 2.67- 
kilobase fragment was introduced into partially digested 
pBR322, cut only once by Hhal. The resulting plasmids, like 
pOMP2, produced large amounts of ovalbumin-like protein in 
E. coli. One of these, pPOMP21, was selected for further studies. 
The 378-base pair Sst] fragment of pPOMP21 was substituted by 
the 1,612-base pair Sst] fragment extracted from the cloned 
EcoRI fragment ‘b’ of the ovalbumin geneë. We thus obtained 
POMP23 in which introns B, C and D were correctly orientated 
for transcription from the lac promoter (see Fig. 1 legend for 
mapping of this plasmid). E. coli harbouring pOMP23 was then 
tested for the production of ovalbumin-like protein by a 
radioimmunoassay. As shown in Fig. 2, POMP21 (as pOMP2) 
makes large amounts of an ovalbumin-like product, whereas no 
ovalbumin-like product is detectable in the pOMP23 assay, 
even with concentrated bacterial extracts—at least 3,000-fold 
less than pOMP21, that is, less than three molecules per 
bacterium in the experiment shown. 

We next investigated whether this negative result could be 
due to inadvertant mutational changes during the construction 
of pOMP23. The SstI 1,612-base pair fragment was excised 
from pOMP23 and replaced by the 378-base pair Sst] fragment 
extracted from ov ds cDNA. Where the insertion occurred in the 
proper direction, pPOMP26 again produced large amounts of 
ovalbumin-like protein (not shown). This does not exclude the 
possibility that mutations occurred in the 1,612-base pair frag- 
ment. The latter, however, was isolated from the same cloned 
EcoRI ‘b’ fragment of the ovalbumin gene which was sequenced 





Fig. 1 Introduction of introns B, C and D into the lac-ovalbumin sequence. a, Restriction maps of the fused lac-ovds cDNA sequence and of the ovalbumin EcoRI 
‘b’ fragment (see also refs 11, 14, 15). The Hhal site in the lac regulatory region lies immediately after the TGA stop signal at the end of the lac I gene’. The Hhal site 
in exon 1 isthe one used to construct the lac-ovalbumin in fused sequence in POMP? (refs 8, 18). b, Map of the plasmids pPOMP2, pOMP21 and pOMP23, pOMP2 andits 
related plasmids have 32 Hhal sites”'. Only those used to excise the lac-ovalbumin sequence are shown, The construction of pOMP23 involved the following steps: 
20 ug of pPOMP2 DNA were digested to completion by Hhal (Biolabs: 25 units; 30 min at 37 °C) and the reaction was stopped by heating to 65 °C for 10 min in the 
presence of 10 mM EDTA. The reaction mixture was loaded on a 5-20% sucrose gradient (w/v in 25 mM Na acetate, pH 6.0, 10 mM EDTA, 0.5% SDS) and 
centrifuged at 31,000 r.p.m. for 16 h at 20 °C in a SW41 rotor of a Beckman ultracentrifuge. The 2.67-kilobase fragment carrying the fused lac-ovalbumin sequence 
could thus be purified from the other, much smaller fragments of pPOMP2. pBR322 (ref. 21) DNA (20 ug) was partially digested by Hhal. Enough enzyme was added 
to convert about half of the supercoils into linear molecules, which were purified by centrifugation through a 5-20% sucrose gradient (w/v in 10 mM Tris-HCl, pH 
8.0, 100 mM NaCl, 1 mM EDTA; 4 h at 40,000 r.p.m. and 20 °C ina SW41 Beckman rotor). 200 ng of the 2.67-kilobase lac~ovalbumin Hhal fragment and 150 ng of 
linearised pBR322 were ligated with T4 DNA ligase at 4 °C in a final volume of 5 ul in 40 mM Tris, pH 7.5, 10 mM MgCl, 10 mM dithiothreitol, 0.1 mM ATP, 
0.05 mg ml”' bovine serum albumin. After transformation of CaCl,-treated lysogenic cells of strain 1398 (ref. 22), transformants were selected on ampicillin- 


+ 


containing plates (20 ug mi~’) and screened by in situ hybridisation’ with a >*P-labelled probe specific for the ovalbumin sequence (the Hhaov probe’). Positive 
colonies were then tested for ovalbumin production in the same radioimmunoassay as before'®. All the clones positive in in situ hybridisation were also positive in this 
assay. Plasmid pOMP21 was arbitrarily chosen for further studies, and transferred into the non-lysogenic strain C600rk mk". pOMP21 (5 pg) was then digested by 
Ssi (BRL, 2.5 h at 37 °C) and centrifuged in a 5-20% sucrose gradient (v/w in 10 mM Tris-HCI, pH 7.4; 20 mM NaCl: 1 mM EDTA; 45,000 r.p.m. for 140 min at 
20 °C in a SW 50.1 Beckman rotor). The 6.65-kilobase fragment was treated with calf intestine alkaline phosphatase"; of this, 133 ng was ligated by T4 DNA ligase in 
a final volume of 5 ul, with 100 ng of the 1.61-kilobase fragment released after digestion by Sstl of pBR322 carrying the EcoRI ‘b’ fragment of the ovalbumin gene. 
After transformation of C600rk”mk*, 12 ampicillin-resistant clones were analysed. Purified clear lysates were treated by Hhal and examined for the presence of the 
3.9-kilobase fragment containing introns B, C and D. In such clones, the orientation of the integrated 1.61-kilobase fragment was determined by digestion with Psd 
and Hhal. The unique Psi site in the ovalbumin sequence lies at nucleotide 477 in exon 4 close to one end of the integrated fragment. In such analyses, plasmid 
pOMP?23 yielded fragments of 2.13 and 1.78 kilobases (instead of 0.19 and 3.72 kilobases in the reverse orientation), demonstrating proper orientation of introns B, 
C and D. More precise mapping of plasmids pPOMP21 and pOMP23 was achieved by the use of Psi, BamHI and Sacl. It indicated that the lac-ovalbumin fused 
sequence was most probably integrated into the Hhal site located at nucleotide 2,351 of the pBR322 sequence**. Replacement of the 1,612-base pair fragment of 
pOMP23 by the 378-base pair ov ds cDNA segment was carried out by the same procedures as above, except that SacI was used instead of its isoschizomer Ssi (ref, 
23). The letters $, P, E, B, H and Hh refer to Ssd, Psd, EcoRI, BamHI, HindIH and Hhal sites, respectively, 
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Fig. 2 Synthesis of ovalbumin-like protein by pOMP21 and pOMP23. 
C600rk “mk” (pOMP21) and C600rk”mk* (pOMP23) were grown over- 
night in L broth supplemented with 20 ug ml”! ampicillin, diluted into fresh 
medium containing 1 mM isopropylthiogalactoside, grown to about 4 x 10° 
cells per ml, concentrated about 100-fold, and sonicated twice for 30s as 
before'®. The procedures for iodination of ovalbumin, purification of anti- 
bodies and radioimmunoassays have been described previously’. In the 
experiment shown, the dilution of antiserum chosen was able to precipitate 
30% of the iodinated ovalbumin (8,). Results are expressed as B/B,, the 
ratio between the c.p.m. precipitated in the presence or the. absence of 
competing material (blanks being subtracted each time). B was ineasured in 
duplicate and B, was the average of four determinations. ©, Results 
obtained with pure ovalbumin; x, those obtained with pOMP?21, represent- 
ing the synthesis of about 6,500 molecules per bacterium. @, Results 
obtained with pOMP23. Similar results are obtained in various hosts. 
C600rk “mk” carries the supE suppressor for amber mutations. 


by K. O'Hare et al. (personal communication), and where the 
sequence of the various exons matched those of ov MRNA. It 
thus seems unlikely that inadvertant mutations cause the defect 
in expression of the ovalbumin-like product. Instead, we 
conclude that the introduction of introns B, C and D in the fused 
lac-ovalbumin sequence blocks the expression of ovalbumin- 
like product in E. coli. 

The sequence data of K. O'Hare et al. indicate that introns B 
and C are 252 and 582 base pairs long (84 and 194 triplets, 
respectively) so that their presence will not alter the reading 
frame. In contrast, intron D consists of 401 base pairs (133 
triplets plus 2 base pairs) and will cause a frameshift. (The 
sequence data of Robertson et al.*, obtained with another 
cloned DNA, show some differences; in their case, intron C 
would also cause a frameshift.) Further, intron B contains one 
nonsense codon (TGA), intron C shows 12 nonsense codons 
(four TAA, three TGA and five TAG) and intron D contains 
three TGA and three TAA stop signals. All these nonsense 
codons are in the same reading frame, and although the bacterial 
host used had some suppressing capabilities (see legend to Fig. 
2) it is unlikely that efficient suppression could occur. Because, 
in addition, intron D causes a frameshift, any synthesis of 
ovalbumin-like product in E. coli would probably result from 
the splicing of intron sequences from the primary RNA tran- 
script. The mechanisms involved in RNA splicing in the higher 
eukaryotes are still poorly understood. It is possible that addi- 
tional, unknown eukaryotic genetic elements could promote 
splicing in E. coli. Also, we cannot rule out the possibility that 
the simultaneous presence of the seven introns of the ovalbumin 
gene is a prerequisite for splicing in E. coli. It seems very likely, 
however, that splicing does not readily occur in E. coli, and that 
the isolation of split genes or the production of the correspond- 
ing proteins cannot be based at this stage on their expression in 
E. coli. 

Biohazards associated with the experiments described here 
were examined by the French National Control Committee. We 
thank Dr P. Chambon, K. O'Hare, C. Benoist and R. Breath- 
nach for communicating unpublished results (especially 
sequence data) and for interesting discussion, Dr F. Rougeon for 
enzymes, Mrs O. Le Bail for technical help and Professor Fauve 
for the use of his y counter. This work was supported by grants 
from CNRS (ERA No. 201 and ATP No. 3558), INSERM 
(CRAT No. 76.4.310 and 76.4.465), FRMF and DGRST. 
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About 30% of minute virus 
of mice RNA is 
spliced out following polyadenylation 


MANY viral and eukaryotic messenger RNAs have been shown 
to contain blocks of sequence which, although adjacent to one 
another in the RNA, are copied from non-contiguous regions of 
the genome that are joined together post-transcriptionally. This 
phenomenon of RNA splicing has been shown to occur during 
the processing of several DNA and RNA tumour viruses)” and 
cellular” "° mRNAs. The mechanism by which splicing is carried 
out has not been elucidated, and any direct approach is compli- 
cated by the elaborate splicing patterns found in the systems 
which have been examined so far. We have extended these 
studies of RNA splicing to a potentially simpler viral system, the 
minute virus of mice (MVM), a non-defective member of the 
parvovirus group. The members of this group are considered to 
be among the simplest of the animal viruses, and comprise an 
icosahedral virion made from three structural protein species, 
containing one linear single-stranded DNA chromosome of 
~1.5x 10° molecular weight (for review see ref. 11). The MVM 
DNA molecule contains a stable hairpin duplex at its 5’-end and 
a 3’-terminal structure suitable for priming complementary 
strand synthesis in vitro'?’*. Little is known about the tran- 
scription process in parvoviruses. The only cytoplasmic mRNA 
species found for adeno-associated virus (AAV), a member of 
the defective subgroup, is a transcript of 70% of the genome 
which has been shown by in vitro translation to code for the three 
capsid proteins’ 4 ‘The one study of transcription.carried out in 
the non-defective subgroup. has identified an analogous RNA 
species in Kilham rat virus (KRV)-infected cell cytoplasm which 
is complementary to 70% of the viral strand and sediments as a 
single component at about 18S (ref. 15). We report here our 
attempts to determine the sequence arrangement of MVM RNA 
by examining, in the electron microscope, hybrids formed 
between the abundant species of nuclear and cytoplasmic 
poly(A)” RNA and single-stranded genomic DNA. We have 
found that about 30% of MVM RNA is spliced out following 
polyadenylation. 
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=a 1 Electron i Sale and their tracings of intel formed 
between nuclear poly(A)" RNA and MVM DNA. A-9 cells, 
a derivative of the mouse L-cell line (3 x 10’ cells) were infected 
with 1-2 plaque- -forming units per cell of plaque-purified strain T 
of MVM. Â! 20h p.i., nuclear and cytoplasmic fractions were 
prepared’®, and RNA extracted’” and fractionated on oligo(dT) 
cellulose columns to poly(A)” and poly(A) molecules. Genomic 
single-stranded DNA was extracted from purified virions'’. The 
RNA was precipitated in ethanol with the genomic single-stranded 
DNA (0.5 pg). The pellet was collected by centrifugation and 
resuspended in 66% (v/v) of repurified formamide, 3M urea, 
20 mM EDTA and 0.2 M Tricine-NaOH, pH 8.1. The hybridisa- 
tion mixture was incubated at 37 °C for 6 h. Samples were prepared 
for visualisation in the electron microscope as detailed by Bratosin 
et al.**. Scale bar, 0.5 um. 


Hybrids were obtained by annealing poly(A)” nuclear RNA 
and MVM genomic DNA. Figure 1 shows the appearance of 
representative RNA-DNA structures with their schematic trac- 
ings. Molecules of unit length MVM DNA were selected and 
examined for single- and double-stranded regions. Of more than 
100 molecules scored, at least 95% exhibited double-stranded 
appearance over the entire length of the DNA. It should be 
emphasised, however, that the present analysis would not detect 
single-stranded regions of less than 50 nucleotides. Each hybrid 
examined shows a short Y-shaped structure at one end, consis- 
ting of one double-stranded and one single-stranded arm. The 
lengths of the two arms support the assumption that the double- 
stranded arm is the 130-base pair hairpin known to be at the 
5'-end of the viral DNA" and that the single-stranded arm 
represents at least in part the poly(A) on the 3'-end of the RNA. 
The opposite end of these hybrid structures exhibit, in 50% of 
molecules examined, a short single-stranded region of up to 150 
nucleotides, suggesting that the initiation of transcription might 
occur in a number of alternative sites. In this context it is 
noteworthy that SV40 nuclear and cytoplasmic RNAs have 
various 5'-terminal sequences*’*'. As the complete (or almost 
complete) double-stranded hybrids formed with nuclear RNA 
are by far the most abundant structures observed in the electron 
microscope, it seems that poly(A)* nuclear RNA is a complete 
(or almost complete) transcript of the genomic DNA, and 
suggests that it is the precursor for cytoplasmic poly(A)” 
mRNA. Moreover, because the template for transcription is at 
least in part a linear DNA molecule (unpublished results), we 
conclude that transcription is always initiated within a region 
located at the extreme 3’-end of the viral chromosome. This 
correlates well with the proposed structure of the nuclear pre- 
cursor for the AAV messenger RNA“ 

RNA was extracted from the cytoplasmic fraction of MVM- 
infected cells at 20h post-infection (p.i.). Poly(A)” RNA was 
selected by chromatography on oligo(dT) cellulose columns. 
About 25% of *H-uridine-labelled poly(A)* cytoplasmic RNA 
(labelled 16-20 h p.i.) hybridised with genomic DNA, indicating 
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that the viral RNA comprises a substantial fraction of the 
poly(A)” RNA present in the infected cells. 

Hybrids were obtained by annealing the poly(A)" cytoplasmic 
RNA and MVM genomic DNA. Figure 2 shows the appearance 
of representative RNA-DNA structures with their schematic 
tracings. As in the analysis of nuclear RNA, hybrids containing 
unit length MVM DNA were selected and examined for single- 
and double-stranded regions. Of about 100 molecules scored, 
more than 85% exhibited one short and one long arm of duplex 
with an intervening single-stranded DNA loop. As with the 
hybrids containing nuclear RNA, one end, that of the long 
duplex arm, has a short Y-structure comprising one double 
strand and one single strand, which we again postulate is the 
3'-end of the RNA. As with the nuclear RNA-DNA hybrids, the 
opposite end, that of the shorter duplex arm, exhibited a short 
single-stranded region in many of the molecules examined. The 
observation made with the nuclear and cytoplasmic poly(A)" 
viral RNAs suggests that the MVM poly(A)* cytoplasmic RNA 
is a spliced molecule composed of two parts: a short ‘leader’ and 
a longer ‘body’. The single-stranded DNA loop (see Fig. 2) 
contains the intervening template for RNA sequences which are 
present in the nuclear poly(A)” RNA and have been spliced out 
in the cytoplasmic poly(A)” RNA. The analysis of nuclear and 
cytoplasmic RNAs also indicates that the sequence of 
modifications during mRNA maturation is polyadenylation 
followed by splicing. We have measured the three parts on the 
RNA-DNA structures shown in Fig. 2 and the results of these 
measurements are presented in Fig. 3. Sharp histograms were 
obtained for each of the three parts: the leader spans 8.8+ 1.2% 
of the structure, the single-stranded DNA loop (or intron) spans 
29.3+2.4% of the structure and the body spans 61.8+ 2.3% of 
the structure. The map coordinates of each part of the structures 
are represented in Fig. 3b. 

The present study does not indicate whether the poly(A)" 
cytoplasmic RNA which we have analysed is the only viral RNA 
present in the infected cells. However, if there are other RNA 
species coded for by the viral strand, its abundance should be 
less than 15% of this species. Similar analysis of poly(A) RNA 
from infected cells revealed only a minor fraction of short 
heterogeneous RNA-DNA hybrids, with no accumulation of 
any particular length. 

It is thought that the MVM genome has a small number of 
structural genes, perhaps el one’ć. The coding capacities of 
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Fig. 2 Electron micrographs and their tracings of hybrids formed 

between cytoplasmic poly(A)” RNA and MVM DNA. Cytoplas- 

mic poly(A)” RNA was prepared, annealed with genomic DNA 

and visualised in the electron microscope as detailed in Fig. 1. Scale 
bar, 0.5 um. 
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Fig.3 a, Histograms of the leader, intron and body obtained from 

analysing structures as shown in Fig. 2. One map unit (MU) 

corresponds to 1% of the length of the entire structure. $ Shows the 

coordinates of each part on the viral DNA. The 3’- and 5’-ends of 

the genomic DNA were taken as 0 and 100 MU, respectively. 

Leader, 8.84 1.2 MU; spliced out, 29.3+2.4 MU; body, 61.8+ 
2.3 MU. 


the leader and body of the poly(A)” RNA are about 12,000 and 
90,000 daltons, respectively. If only the body codes for poly- 
peptides, as in adenovirus’ and SV40 late mRNAs’, then it 
could code for polypeptide A (83,000 daltons) and protein B 
would be processed from this. If this is true then the viral mRNA 
would represent only about 70% of the viral genome and its 
primary transcript. Elucidation of the role of the remaining 30% 
of the primary transcript would be of great interest. 

It is possible, however, that the MVM genome contains 
several genes, as a result of more than one functional initiation 
or termination site during translation. In this respect, it is 
noteworthy that splicing of RNA sequences at the post-tran- 
scriptional level could give rise to several functional mRNAs 
from the same precursor RNA, as has been found for $V40 early 
mRNAs”. These mRNAs could be translated in the same 
reading frame or switched from frame to frame. 

The splicing of MVM RNA described in the present study 
resembles that of the mRNAs of other viruses and of eukaryotic 
cells but seems to be considerably less complex. Therefore, the 
transcription and processing of parvovirus mRNA provides a 
very useful model system for studying the mechanism of splicing 
and the physiological significance of this novel process in animal 
cells. 
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RNA polymerase unwinds an 
11-base pair 
segment of a phage T7 promoter 


WHEN RNA polymerase binds to a promoter site, it must 
unwind part of the DNA double helix so as to expose the 
template bases. Wang et al.', Melnikova et al.” and Hsieh and 
Wang’ have used different experimental techniques to measure 
the degree of unwinding. Their estimates range from 7 (ref. 1) to 
15 (ref. 2) base pairs unwound per bound Escherichia coli RNA 
polymerase (EC 2.7.7.6). These studies, however, do not estab- 
lish which part of a promoter is melted out. A new technique 
described here directly proves unwinding and furthermore 
identifies the exact region that RNA polymerase opens in the 
A3 promoter of phage T7. This promoter is one of three strong 
E. coli RNA polymerase promoters used early in the life cycle of 
phage T7 (ref. 4). 

Dimethyl sulphate (DMS) methylates the N-7 position of 
G and the N-3 of A on double-stranded DNA’. On single- 
stranded DNA, however, the N-1 of A and to a much lesser 
extent, the N-3 of C can also be methylated’; these positions are 
not accessible on double-stranded DNA because they are 
involved in hydrogen bonding (Fig. 1). 

My technique takes advantage of this difference between 
single and double stranded DNA. First, I isolate the promoter 
on a restriction fragment which carries a **P label on the 5’-end 
of one strand only®. Then a complex between RNA polymerase 
holoenzyme and this promoter fragment is exposed to DMS. 
Wherever the RNA polymerase has unwound the double- 
stranded DNA, the N-1 position of A can be methylated. 
Precipitation of the DNA removes the RNA polymerase, allow- 
ing the two DNA strands to renature, except where the N-1 of A 
is methylated. The'single strand-specific nuclease, S4, which cuts 
at unpaired bases’, will cut the DNA strand at mismatched A 


Fig.1 AT base pair show- 
ing sites of methylation (see 
text. 





© Macmillan Journals Ltd 1979 


652 


and T bases created by methylation. This generates labelled 
strands, which terminate at the S, cutting sites. When the S, prod- 
ucts are electrophoresed on a denaturing polyacrylamide gel® 
next to the sequence of the labelled strand, the lengths of the 
labelled S,-cleaved strands identify the base pairs which were 
originally melted out by RNA polymerase. 

Figure 2 shows an autoradiogram of such an experiment. The 
promoter fragment is an Hhal-Alul fragment of phage T7, 
carrying the A3 promoter, with transcription proceeding 
towards the Alul end*. As the Hhal end was labelled, Fig. 2 
shows the S, cuts on the sense strand. Due to the 3'-overhang at 


R*S7 RTS? GA 


R*s* RS” 





ss ct 


Fig. 2 Autoradiogram of a 12% polyacrylamide, 7 M urea gel® with the S, 
nuclease digest of the A3 promoter fragment, which was previously methyl- 
ated while complexed with RNA polymerase, in lane (R+S$+). In the 
control lanes either S, (R +S—) or RNA polymerase (R— $+) or both S, and 
RNA polymerase (R-S—) were left out of the otherwise identical pro- 
cedure. In another control, the DMS methylation was omitted from the 
protocol and again no S, cleavage was observed (not shown here). The G/A 
lane represents the sequence of the fragment according to the ‘G greater 
than A’ method of Maxam and Gilbert“. The numbers indicate positions of 
the promoter sequence (see Fig, 3). A 0.5~1-yg sample of the 155-base pair 
long Hhal-Alul fragment was preincubated with 9-10 ug of RNA poly- 
merase holoenzyme (greater than 90% saturation with the ao subunit) in 
100 yl of binding buffer (0.01 M MgCl,, 0.1 mM EDTA, 1 mM dithioth- 
reitol, 50 mM Na cacodylate pH 7.3, 0.05 M KCl) for 1-2 min at 37 °C. Then 
3-4 pl of a 10.4M DMS solution were slowly added during the reaction, 
which was quenched (see ref. 6) after 3 min by adding 100 ul of 1M 
mercaptoethanol, 1% SDS and 2M NH, acetate, pH 5 (acidic conditions 
stabilise the labile N-1-methyl of A (ref. 5)). After precipitation with 2.5 
volumes ethanol, the DNA was digested with approximately 4 units of S, 
nuclease in 50 ul of S, buffer” (0.03 M Na acetate, pH 4.6, 0.05 M NaCl, 
1 mM ZnSO,, 5% glycerol) for 1 min at 37°C. The reaction was stopped 
with EDTA and SDS. 
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Fig. 3 A3 promoter sequence*. The canonical sequences* of the Pribnow 
box and the —35 region homologies, the initiation site and the unwound 
region are shown. 
the Hhal site, the 5'-label here should not be accessible to S, 
attack; nonetheless, about 25% of the counts cannot be pre- 
cipitated after S, incubation, which may reflect ‘breathing’ of the 

ends. 

The experiment in Fig. 2 visualises the unwound region in lane 
(R+S+) and shows it to be an 11-base pair segment extending 
from about the middle of the Pribnow box, a region of strong 
promoter homology’, to just past the initiation site (Fig. 3). The 
same limits appear in the analogous experiment with the 
antisense strand (labelled at the Alul end) (data not shown). This 
proves that there was no significant nibbling back by S, at the 
nicks, as that would shorten the size of the S,-cleaved strands 
and, therefore, shift the limits for unwinding towards the 5'- 
labels of either strand. The blurring of the bands is probably due 
to extensive methylation which will insert extra positive charges. 

S, cuts appear at almost every position of the unwound region 
(except around the two successive CG base pairs). Most prob- 
ably, the limited S, digestion causes cuts at either 5’- or 3'-side of 
a mismatched A or T, generating two labelled strand fragments 
which are separated by one nucleotide. This would account for 
S,-cleaved strands migrating with Cs or Gs of the sequence; no 
significant methylation at the N-3 of Cneed have occurred. (Due 
to the 3'-OH end of S,-cleaved strand fragments’, they will 
migrate slightly more slowly than the corresponding sequence 
strand fragment, which ends in 3’P (ref. 9).) 

The unwound region I detect represents a minimum 
sequence, because if RNA polymerase were very tightly asso- 
ciated with the N-1 of an A: for example, it would prevent the 
methylation of that position and consequently the detection of 
such a melted base pair. Also, the CG base pairs bounding the 
unwound region may or may not have been opened. 

The experiment directly shows that RNA polymerase 
unwinds a region covering 11 base pairs of the A3 promoter. 
This agrees well with previous estimates’. The unwound 
region includes the initiation site and, more surprisingly, the 
latter half of the Pribnow box homology, suggesting that the 
Pribnow box may serve to initiate unwinding. I have probed for 
specific contacts between the A3 promoter and the polymerase 
with DMS and ethylnitrosourea according to techniques 
developed by Gilbert ef al. (ref. 10 and unpublished data). 
Almost all contacts identified lie upstream from the unwound 
region (unpublished). 

The new technique described here can detect any transiently 
opened AT base pairs; it should be useful in determining 
whether certain enzymes unwind DNA and, if so, which seg- 
ments of the DNA they unwind. 

I thank Walter Gilbert for advice and for help with the 
manuscript. This work was supported by an NIH grant (GM 
09541-17) to Walter Gilbert. 
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Analytical history of ornament 





The Sense of Order: A Study in the 
Psychology of Decorative Art. By 
E. H. Gombrich. Pp. 411. (Phaidon: 
Oxford, 1979.) £15. 





The Psychology of Decorative Art is 
the title of a book which has still to 
be written. That Gombrich should have 
used it as the sub-title of his latest 
essay in Art History is a pity for two 
reasons: first because it will mislead 
the reader as to what the book is really 
about; and second, because it has ap- 
parently misled the author into biting 
off more than he can chew. Despite 
its pretensions this book has very little 
of value to say about psychology. It 
has, however, a great deal to say about 
the more traditional subject matter of 
the art historian: craftsmanship, style, 
symbolism, tradition, patronage, and 
especially about what other critics 
have had to say about these things. 

The body of the book is an analyti- 
cal history of ornament. From time 
immemorial homo faber—man the 
serious-minded maker of useful arte- 
facts—has openly cohabited with a 
more flippant mistress: where he might 
otherwise have been content with ob- 
jects which were merely functional, she, 
his playful (and sometimes tiresome) 
muse, has persuaded him to decorate 
them. Her nature, it seems, abhors a 
visual vacuum; wherever she sees an 
empty surface, a hard edge. a simple 
corner, she yearns to overlay it or sur- 
round it with decorative patterns. So 
floors and walls are covered with geo- 
metrical designs; an arabesque runs 
around the cooking pot; the hilt of a 
sword is decked with jewels: stone 
columns are fluted and topped with a 
wreath of acanthus leaves; even the 
letters of the alphabet are adorned with 
knots and flourishes. 

Gombrich brings to bear on these 
and related examples of human eccen- 
tricity his unrivalled combination of 
erudition, curiosity and taste. The first 
chapters deal with the criticism of 
ornament, the cult of purity and the 
debates about design in Victorian Eng- 
land. Next the craftsman’s practice of 
pattern making is discussed as a res- 
ponse to the challenges of material, of 
geometrical laws and visual constraints. 
And, in perhaps the most intriguing 
sections of the book, the origins and 
fate of certam traditional motifs are 
followed through (the Paisley pattern, 
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the acanthus scroll, and others). An 
Epilogue reviews some of the analogies 
between the spatial orders of decora- 
tive design and the temporal patterns 
of the dance, of poetry and, notably, 
of music. 

Amidst all this there is, let it be said, 
a sprinkling of psychology, or what 
might less kindly be called ‘psycho- 
logising’. Reference is made (parti- 
cularly in three middle chapters) to 
“gestalt formation”, “selective atten- 
tion”, “information theory”, and so 
forth. But—and I do not think it is 
merely the closed-shop mentality of a 
professional psychologist which makes 
me say it--I found these excursions 
into experimental psychology for the 
most part trite, irrelevant or amateur. 
Although no-one has yet made a good 
job of linking art and psychology, 
Gombrich himself in his earlier book, 
Art and Hlusion, has already made a 
much better job of it than he does 
here. 

To the reader looking for a psycho- 
logical explanation of design, however, 
the biggest disapointment will come 
with the vacuity of the ‘biological’ 
arguments which Gombrich propounds 
at the beginning of the book. It may 
be true that man and other animals 
have an innate ‘sense of order’, and 
that they find order relaxing and a mild 
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degree of disorder interesting (ergo 
pleasurable?). But Gombrich does not 
present a convincing case for why this 
should be so; nor, having set out the 
thesis, does he draw any but the most 
banal conclusion from it—that people ` 
like what we already know they like. 
For me at least. it adds nothing to the 
understanding of man’s love of order 
to point out that “Nature around us 
is throbbing with complex rhythms, 
and these rhythms serve the purpose of 
life”. True, man’s heartbeat iy rhythmi- 
cal, and he would be dead if it were 
not; but, equally, his blood is red and 
he would be dead if it were not-~-and 
that surely does not explain why he 
prefers the colour red to blue. 

The book is finely illustrated, and, 
as always, Gombrich proves a brilliant 
guide as to what to see and why. I 
shall never look at the roof of King’s 


Chapel, or a William Morris wallpaper 


or a Paisley pattern tie in quite the 
same way again. But the way in which 
Gombrich succeeds in deepening our 
perception of these patterns is by tell- 
ing us more about their makers rather 
than by telling us more about our- 
selves. E 


N. K. Humphrey is Assistant Director of 
Research at the Sub-Department oj 
Animal Behaviour, University of Cam- 
bridge, UK. 
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Disaster strikes 
from the blue 
Peter J. Smith 


Earthshock. By Basil Booth and Frank 
Fitch. Pp. 257. (Dent: London, 
Toronto and Melbourne; Walker: New 
York, 1979.) Hardback £6.95, $11.95; 
paperback available from Sphere 
(London) in May, 1980. 

PADONNEN enna AATEC OSES 
WITHIN ten minutes of taking up this 
book I had come to two conclusions, 
both minor in themselves but both, it 
subsequently became clear, indicative 
of deeper malaise. The first was that 
someone has seen fit to impose a veneer 
of silly sensationalism on an already 
spectacular topic, presumably in the 
belief that a bit of spurious exaggera- 
tion does little harm to sales. It begins 
with the title. An earthshock, it seems, 
is simply a natural disaster. A short 
snappy title is all very well, and even 
to be applauded, but not at the expense 
of accuracy. As not all natural disasters 
(for example, glaciation) can be re- 
motely regarded as “shocks”, the 
authors are reduced to referring to 
“slow earthshocks’, which reminds me 
of that superb character of childhood 
rhyme, the “‘bare-footed man with 
clogs on [who] came slowly running 
past”. 

Then there is the lurid dust jacket, 
showing a huge “tidal wave” about to 
overwhelm a Manhattan-style environ- 
ment. Well, all right. More import- 
antly, however, there is the jacket 
blurb which asks, “can the Earth sur- 
vive?” and asserts that “A single great 
natural disaster . could destroy 
civilisation as we know it”. For a start, 
no-one outside Monty Python refers 
any more to “civilisation as we know 
it’, at least not without inviting 
ridicule. Yet the basic fault here is not 
some blurb-writer’s exuberance but 
the authors, who adopt the same tone 
in parts of the text. They begin the 
book, for example, with a crude five- 
page account of the destruction (in 
1987) of America’s eastern seaboard 
by a fireball and its aftermath, and 








subsequently discuss nation-scale disas- 
ter from a Serious scientific point of» 
view. Is it worth spending time think- ~ 


ing about such unlikely (but admittedly 
possible) catastrophes when we can- 
not even cope adequately with events 
that are more familiar? 

The second conclusion is that the 
book contains far too many flow- 
stoppers, ranging from the trivial to 
the more serious. The Earth’s crust, 
mantle and core are referred to 
throughout somewhat eccentrically as 


Crust, Mantle and Core. ‘‘Dilatancy” 
has become “dilatency’”. “Pangaea” 
appears as ‘‘Pangea’’—-a perfectly 
acceptable, indeed desirable, simplifica- 
tion in the context of the abolition of 
all ligatured diphthongs and their 
remnants, but presumably a mistake in 
a book that refers to aeolian, Palae- 
ozoic and palaeomagnetism (and even, 
in one place, the idiosyncratic “palaeo- 
magnetic’’). Imperial units (feet, miles, 
and so on) are used throughout with- 
out even the parenthetical acknowl- 
edgement of metric units—a disgrace 
when (outside North America) a whole 
generation of children has been brought 
up on metric units. And even more 
seriously, one is continually being 
brought up sharply by the almost im- 
penetrable: “However academic the 
study of plate movement may seem, 
its importance cannot be minimised”. 
What does this mean?-—-the very 
opposite of what it actually says? 

if that were the sole extent of the 
problem I could perhaps be accused of 
nit-picking. Unfortunately, however, 
the confusion goes much deeper, ruin- 
ing some good ideas in the process. For 
example, before tackling natural dis- 
asters as such, Booth and Fitch devote 
some 50 or so pages to spelling out the 
nature of the generally more gradual 
processes involved in the Earth’s 
behaviour. This is an excellent 
approach. All too often the authors of 
“popular” books on natural hazards 
give the impression that disaster strikes 
from the blue with little, if any, refer- 
ence to the context in which terrestrial 
events and processes can combine to 
produce catastrophe. But to cover this 
background in so short a space is 
difficult and needs careful planning. 
Booth and Fitch do not entirely 
succeed. This section is rather con- 
fused. dense in concepts and terms all 
too frequently inadequately explained, 
and thus likely to be hard going for 
the non-expert. 

The remainder of the book is de- 
voted largely to particular natural 
hazards—to their general character- 
istics and to specific examples of 
disasters they have generated. Here the 
going is easier. To me, these chapters 
become more and more engrossing as 
the material becomes less and less 
familiar during the progression from 


-earthquakes, through volcanoes, glacia- 
‘tion and flooding to extraterrestrial 


bombardment. But individual readers 
will hdve their own interests. To be 
objective about it, the book is probably 


the authors’ hearts: On subjects closer 
to my heart, on the other hand, respect 
for the facts is not always all it should 
be. The notorious Denver earthquakes 
of the 1960s were not noticed by US 
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Geological Survey scientists in 1966 but 
by the alarmed inhabitants of Denver 
some years before; and the cause of the 
shocks was discovered by David Evans, 
a consultant geologist, in 1965. More- 
over, the cause was not the injection 
into the ground of ‘industrial’ waste 
fluids but of military waste material. 
The emotional overtones of the affair 
were thus rather different. 

Some of the authors’ judgements 
are also questionable. To say, as Booth 
and Fitch do, that “If the scientists 
involved in this work [that is, earth- 
quake studies] are given sufficient en- 
couragement and adequate financial 
support there is no reason why earth- 
quake prediction should not become 
a routine matter within a decade” is 
really far too optimistic and therefore 
grossly misleading to the uninitiated. 
Indeed, it seems an unlikely prognosis 
even in respect of geologically com- 
paratively simple areas such as the San 
Andreas fault zone of California. 
Moreover, to give the impression that 
prediction is purely or even primarily 
a scientific problem is dangerous. The 
social implications of a viable earth- 
quake prediction capability are so 
complex that there must be real doubt 
whether non-totalitarian régimes could 
cope adequately with such a power 
without significant, and perhaps un- 
acceptable, changes in socio-political 
attitudes. 

Failure to give adequate attention to 
such factors is to demonstrate political 
naivety, a condition not uncommon 
among academic scientists. It is also 
naive to suggest, as Booth and Fitch 
do, that “the United Nations should 
have a single, comprehensive world 
natural disaster control agency with 
certain overriding powers, able to in- 
vestigate and prepare for all types of 
natural disaster anywhere in the world, 
ready to go in with the right kind of 
advice and aid immediately it is re- 
quired, without political let or hin- 
drance”, The United Nations has been 
conspiculously unsuccessful in almost 
everything it has ever tried to do 
precisely because such supranational 
authority is totally unacceptable to any 
nation of any consequence; and 
perhaps there is some merit in that un- 
cooperative attitude when one takes 
account of the motives of the supra- 
nationalists. As Booth and Fitch put 
it, “people must be prevented from 
falling victim to their own or other 
people’s stupidity and avarice by strictly 
enforced laws”. Nasty. 

Despite its descriptive merits, the 
long-awaited Earthshock is at best a 
disappointment and at worst a bit of a 
disaster. a 





Peter J. Smith is Reader in Earth Sciences 
at the Open University, Milton Keynes, 
UK. 


Nature 14 June 1979 


SAUTER DARREL D ORI HAA ARRAN Se MN Ea ra DU LL A ASL PHIRI ARAL AUR RAT SEW SRAM e A A N RAN EAA SLA NM SADA AES RASA SHY RAILROAD RAIN RAPA NEATORAMA ar m tom a 


Wiley 





THE THIRD EDITION 
Kirk-Othmer 
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Photomacrography: 





than ever before. 





WILD M400 PHOTOMAKROSKOP. 


No other photographic technique 
today is so reminiscent of the meth- 
ods of yesteryear’s pioneers in photo- 
graphy as is photomacrography 
(range 1:1 to 20:1). In the past, the 
bellows was unwieldy, setting the 
image scale complicated and calcu- 
lating the exposure time a long-drawn- 
Out operation. You literally had to 
grope for the object. Not what you 
would call efficient! And yet efficiency 
is just what is needed in science and 
technology where photomacrography 
is playing an ever more important 
role. 

Now Wild Heerbrugg has developed 
a new photomacrographic system, 
the Wild M400 Photomakroskop. 


Circle No. 11 on Reader Enquiry Card. 


Modern photographic technology and 
electronics guarantee a high degree of 
efficiency within the magnification 
range of 1:1 to 60:1. Magnification 
and detail can be continuously varied 
with the macrozoom objective 1:5. 
What's more, the M400 gives you 
binocular observation under optimum 
physiological conditions, an erect and 
laterally-correct image and a great 
working distance. The specimen 
remains in focus over the whole zoom 
range. The electronic control unit 
ensures ideal exposure time at the 
touch of a button, independently of 
camera format, film emulsion and 
illumination method. It’s easier and 
better than ever before. 


Wild Heerbrugg Ltd. 
CH-9435 Heerbrugg/Switzerland 
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Travelling 
through time 
Stephen Siklos 


PA ER HR URES 


Time Warps. By John Gribbin. Pp. 167. 
(Dent: London, Melbourne and To- 
ronto; Delacorte/Eleanor Friede: New 
York, 1979.) Hardback £5.95, $8.95; 
paperback available from Sphere (Lon- 
don) in September, 1980. 





Time Warps, the most recent addition 
to Dr Gribbin’s list of popular science 
books, is about time and time-travel. 
It is broad in its scope; it begins with 
a discussion of time-telling through the 
ages, ends with an excursion into 
Taoist philosophy and the 7 Ching, and 
touches on Special Relativity, black 
holes, precognitive dreams and reincar- 
nation in between. 

For the most part, the author does 
not claim to offer any new insights; 
rather, as he says, to present old ones 
in a logically ordered structure. These 
ideas have been collected either from 
other popular science books, or from 
science fiction literature, and the book 
is liberally sprinkled with direct quota- 
tions from these sources. The author’s 
own contribution consists of an ex- 
planation of déja-vu experiences, all 
forms of dreams, and reincarnation in 
terms of travel “sideways in time”. He 
postulates the simultaneous existence 
of all possible universes, and his theory 
is that dreams and similar phenomena 
arise from psychic contact with occur- 
rences in some other universe, perhaps 
one very similar to our own. The 
beauty of this is that it explains not 
only dreams which come true, but also 
those which don’t. Dr Gribbin may or 
may not be the first person to have 
thought of this idea. but as far as I 
know. he is the first to admit to it. 

This book is aimed at a wide non- 
scientific audience. It is therefore parti- 
cularly reprehensible that some of the 
most important scientific statements 
are wrong. For example, most of sec- 
tion H is based explicitly on the follow- 
ing incorrect argument. The steps are: 
(1) Einsteins Theory of General 
Relativity predicts that under some 
circumstances massive objects such as 
stars will collapse to form rotating 
black holes: (2) these black holes are 
described by tne Kerr metric: and (3) 
one can therefore travel through a 
rotating black hole into a new universe. 
Statements (2) and (3) are false. The 
misunderstanding arises because the 
Kerr solution contains paths connecting 
the interior of a black hole with other 
regions of the solution, which could be 


construed as new universes. Unfortu- 
nately, this solution is both vacuum 
(that is, it contains no matter) and 
stationary, so it does not represent a 
realistic collapse. Nor can it have a 
real observer moving in it (let alone a 
spaceship). Furthermore, perturbation 
analysis shows that solutions which 
resemble Kerr outside the horizon, but 
which could represent a realistic col- 
lapse and contain observers, cannot be 
extended through the inner horizon 
into a new universe. The point is that 
even infinitesimal deviations from the 
special symmetries of the Kerr solution 
(such as would be caused by the exist- 
ence of a particle of matter) drastic- 
ally alter the structure of the interior 
solution and destroy the supposed 
gateway to the new universe (see 
McNamara, Proc. R. Soc. 358, 499; 
1978), It is therefore generally believed 
that a rotating black hole singularity is 
not as Gribbin puts it “a different kettle 
of fish” from a non-rotating one-—it is 
the same kettle. Travellers falling 
through the horizon could never escape 
and would eventually be crushed. Ap- 
propriately, the incorrect claims made 
in the book are accompanied by the 
wrong diagram: the Penrose diagram 
of a non-rotating charged black hole 
is shown. 


The remaining passages about phy- 
sics are, on the whole, accurate. These 
include good introductions to elemen- 
tary quantum effects, and to the time 
dilation effects of Special and General 
Relativity, although even these are 
marred by a, grotesque analogy be- 
tween velocities and angles on a circle 
(v<c;6<360), and also by the state- 
ment that time for an astronaut in 
closed orbit goes slower than time on 
Earth: it goes faster if the orbital 
radius is greater than one-and-a-half 
times the Earth’s radius. 


The passages not concerned with 
physics are characterised by their 
superficial and tendentious style. The 
description of Stonehenge as an astro- 
nomical computer, which opens sec- 
tion I, is typical. It is gleaned largely 
from the books by Hawkins (Stone- 
henge Decoded; Souvenir: London, 
1967) and by Hoyle (From Stonehenge 
to Modern Cosmology, Freeman: San 
Francisco, 1972) No mention is made 


of the review by Professor R. J. C. 


Atkinson, entitled Moonshine on Stone- 
‘henge in which much of Haw- 
kins’ book is shown to be scienti- 
fically and archeologically unsound 
(Antiquity, 1966) or of the correspond- 
ence in the 1967 volume of Antiquity, 
where comments range from “dubious” 
to “untenable”. The section then pro- 
gresses to the subject of clocks, which 
is illustrated by a picture of a sundial, 
apparently capable of “all the accuracy 
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of a modern clock”. It concludes with 
a discussion of time paradoxes and the 
meaning of time. The level of debate 
here, as typified by the subsection 
headed “Temporal Pigeon Holes and 
the Cosmic Postman’’, is most politely 
described as lightweight. 

Clichés, polysyllabic humour, and 
other forms of turgid jocularity abound 
in this section. If you get past ‘“Mean- 
while, the poor man in the street was 
harried along, willy-nilly, into the 20th 
century”, you are confronted with 
“intrepid circumterrestial travellers”, 
their “staid counterparts back home”, 
the “change of date situation” and the 
fact that “even the common man and 
woman must come to grips with the 
subtleties of horological hairsplitting”’. 

More serious, however, is the perni- 
cious tendency to populate the book 
with ‘goodies’ (in whose work the 
author sees support for his theories) 
and ‘baddies’. Thus the goodies are 
“respectable physicists, schooled in the 
best scientific tradition”. “very solid 
members of the community”, and 
“very sober scientists with impeccable 
academic credentials and years of re- 
search experience’. On the other 
hand, we read that “Many theorists 
have an innate dislike for white holes, 
perhaps because they are only just 
coming to terms with the implications 
of black holes, and don’t want to move 
too fast too soon”; that “archeologists 
cannot bring themselves to accept the 
subtleties which astronomers find in 
the Stonehenge computer’; that 
“there is not enough evidence yet to 
persuade the doubters” (for the exist- 
ence of tachyons); and. incredibly, that 
Dr Gribbin sometimes wonders whether 
the “verbiage” in philosphical articles 
is not just “window dressing. to frighten 
off . . . people who are not ‘philoso- 
phers’’”’. Interested readers will find 
plenty more similar examples through- 
out the book. 

Much the same can be said of sec- 
tion HI, which purports to relate 
Eastern Philosophy to Western Science. 
To be fair, T think that this section will 
appeal to people with a taste for biz- 
zare interpretations, and many readers 
will want to follow up the ideas in the 
bibliography provided. I cannot take 
these interpretations seriously, because 
they fail to explain the basic mechan- 
isms and so seem to have no advantage 
over many less outlandish theories. 

A glance at this review will reveal 
that Timewarps is likely to become a 
best-seller, and that many people will 
learn a lot of new ideas from it. It is 
a pity that it was not written with 
greater regard for accuracy. C] 
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Sophisticated 
astronomy 
Euan W. MacKie 


Megaliths and Masterminds. By P. 
Lancaster Brown. Pp. 246. (Robert 
Hale: London; Scribners: New York 
1979.) £5.50; $14.95. 





THE title suggests that here is another 
attempt to capitalise on the increasing 
interest, at many levels, in the evidence 
for sophisticated astronomical practices 
in the monuments of Neolithic and 
Early Bronze Age Europe. There must 
be at least a dozen books on the mar- 
ket at present with similar titles, and 
each with a picture of Stonehenge or 
some other megalithic site on the 
jacket, so the reviewer may be for- 
given for having become somewhat 
hard to please in this area. These books 
vary considerably in quality, from the 
frankly mystical, through orthodox 
archaeological textbooks to excellent 
explanations of a difficult and complex 
subject (see Nature, 275, 75; 1978). 
One may well ask, what is the purpose 
of another one unless it includes orig- 
inal research or new ideas? 

Mr Lancaster Brown in fact ranges 
more widely than the megaliths of the 
title, which he correctly defines as in- 
cluding both the standing stone sites 
of Britain and Brittany and the cham- 
bered burial mounds of Atlantic 
Europe from Spain to Scandinavia 
(although the latter also include dry- 
walled constructions and, if the collec- 
tive burial rite is thought to be the 
decisive linking feature, some rock-cut 
tombs as well, which are in no sense 
megalithic). He has chapters on almost 
everything connected with astronomy 
in the ancient world, starting with 
Alexander Marshack’s ‘lunar notation’ 
scratches on Palaeolithic bone imple- 
ments. However, his suggestion that 
these marks, dating to well before 
12,000 years ago, may be ancestral to 
the Irish Ogham script of less than 
2,000 years ago will scarcely find favour 
with philologists and simply shows that 
speculating in the historical disciplines 
can seem too easy to the layman. 


The author is, however, very interest- © 


ing on the early development of re- 
search into archaeoastronomy and 















@ in the review of Physical Chemistry: 
Principles and Applications for the Bio- 
logical Sciences by Tinoco, Sauer and 
Wang, (Nature, 278, 85; 1979), it was 
incorrectly stated that a paperback 
edition had been published. A hardback 
edition only is available from Prentice- 
Hall International at £12.95, with a 
paperback Solutions Manual at £2.55, 


ancient metrology, and this is perhaps 
the most useful part of the book. We 
are given vivid accounts of Sir Norman 
Lockyer, L. Piazzi Smyth and Sir 
Flinders Petrie at work among the tem- 
ples, pyramids and obelisks of ancient 
Egypt and of the evolution of thought 
about astronomical qualities in British 
prehistoric sites from the seventeenth 
century onwards. It is very useful to 
be reminded that many of the modern 
ideas about ancient astronomy and 
metrology, developed in such detail by 
the Thoms, in fact derive from those 
of earlier workers, and salutory to 
learn again that some of these became 
obsessed with their theories to such an 
extent that they ignored or derided the 
historical and archaeological evidence. 
It is true that archaeologists were often 
of httle help, usually being innately 
sceptical about archaeoastronomical 
ideas, but they were sometimes faced 
with such amazing nonsense that their 
scepticism is understandable. 

The author provides one classic ex- 
ample from Lockyer’s 1909 book on 
Stonehenge in which he discussed the 
living quarters of the astronomer- 
priests who, he assumed, were at work 
in Neolithic Britain. He supposed that 
damp was a severe problem so that 
shelters were needed, but assumed quite 
arbitrarily that the people of 4,000 
years ago were entirely ignorant of 
carpentry. Thus they had to live in the 
megalithic chambered tombs of the 
period which were supposed to have 
been equipped with stone doors. (One 
would scarcely be surprised to read 
further that the doors often jammed, 
thus exlpaining the skeletons fre- 
quently found inside!) Even 70 years 
ago British archaeology had advanced 
far beyond that; presumably Lockyer 
had never entered a museum and seen 
a stone axe. Memories of this kind of 
thing still help to perpetuate a divide 
between workers like the Thoms and 
many orthodox archaeologists. 

These historical insights are very use- 
ful but the chapters on the astronomy 
of the ancient Babylonians and of the 
American Indian civilisations are too 
brief to be of more than casual interest. 
Presumably the section on ley lines and 
‘geomancy’ was included as another 
warning about the eccentric ideas that 
still flourish on the fringes of megali- 
thic astronomy and which also help to 
keep many archaeologists at a distance. 
Perhaps this very breadth of coverage 
conceals another danger. The author 
often gives guidance and opinions on 
the present state of our knowledge of 
Neolithic Western Europe but these 
are based primarily on the technical 
archaeoastronomical evidence, itself 
only a small fragment of the total 
knowledge we have of the period con- 
cerned. 
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For example, there is not one but two 
vitally important aspects of hypotheses 
about the ‘masterminds’ among the 
megalith builders. The first of course 
concerns the plausibility of the sites 
claimed as observatories, or as showing 
high meterological skill in measuring, 
and has been discussed extensively many 
times: this book deals mainly with it. 
However, the question of what kind of 
social organisation the people con- 
cerned had is an equally important but 
much trickier subject; it is rarely 
touched on by archaeoastronomers 
and their followers as it depends mainly 
on more orthodox archaeological evi- 
dence as well as on anthropological 
knowledge. There is no problem in 
ancient Egypt and Babylonia, or in 
Mesoamerica, which were urban 
societies known to have had specialist 
classes of priests and wise men, but 
what about Neolithic Europe? The 
population there was in a pre-urban 
stage and the usual view is that it was 
much more simply organised, not stra- 
tified into classes, and that it certainly 
did not possess élite orders of astrono- 
mer-priests and wise men of the kind 
which should have existed even if only 
half of what Professor Thom claims is 
correct. 

The problem is whether the most 
important Neolithic sites and artefacts 
can be reinterpreted in terms of such 
a stratified, theocratic society. If none 
can, then the case for sophisticated 
ancient astronomy becomes much 
harder to maintain, no matter how im- 
pressive the technical evidence. The 
reviewer recently devoted half of an 
entire book (Science and Society in 
Prehistoric Britain, 1977) to raising 
this problem, and to making a start on 
resolving it, but feels he still has some 
way to go before convincing all his 
colleagues. Mr Lancaster Brown, how- 
ever, only brings up the problem in a 
few lines in the final chapter, saying 
simply that we can be sure that such 
an élite class existed and that ‘“‘Archae- 
ological field evidence strongly supports 
this idea”. Neither the book cited, nor 
Aubrey Burl’s fundamental work The 
Stone Circles of the British Isles (1976) 
is mentioned anywhere and one must 
regretfully conclude that this is a fur- 
ther example of the idea that it is 
enough to be familiar mainly with the 
specialised archaeoastronomical evid- 
ence. Yet that is only the start of the 
journey, providing a new and clear 
window on to the past in addition to 
many older ones, by means of which 
our very complex but fragmentary pic- 
ture of life in Neolithic Britain and 
Europe may eventually be substantially 
modified. CJ 
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Rate Processes of 
Extractive Metallurgy 


edited by Hong Yong Sohn 
and Milton E. Wadsworth 


This book explores significant areas of ex- 
tractive meald from the perspective of 
heterogeneous kinetics. Special emphasis is 
given to rate processes, fundamental mech- 
anisms of reaction, and data for engineering 
applications. approx. 465 pp., illus., 1979, 
$42.50 ($51.00/£26.78 outside US) 


Surface and 
Colloid Science 


Volume 11 


Experimental Methods 


edited by Robert J. Good 
and Robert R. Stromberg 


The contributors to this volume offer authori- 
tative, critical essays on a number of experi- 
mental techniques in surface and colloid 
science. They evaluate several methods of 
study, including electron probe microanaly- 
sis, Measurement of contact angles, pendent 
drop methods of measuring surface tension, 
microelectrophoresis, and detergency. 360 
pp, illus, 1979, $35.00 ($42.00/£22.05 
outside US) 


Pulverized-Coal 
Combustion and 
Gasification 


Theory and Application for 
Continuous Flow Processes 


edited by L. Douglas Smoot 
and David T. Pratt 


This volume provides a comprehensive and 
muchineeded treatment of analytical model- 
ing of coal reaction processes, emphasizin 
those processes utilizing finely pulverize 
coal entrained in a gaseous Shee Topics 
discussed include turbulent and laminated 
reacting multiphase systems, gas-particle 
conductive interactions, gas-phase combus- 
tion, pollutants, computer predictions for 
coal gasifiers, and recent trends in research 
and development. 352 pp., illus, 1979, 
$39.50 ($47.40/£24.89 outside US) 


Applied Chemical 
Process Design 


by Frank Aerstin and Gary Street 
with a foreword by 
K. D. Timmerhaus 


This handy, concise reference manual, writ- 
ten for use in the office or in the field, 
provides chemical process engineers with a 
compilation of many useful procedures for 
the evaluation of preliminary design of new 
chemical process abd yee 312 pp., ilus., 
1978, $25.00 ($30.00/£15.75 outside US) 


Topics in Surface 
Chemistry 


edited by Eric Kay 
and Paul S. Bagus 


This volume examines surface studies in 
electrochemical systems, ordered arrays of 
organic molecules at surfaces and interfaces, 
atomic and molecular scattering from sur- 
faces, aspects of surface chemical bonding, 
and optical excitations at surfaces. A volume 
in The IBM Research Symposia Series. 416 
PR 1978, $42.50 ($51.00/£26.78 outside 


Chemical Kinetics 
and Transport 
by Peter C. Jordan 


This new text, designed for use in advanced 
undergraduate and graduate level courses, 
examines equilibriurn kinetic theory, trans- 
port in both gas and solution, phenomenol- 
ogy, mechanisms of thermal and photochem- 
ical reaction, single-collision chemistry and 
calculation of thermal rate constants. Numer- 
ous examples are included to illustrate genera 
principles. 384 pp., 1979, $21.50 ($25.80/ 
£13.55 outside US) 


Available from John Wiley & Sons Limited in 
the United Kingdom, Europe, and the Middle 
East, excluding Israel. 


Photoelectrochemistry 


by Yu. Ya. Gurevich 
u. V. Pleskov 
and Z. A. Rotenberg 
translated from Russian by 
H. Wroblowa 
translation edited by H. Wroblowa 
and B. E. Conway 


Based on an original Russian language work, 
updated and revised in conjunction with 
recent developments, Photoelectrochemis- 
try presents the theory of photoemission ina 
novel and accessible fashion that does not 
require familiarity with quantum mechanics. 
Special emphasis is also given to the close 
ties among photoemission, electrochemical, 
and radiation-chemical problems. In addi- 
tion, theoretical formulas are presented at 
the beginning of experimental sections, en- 
abling the reader to use the formulas as a 
guide while exploring the test procedures 
and results. approx. 260 pp.. illus., 1979, 
$39.50 ($47 40/£24.89 outside US) 


Quantum 
Electrochemistry 


by John O'M. Bockris 
and Shahed U. M. Khan 


This work emphasizes the molecular model 
approach in electrode kinetics, while also 
recognizing the contributions made from the 
continuum dielectric viewpoint. This impor- 
tant, breakthrough volume will serve as both 
a text for graduate students and an interdisci- 
plinary guide for the practicing electrochem- 
ist. approx. 510 pp., 1979, $49.50 ($59.40/ 
£31.19 outside US) 








Aspects of Mechanism 
and Organometallic 
Chemistry 

edited by James H. Brewster 


Dividing this subject matter into.two broad 
groups—the interplay of structure and mech- 
anism, and the use of organometallics in 
synthesis—this volume provides an extensive, 
broadly based examination of the most recent 
developments in mechanism and organo- 
metallic chemistry. 362 pp., 1979, $39.50 
($47 40/£24.89 outside Us) 


Correlation Analysis 
in Chemistry 
Recent Advances 


edited by N. B. Chapman 
and J. Shorter 


Drawing upon research from a wide range of 
chemical and related sciences, internationally 
renowned scientists examine in detail the 
various applications of correlation analysis. 
The traditional areas associated with Ham- 
mett and Taft, as well as the numerous 
applications of correlation analysis to spec- 
troscopy, are reviewed, and an extensive 
critical compilation of substituent constants is 
offered. 560 pp., illus., 1978, $49.50 ($59.40/ 
£31.19 outside US) 


Fundamental Research 
in Homogeneous 
Catalysis 


Volume 2 


edited by Yoshio Ishii 
and Minoru Tsutsui 


Fundamental Research in Homogeneous 
Catalysis disseminates the latest information 
for increasing selectivity of desired end prod- 
ucts and decreasing waste of chemicals and 
energy resources in numerous industrial pro- 
cesses, This volume examines such topics as 
molecular metal cluster compounds, sup- 
ported metal complex catalysts, and asym- 
metric catalysis. 316 pp. 1978, $32.50 
($39.00/£20.48 outside US) 
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Comparative Planetology 


edited by C. Ponnamperuma 
January 1979, 288pp., £10.40/$16.00 0.12.561340.7 
Proceedings of the Third College Park Colloquium on Chemical Evolution and Comparative Planetology held on Sept. 29 — 
Oct. 1, 1976 at the University of Maryland. | 

This volume presents, in comparative fashion, the latest findings of numerous planetary missions. Prominent astronomers.,. 
geologists, chemists, and biologists discuss topics vital to solving the mysteries of the origin and evolution of life in the solar 
system, including the interiors of planets, crustal evolution, the origin of planetary atmospheres, and questions of life itself. 
This volume will be of great interest to the growing body of scientists interested in the problems of the origin and evolution of 
life in the solar system. 
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Critical Periods 


edited by J. P. Scott 

1978, 400pp., £19.15/$29.50 0.12.787453.4 
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M. Griffiths 
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Chemical and Biological Perspectives Volume 2 


edited by P. J. Scheuer 

February 1979, 408pp., £24.70/$38.00 0.12.624002.7 

Contents: S. Liaaen-Jensen, Marine Carotenoids. L. J. Goad, The Sterols of Marine invertebrates: Composition, Biosynthesis, 
and Metabolites. W. Fenical, Diterpenoids.B. Tursch et al., Terpenoids from Coelenterates.J. J. Sims et al., Applications of °C 
nmr to Marine Natural Products. 


Plant Disease: An Advanced Treatise 


Volume 3: How Plants Suffer from Disease 


edited by J. G. Horsfall and E. B. Cowling 

February 1979, 488pp., £26.65/$39.50 0.12.356403.4 

Volume 3 is devoted to the dysfunctions that occur in plants when they are ill. lt examines the many types of pathogens that 
interfere with the systems that comprise photosynthesis, respiration, transpiration, food transport and storage, mineral 
nutrition, regulation of growth, symbiosis, reproduction, mechanical support, permeability, transcription, translation, and 
intermediary metabolism. The contributors synthesize the latest findings, indicate promising directions for further research, 
and emphasize practical applications of our knowledge of plant pathology. 


A Volume in the P&S Biomedical Sciences Symposia Series 


Neuronal Information Transfer 


edited by A. Karlin, V. M. Tennyson and H. J. Vogel 
January 1979, 496pp., £27.60/$42.00 0.12.398450.5 


Sections: Opening Address: Biogenic Amine Systems. Cholinergic System. Amino Acid Systems. Brain Peptides and Opiate 
system. Cyclic Nucleotides. Neuronal Structure and Development. 


A Volume in the P&S Biomedical Sciences Symposia Series 


Nucleic Acid-Protein Recognition 


edited by H. Vogel 

1977, 616pp., £28.05/$39.50 0.12.722560.9 

This volume concentrates on a cross section of defined biologically significant nucleic acid-protein interactions, at least some 
of which appear to be governed by codelike rules. 

The topics cover: the machinery of DNA synthesis, including “melting” proteins; DNA packaging, with emphasis on 
DNA-histone interrelations; eukaryotic, prokaryotic, and viral DNA-dependent RNA synthesis; the recognition of 
double-helical nucleic acids by proteins in general and by repressors in particular; restriction endonucleases and DNA site 
recognition; tRNA’s in relation to their structure, their biosynthesis, reverse transcriptase, recognition by synthetases, and 
ribosomal interactions; the synthesis of ribosomes and interactions in the initiation and elongation processes of protein 
synthesis; recognition features in RNA-dependent RNA synthesis; RNA processing; and ribonuclease-nucleotide recognition. 
To biochemists, biophysicists, and molecular biologists, as well as cell biologists, microbiologists, geneticists, and other 
biomedical scientists, this volume addresses itself as a quide to research, an aid in teaching and graduate study, and an 
extensively documented source of reference. 
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Solid Electrolytes: General Principles,Characterization, 
Materials, Applications 


edited by P. Hagenmuller and W. van Gool 
1978, 576pp, £33.80/$52.00 0.12.313360.2 


Fast ion transport in solids is of increasing interest to solid state chemists and physicists, electrochemists, and device 
engineers. This broad, up-to-date survey of theory and applications of solid electrolytes reflects the growth of a field (also 
known as superionic conductors) that has expanded tremendously during the past ten years. Part One covers the theories 
which are currently being developed, as well as the utilization of many physical methods. Part Two classifies the materials 
according to their physical-chemical characteristics. Current and potential applications of solid electrolytes are dealt with in 
Part Three. The book stresses the interdisciplinary nature of the subject and contains contributions from specialists of many 
countries, including physicists, chemists, electrochemists, solid state scientists, and device engineers. Providing a coherent 
view of a rapidly developing field, the volume will be valuable to a wide range of interested scientists. 
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Biological 
regulation 
processes 


Biological Regulation and Develop- 
ment. Vol. 1: Gene Expression, Edited 
by R. F. Goldberger. Pp. 558. (Plenum: 
New York and London, 1979.) £24.88. 





THE motivation to produce this in- 
augural volume of a multi-author 
treatise on regulation is that it would 
be productive to approach the subject 
in a way that cuts across traditional 
boundaries, The editors aim to avoid 
bringing together all possible facts 
relevant to a particular operon, virus 
or biosynthetic system. For instance, 
no one person works on suppression 
per se, only on aspects of the pheno- 
menon. The actual chapter by Steege 
and Söll on suppression successfully 
picks up the various threads from 
many different laboratories. This 
approach, however, means that the 
same system is often discussed from 
different points of view by different 
authors. In a few places this needs 
some stronger editorial control and 
cross reference to assist readers with 
less experience in these areas. Dia- 
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Thermal neutron 
scattering 


Introduction to the Theory of Thermal 
Neutron Scattering. By G. L. Squires. 
Pp. 260. (Cambridge University Press: 
Cambridge, London, New York and 
Melbourne, 1978.) £16. 


THERMAL neturons are used widely to 
study structures and correlations in 
solids and hquids. They have just the 
right wavelength for atomic physics: 
and, as nuclear scattering takes place 
effectively at a point, one can use the 
scattered intensity to disentangle the 
motion of atoms. The momentum 
transfer dependence of the scattering 
is the Fourier transform of the spatial 
structure, and the energy dependence 
is likewise the Fourier transform of the 
time dependence of correlations. The 
magnetic moment of the neutron is a 
valuable bonus, sensitive to the mag- 
netic structure of materials at the ato- 
mic level. 

There are several textbooks on the 
physics which emerges, and on the 
techniques, but most authors content 
themselves with rough and ready deri- 
vations (or simply quoting) the rather 
complicated expression for scattering 
cross sections which are needed for 
quantitative analysis. This can be hard 
on research students wanting to extra- 
polate formulae to fresh situations and 


grams of the same system sometimes 
appear quite differently in consecutive 
chapters. The chapter on regulation of 
DNA replication by Lark suffers from 
a complete lack of diagrams. In other 
chapters there is some obvious duplica- 
tion of material which can be irritating. 
On balance, however, these problems 
do not greatly detract from what turns 
out to be a stimulating set of contribu- 
tions stressing the essential concepts 
that underline our knowledge of 
regulation of gene expression. The 
book will be of considerable value to 
senior undergraduates, to postgraduates 
and to their teachers. Individual 
chapters deal mainly with regulation 
in microorganisms but recurrent themes 
are evolution of regulatory mechanisms 
and to some extent the relationships 
between prokaryotes and higher 
organisms, Later volumes must expand 
on this latter aspect but perversely no 
indication is provided, at least in this 
volume, of future contents. 

The initial chapter by Goldberger 
covers general strategies of genetic 
regulation and provides a frame of 
reference for the discussions of operon 
complexity by Campbell and auto- 
genous regulation by Savageau. Clarke 
develops the evolution theme with the 


wanting to grasp from first principles 
the meaning of phonons, magnons, 
spin waves and correlation functions. 
Gordon Squires’ book fills this gap 
admirably. As the title implies, the 
book is aimed at deriving the formulae 
systematically and rigorously. It is the 
Goldberger and Watson of thermal neu- 
tron physics. Students will appreciate 
the beautifully precise, lucid and ex- 
plicit algebra, which follows smoothly 
from undergraduate quantum mech- 
anics. The material is extraordinarily 
well organised; there is great care over 
nomenclature, no mistakes and no miss- 
ing lines. On the other hand, the casual 
reader might find the subject a bore, 
and even the dedicated reader will have 
to reflect carefully on the objectives 
of the formulae and the physical impli- 
cations of each factor or approxima- 
tion. To help his understanding, there 
are several problems, many of them 
quite hard, with solutions. Formulae 
are illustrated briefly with experimen- 
tal results, but there is no systematic 
attempt to explore the physics which 
emerges from thermal neutron scat- 
tering. 

This volume will be a valuable prop 
to the experimenter wanting to be sure 
of the foundation of his subject. 

D. V. Bugg 
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D. V. Bugg is an SRC Fellow in the 
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view that regulatory systems can be 
potent agents of evolutionary change. 
The chapters that follow deal with the 
relevance of DNA sequence and con- 
formation. Pribnow’s chapter on con- 
trol signals should really be followed 
by the two more physicochemical con- 
tributions from Von Hippel and Sobell 
on the specificity of DNA-protein 
interactions and implications of DNA 
conformation. These latter chapters, 
careful consideration. Steitz then 
though speculative in places, deserve 
stresses the importance of RNA-RNA 
interactions, especially in ribosome 
function and proposes that mRNA 
effectively selects protein molecules 
that facilitate such interactions. Cortese 
follows with a review of the various 
functions of tRNA that are secondary 
to, or derived from, its primary func- 
tion as amino acid adaptor. Finally, 
Maalgée amply demonstrates the 
stimulating but complex challenge of 
evaluating the possible interplay of all 
these various regulatory mechanisms in 
the growing organism (mainly E. coli). 

Roy H. Burdon 





Roy H. Burdon is Professor (Titular) of 
Biochemistry at the University of Glasgow, 
UK. 
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Microbial life 
in extreme 
environments 


Thermophilic Microorganisms and Life 
at High Temperatures. By T. D. Brock. 
Pp. 465. (Springer: New York, Heidel- 
berg and Berlin, 1978.) $29.70; DM54. 


THis book collates the ecological 
studies Professor Brock initiated and 
directed on microbial life in the hot 
springs of Yellowstone, some 1,200 
miles from his University campus and 
at an altitude where water boils at 
92 °C. The scope of the project was 
admittedly limited initially, but in the 
light of discoveries of unknown micro- 
bial species adapted to live in a variety 
of extreme environments, research 
ramified to inclide man-made thermal 
habitats and hot springs on a worldwide 
scale. 

The objective was to study the 
Structure, biochemical and growth 
characteristics, evolution and dispersal 
of such bacteria, bue-green algae and 
eukaryotic algae which seem to set the 
limits for life with respect to pH and 
temperature. Such natural model 
systems, with the relative constancy of 
their features, would then make pos- 
sible deductions about long term eco- 
logical consequences of man-produced 
thermal and chemical pollution of the 
environment. 

The cover picture showing the run- 
off channel of a Yellowstone hot spring 
is more suggestive of the scope of the 
book than its title. Exploring Microbial 
Life in Hot Springs might be a more 
appropriate title, which better ex- 
presses the ‘adventure’ character of the 
book. 

The book stamps a record of per- 
sonal achievement by drawing a 
demarcation line from earlier or con- 
temporary work; it aims at helping 
future researchers, especially in Yellow- 
stone, with the detailed description of 
the sites studied (chemical, physical 
and tosographical), Furthermore, it 
includes valuable unpublished observa- 
tions, suggests areas for future research 
and provides a wealth of ideas for 
in situ research approaches and im- 
provised techniques that proved useful 
where conventional methods could not 
work or were unavailable. The author’s 
confessions of being often misdirected 
or “fooled”, for example, by Thermo- 
plasma, when in fact a new bacterium, 
Sulfolobus, had been isolated, illustrates 
the complexity and very often decep- 
tive nature of working in an area 
where no precedent existed. 

The seminar style of the book gives 
the reader both pleasure and a good 
share of the fascination and excitement 


of the field work. The personalised 
manner in which the book was written 
is highlighted by the author’s comments 
on his original paper on the genus 
Sulfolobus, that was rejected twice by 
the Journal of Bacteriology; and by the 
final chapter ““Some Personal History” 
that includes a family and research 
team photograph. 

The book illustrates effectively how 
research orientation can become use- 
fully multi-directional in the way dis- 
coveries developed in a multi- 
disciplinary fashion, thereby becoming 
of interest to ecologists, environmental 
scientists, biochemists and geologists 





Liquid structure 
in relation to their 
crystalline solids 


The Molten State of Matter: Melting 
and Crystal Structure. By A. R. 
Ubbelohde. Pp. 454. (Wiley: Chichester, 
UK, and New York, 1979.) £23.50. 


THis book may mark the end of an 
era: or it may not. Scientific eras 
overlap, and a severe decimation of the 
time scale may be needed before the 
transition between them is marked 
with any definiteness, Knowledge of the 
figure of the Earth did not much 
assist the search for the sources of the 
Nile, and the Nile is still imperceptible 
on the geoid. This book is about liquids, 
and Ubbelohde has chosen its ttle to 
emphasise the fact that he will con- 
sider their structure in relation to that 
of their crystalline solids. Thus, atten- 
tion is focused on phase change, and 
the relationship between the phases 
between which the change occurs: but 
one will find no mention here of the 
renormalisation group, or the names 
of Peierls, Landau, Wilson or Kadanoff, 
nor even, rather surprisingly, of Bernal 
and Fowler: which is not to say that 
there is not a wealth of references 
here to work in the present decade as 
well as past decades. Conversely, one 
may read a book about the renormal- 
isation group and find mention of only 
three or four particular substances, if 
that. Ubbelohde deals with particular 
substances, and many comparative 
tables of the melting parameters of 
particular classes of substance are a 
feature of the book. These are 
instructive, and would be more so if 
one knew how much confidence to 
place in them. They seldom contain 
estimates of error, and sometimes fail 
to indicate source: there are discre- 
pancies, sometimes minor and some- 
times substantial, between values for 
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alike. The author did not even miss 
the opportunity to comment on his 
observations on the effects of pH limits 
on the existence of higher organisms, 
including insects, frogs, birds, fish and 
plants. 

Finally, this book, if read from cover 
to cover rather than used as a refer- 
ence source, has all the elements that 
make it useful to ecologists. It would 
also make inspiring introductory read- 
ing for new researchers in microbial 
ecology. G. D. Anagnostopoulos 


G. D. Anagnostopoulos is Lecturer in 


Microbiology at Queen Elizabeth College, 
University of London, UK. 





the same physical quantity in different 
tables: for example, the entropy of 
fusion of NaCl is 6.7 e.u, in Table 8.1 
and 6.23 e.u. in Table 8.34. There are 
quite alarming discrepancies between 
heat capacity data for solid and liquid 
alkali metals in Table 9.1 and data for 
sodium in Fig. 9.1, Contradictory 
information about the magnetic sus- 
ceptibility of iron phases at high 
temperature is given in Fig. 9.7 (p263) 
and the text on p264. 

On p103 the reader is told, as though 
he should believe it, that for a second- 
order phase change two free energy 
surfaces must touch and intersect, with 
never a mention of bifurcation. Naive 
readers must be warned against chapter 
14, on “Liquid Crystals”, shot through 
with misconceptions which should 
never have survived the classic paper 
of G. Friedel (1922). 

Pleas for more observational data 
are a recurring refrain, and often justi- 
fied: but, although on p90 the author 
complains about the lack of informa- 
tion regarding domain formation in 
order-disorder transformation, he never 
mentions antiphase boundaries, a key- 
phrase which could have led him to a 
wealth of material in the metallurgical 
literature. 

It becomes apparent that several dis- 
tinct and separate cultures grow on 
the one substrate of phase transitions. 
Of these, this book provides a useful 
literature guide to a substantial part 
of the physicochemical culture. Those 
readers who will take the trouble to 
check and amend the data will be in 
possession of a well-planned survey of 
empirical melting parameters, and 
some liquid properties for various 
classes of material. Considering the 
price to be charged, this should have 
been attended to by the publisher’s 
editor, 

F. C. Frank 


Sir Charles Frank is Emeritus Professor 
RRA at the University of Bristol, 
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D. A. Hems 


TO BE a successful scientist requires 
three attributes: intelligence, hard- 
work and perspicacity. Intelligence and 
hard work are not enough; perspicacity, 
insight, flair~~call it what you will— 
make up a somewhat undefinable third 
requisite. Dr D. A. Hems, Reader in 
Biochemistry at St George’s Hospital 
Medical School, London, who died 
tragically on 2 February 1979, possessed 
all three qualities. He was just 40, at 
the peak of his scientific career. 

Hems received his schooling at the 
John Lyon school in Harrow, and 
entered University College, London as 
Bucknill Open Scholar in Medicine. At 
the end of his pre-clinical years, he 
took an intercalated Hons BSc in 
Physiology; during his clinical training 
at UCH he received prizes in neurology, 
and in obstetrics and gynaecology. On 
qualifying, he decided to pursue a 
scientific career, and moved to the In- 
stitute of Psychiatry to work on bio- 
chemical aspects of brain metabolism 
under Dr (now Prof.) R. Rodnight; 
three years later he received his PhD. 
Intelligence and hard work were 
clearly two of Hem’s attributes. 

Hems’ interest now lay firmly in 
metabolism. But not in the elucidation 
of intermediates or in the properties of 
isolated enzymes. He realised that this 
aspect of biochemistry was, by 1966, 
proceeding on fairly predictable lines. 
What was lacking, was a proper cor- 
relation between the physiological be- 
haviour. of an organ and the bio- 
chemical activity of its cells. In 
Oxford, Sir Hans Krebs was developing 
the technique of whole organ perfusion. 
So it was to Oxford, on an MRC Re- 
search Fellowship, that Hems went in 
1966: the first sign of that third at- 
tribute. 

In 1969 Hems was appointed Lec- 
turer in Biochemistry at Imperial 
College, under Professor Sir Ernst 
Chain. He now began to develop what 
proved to be his major scientific in- 
terest: the hormonal control of 
metabolism, using intact organs and 
cells. It was clear to him, as to others 
at this time, that the concept of a 
specific target organ for a specific 
hormone was too restrictive. He 
showed, for example, that the antidiure- 
tic hormone vasopressin also has a 
direct action on the liver: that action 
is to stimulate glycogen phosphorylase, 
but not, as Hems discovered, by way of 


cyclic AMP. Another of Hems in- 
terests lay in obesity. With character- 
istic insight he chose to investigate fat 


synthesis in liver, rather than in 
adipose tissue: a choice that is 
beginning to appear well-founded. 


More signs of that essential third 
quality; sadly, fulfillment of Hems’ 
potential was not to be realised. 

During his time at Imperial College, 
Hems established close links with the 
research being carried out by Dr Anne 
Beloff-Chain (Lady Chain). He also 
built up an active group of his own; 
when in 1976 he was offered a Senior 
Lectureship in the new Biochemistry 
Department at St George’s, the entire 
group chose to move with him to 
Tooting. Hems—-Doug to all who were 
close to him-—was at once immensely 
kind and considerate, helpful and in- 
spiring, and it is easy to see why he 
was able to attract bright and energetic 
students, as well as more senior re- 
search workers. As a teacher, also, 
Hems was dedicated to his students. 

His scientific achievements led to his 
‘appointment as an editor, first for 
Clinical Science and Molecular Med- 
icine, and next of the Biochemical 
Journal. He also played an active part 
in the Regulation in Metabolism Group 
of the Biochemical Society. 

Hems loved music and poetry; he 
particularly enjoyed witty and pithy 
comments on life, and was himself 
gifted with a dry sense of humour. The 
latter contributed to his demand as a 
guest speaker: at the time of his death, 
he had invitations to lecture at Guild- 
ford, London, Cairo, Cambridge and 
Copenhagen. But however much his 
scientific colleagues will miss him, it is 
his widow, Phyl Hems, and his two 
children Jacky and Clare, who face a 
sad and lonely future without Doug. 
It is to them that our sympathy is 
extended. C. A. Pasternak 


Ralph Emerson 


WitH the death on 12 March 1979 of 
Professor Ralph Emerson, mycology 
has lost one of its brightest stars. 
He was born in New York City in 
1912. He studied biology at Harvard 
obtaining his BS in 1933 and his 
PhD in 1937. He then came to 
England with a National Research 
Council fellowship and worked in the 
botany school at Cambridge for the 
next two years. In 1940 he joined the 
faculty of the University of Cali- 


fornia at Berkeley becoming a full 
professor in 1953 and being chairman 
of the botany department from 1967 
to 1971. 

He was elected to the National 
Academy of Sciences in 1970. He 
served as president of the Botanical 
Society of America (1967), as presi- 
dent of the Mycological Society of 
America (1953) and as vice-president 
of the British Mycological Society 
(1971), In 1964 he received the Merit 
Award of the Botanical Society of 
America. To the First International 
Mycological Congress at Exeter in 
1971 he contributed a brilliant general 
lecture which ended in a standing 
ovation, - 

His greatest scientific contributions 
were to the biology of water-moulds 
especially those belonging to the 
Blastocladiales. Hans Kniep (1881- 
1930), that great student of sexuality 
in fungi, discovered in the last years 
of his life a unique sexual cycle in the 
water-mould Allomyces. Ralph Emer- 
son developed the study of sex in 
species of that genus in beautiful 
detail, His ‘An experimental study of 
the life-cycles and taxonomy of 
Allomyces’ (Lloydia 4, 77-144: 1941) 
has become one of the classic papers 
of mycology. He was also responsible 
for a film ‘Syngamy and alteration of 
generations in Allomyces’, one of the 
finest mycological films ever produced. 
Further, Ralph Emerson made 
important contributions to the physi- 
ology of water-moulds. He found that 
certain species require an environment 
with a high concentration of carbon 
dioxide if resting spores are to be 
formed, whilst in one species oxygen 
must be absent if any growth is to 


occur, a most unusual situation in 
fungi. 

He maintained that, although 
Blastocladiales were clearly not 


organisms of economic importance, 
their study could make valuable con- 
tributions to fundamental problems. 
He inspired students and colleagues 
to undertake work that has fully 
vindicated this view. He launched Dr 
Cantino on his productive study of 
Blastocladiella which has done so 
much to illuminate the relationship 
between biochemistry and mor- 
phology. He inspired the late Dr 
Machlis and his colleagues to investi- 
gate the hormone concerned with the 
attraction of male to female gametes 
in Allomyces. This led in 1968 to the 
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resolution of the structure of sirenin, 
the first plant sex hormone to be 
characterised. All over America there 
are mycologists of distinction who 
received their early inspiration from 
Ralph Emerson. 

During the war years 1944-46 he 
served as microbiologist to the 
Emergency Rubber Project in the 
United States which led him tempo- 
rarily into the field of thermophilic 
organisms, particularly fungi respon- 
sible for development of — high 
temperatures in compost heaps, After 
the war, although  Blastocladiales 
remained his main research area, he 
continued his war-time interest and 
with Dr Cooney was responsible for 
an important book Thermophiltc 
Fungi published in 1964. 

Ralph Emerson was much concerned 
with the basic causes of the student 
troubles on the Berkeley campus in 
the late sixties. In particular he felt it 
his duty to respond to his students’ 
demands for relevance in mycological 
teaching. He immediately set to work 
to organise what he described as ‘a 
running story of fungi and mankind 
with whatever ~minjmum mycological 
echnicalities had to be provided’, He 


devised a course that was both 
academically sound and excitingly 
relevant. 


Ralph Emerson was a man of strong 


character and great personal charm. 
Not only was he a research worker of 
outstanding ability, but he also wrote 
and spoke with elegance and clarity. 
His enthusiasm for his subject and for 
the experimental approach was 
unbounded. His former students and 
mycologists throughout the world 
mourn the loss of an eminent scientist. 
Above all he was a very special kind 
of person, C. T. Ingold 


David Zimmerman 


Ir was with extreme regret that I heard 
of the sudden death of Dr David Zim- 
merman, who died on 10 November 
1978 of haemorrhage following an 
injury to his eye by a tennis ball. 

He came to England in the sixties 
with an MSc in physics from the Uni- 
versity of Wisconsin and joined Dr 
Aitken in the Research Laboratory for 
Archaeology in the University of Ox- 
ford, Here he became one of the most 
productive research workers in the new 
field of thermoluminescent dating. 

One of the factors which made 
absolute dating difficult was lack of 
homogeneity in the samples of ancient 
pottery to which it could best be ap- 
plied. Dr Zimmerman developed a way 
of avoiding this problem by the separ- 
ating out of grains in the sample which 
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were small compared with the range of 
alpha particles and in which therefore 
a Statistical uniformity could be ex- 
pected. 

After gaining a well-deserved D.Phil 
as a result of this work, he returned 
to the United States where he con- 
tinued to work on thermoluminescent 
dating of pottery at Washington Uni- 
versity, St. Louis. Here he explored 
the possibility of using the zircon in- 
clusions which usually contain so much 
uranium and thorium as to be almost 
entirely unaffected by background 
radiations, which are often impossible 
to estimate accurately. 

Dr Zimmerman had many interests 
outside physics which he applied with 
characteristic success; for example he 
obtained a Blue at Oxford for badmin- 
ton and played tennis with enthusiasm 
(intercollegiate-Caltech); it was tragic 
that this should have led to his death. 
He enjoyed walking and camping and 
was Interested in piano music. He was 
forty years old at the time of his death 
and has left a wife, Joan who was a 
contemporary research worker in ‘TL’ 
at Oxford. During the last twelve 
months he had started a valuable news- 
letter Ancient TL. His death is a very 
great loss to the field of thermolumine- 
scence as well as to his large number 
of friends. 

J. H. Fremlin 
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E LABORATORY. 


Once again this professional exhibition will be open to SO you can see who you want to see without ro 
scientists and other qualified visitors in the luxurious = “seer 
environment of Grosvenor House. And with free 
admission, 

At Laboratory °79 you'll find the big corporations 
and the smaller innovators side by side ~ and not 
dwarfed by expansive displays. 











marches (and exhibition feet!). 
And you'll enjoy it. 


IT’S FREE. ABSOLUTELY FREE. 


If you complete the coupon and attach a stamp by its 
corner, we'll send you a free admission ticket. 

Then, when you arrive at Laboratory ’79 we'll also 
give you a free catalogue crammed full with information 
(and, we believe, well worth the trip alone). 

We're not being generous, of course; we're just 

‘ absolutely committed to making Laboratory ’79 a better 
place to go. A better, more effective, central London 
exhibition, 

You'll come? 


EARO AO DAR- 27 








The most important names with some of the most 
renowned scientific equipment will be there: 
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We're givingaT.1. 51-111 
calculator away to one visitor 

in every thousand — if his 
registration is neat enough to read! 


Send me my free ticket please, post haste. Attach a 2nd 
class stamp l 
by its corner 
here, please 
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Company 
Address 


Lignans 


To: Laboratory °79, 
34/36 High Street, Saffron Walden. Essex. CBIO EP. .... 
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Be here: 11-13 September! 


A NEW DECADE ~— 1980 IS LESS 
THAN 6 MONTHS AWAY. 
Laboratory “79 will provide you with an opportunity to 

plan for the "8Qs. 
All exhibitors have the same type of modular stands. 
All exhibitors have the same sizes. 
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A state of the art reportirom Marine Colloids 





SeaKem® Agarose is the preferred medium for electrophoresis 





Marine Colloids is the world leader in agarose with more experience and more end-use- 
specific types of agarose than any other manufacturer. Tell us the properties you want 
and we'll supply the agardse you need. Ask for a copy of our catalog and price list. 


OOOO EEEE E NCCC Ce 


GelBond™ film is making glass plates obsolete 
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GelBond is Marine Colloids’ tradename for the new transparent, flexible, specially- 
treated polyester film* to which freshly-prepared agarose, agar and polyacrylamide gels 
adhere and remain adhered during use. Its advantages are convenience, permanence and 
firm adhesion of the gels throughout drying, staining, destaining and storage. Try it 
once and you'll never go back to glass. Only Marine Colloids offers GelBond film. Ask for 
a copy of our GelBond bulletin and price list and free samples., 


*Custom manufactured for Marine Colloids by the IM Co, 
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IsoGel™ (No EEO) Agarose. A breakthrough in ISOELECTROFOCUSING 
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The IEF procedure separates and concentrates proteins on the basis of minute 
differences in their isoelectric points. Until recently, the application of the IEF technique 
in continuous media was limited to polyacrylamide gels despite their notorious 
limitations. With the advent of IsoGel, the many familiar advantages of agarose are now 
commercially available in a gel medium having no electroendosmosis (~My). In addition 
and perhaps most important is its capability of direct and immediate extraction and 
focusing of proteins from biopsy tissue. Ask for a copy of our new instruction manual 
which describes the Agarose Isoelectrofocusing technique and provides a recommended 
procedure for protein analysis. 


For Serum Protein Analysis, GelBond™ film with SeaKem® Agarose 
offers superior resolution plus 


World leaders in Clinical Chemistry now recognize the superiority of SeaKem Agarose 
and GelBond film over cellulose acetate for routine serum EP. They have come 

to prefer the convenience, reproducibility, greater yield of diagnostic information 

and sharp, permanent records provided by SeaKem and GelBond. [AGAROSE GEL 
ELECTROPHORESIS, submitted by J.-O. Jeppsson, C.-B. Laurell and B. Franzén, 
Department of Clinical Chemistry, Malmé General Hospital, Sweden, is now a proposed 
selected method of the ASCC (Clinical Chemistry Vol. 25, #4, 1979)] 





For reprints, orders, product information, price lists and 
samples, call us at toll-free 1-800-341-1574. Or write FMC 
Corporation, Marine Colloids Division, Bio Products, 
Rockland, Maine 04841. TWX 710-229-1973, Answer Back: 
Marcoloid Rold, Cable: Marcolloid 
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ACHEMA °’79 





ACHEMA 79, the 19th Chemical 
Engineers’ Exhibition-Congress, is to 
be held in Frankfurt on June 17--23. 
This ACHEMA news section gives 


brief notes on some of the products 
on show. For more details from the 
manufacturers circle the appropriate 
numbers on the card bound inside 
the cover. 


Krupp 

At ACHEMA 1979 Krupp Atlas- 
Elektronik will be presenting the pro- 
cess video system PVS 1050, an 
improved version of the colour video 
system PVS 1100 which has been used 
for some years in the chemical indus- 
try. This new system enables a user who 
already has a process computer to 
adopt process video technology at 
relatively low cost. The PVS 1050 does 
not require a mass storage unit and 
serves as a terminal for connection to 
a control computer via standard inter- 
faces. Colour process diagrams, curves, 
bar charts and texts are displayed on 
a screen. The diagrams are created 
interactively with a light pen and key- 
board. Chemical pumps require bearing 
components made of material resistant 
to chemicals. Mechanical seals made 
of the new hardmetal grade GTK, a 
nickel-bonded alloy developed by 
Krupp Widia, can also be installed in 
pumps handling corrosive fluids. These 
are available with diameters of up to 
350 mm. They are made of solid hard- 
metal or fitted with hardmental rings 
which are clamped or soldered in 
position. 

Cutting mill knives are used in the 
plastics industry for on-line size reduc- 
tion of the constituents of plastics 
mixes and for cuting up plastics scrap 
for recycling. These materials have 
highly abrasive fillers and the knives 
thus become blunt quickly. Krupp 
Widia has developed a new highly 
wear-resistant hardmetal grade and 
nov supplies mechanically clamped 
cutting elements for these knives. They 
can be reground several times, ensure 
economic production, especially with 
fibre-glass reinforced duro- and thermo- 
plastics, and have service life of up to 
49 times that of conventional steel 
knives. 

At ACHEMA 1979 Krupp Widia 
will be exhibiting hardmetal-tipped 
granulator plates for granulating 
polyethylene. This innovation increases 
the service life 15-fold compared with 
the hardfaced design previously used. 
Circle No. 69 on Reader Enquiry Card. 





Henry Wiggin 

The Wiggin exhibit highlights Wiggin’s 
ability to meet all the main inter- 
national specifications in the manufac- 
ture of nickel based alloys for the 
construction of chemical and petro- 
chemical plant. Among the products to 
be featured will be the well-known 
Nickel 200/201, Monel alloys 400 and 
K500, Inconel alloys 600 and 625 and 
Incoloy alloys 800H and 825. Recent 
additions to the range are Corronel 
alloys B2 and C4 and Alloy G. Alloy G 
(from Huntington Alloys Inc.) is a 
high-nickel alloy which, in acidic and 
alkaline environments, is used for its 
high level of resistance to pitting and 
stress-corrosion cracking. 
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Senior Platecoil heat exchanger 


Senior Platecoil Ltd 

Senior Platecoil Limited of Watford, 
England exhibit for the first time at 
ACHEMA 1979 a range of embossed 
metal plate-type heat exchangers 
manufactured by their new hydraulic 
expansion process. Platecoils are used 
for -heating or cooling process liquids by 
either immersion in process vessels, 
incorporated into vessel walls as integ- 
ral sections or clamped externally to 
vessel wals. Materials of manufacture 
are normally high grade carbon steel, 
AISI 316 stainless steel or commercially 
pure titanium. Oher materials of manu- 
facture include, for example, Hasteloy, 
Incoloy, Monel or other exotic alloys. 
Heating or cooling media include 
steam, hot water, hot oil, chilled water 
or refrigerants. All Platecoils are pres- 
sure tested before despatch and operat- 
ing pressures can be as high as 22 bar 
g. Platecoils can be shaped, curved, 
rolled into full cylinders or even pro- 
vided with cutouts to give the maxi- 
mum design flexibility demanded by 
process engineers. 
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Biichi 

The new Biichi rotary evaporators, 
R-110, RE-120 and EL-130, are charac- 
terised by the following features: 
completely new design, compact con- 
struction, improved stability, robust, 
smooth quick-action jack, optimum 
sealing system and electric or electronic 
speed control. 
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Heraeus change-over assembly for 
gas cylinders 


Heraeus 

New from Heraeus is a low-priced as- 
sembly for automatic change-over to a 
reserve gas cylinder. This automatic 
change-over assembly, type GM, is most 
useful in those cases where a continu- 
ous supply of gas must be maintained 
with minimum attendance. The as- 
sembly is designed for connection to 
two gas cylinders (or batteries of cylin- 
ders), one of which serves as reserve. 
It changes over automatically to the 
reserve cylinder as soon as the first. 
cylinder is empty. The fact that the- 
cylinder is empty and should, therefore, 
be replaced, is indicated by a red lamp. - 
A buzzer can be provided additionally. 
The signal will stop only after connec-. 
tion of the new cylinder, which will 
then serve as reserve. Manual change- 
over is possible at any time. The 
change-over assembly may be used only 
in conjunction with compressed ofr 
liquefied gases, such as CO, No and 
Ox. 
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George Kent Group ene 
The George Kent Group are showing a 
comprehensive range of products 
including significant new items at the 
ACHEMA exhibition. The Kent dis- 
plays form a prominent part of 
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Votumetrics Pipettors 


50 ui, 100 pi 
Accuracy and reproducibility better 


than + 1%. Priced as low as $2.00 ea. 


VOLUMETRICS WORK STATION holds 2 Pipettors 
and 250 tips (shown without dust cover). 


Pasteur + Plus 


DISPOSABLE PLASTIC 
TRANSFER PIPETTES | 


STOR 






Regular 
Ultra lean-tubed 


A safer alternative to the 
glass pipette. No bulb to 
leak, safe one time use 


without risk of e 

contamination., , 9 
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Publication... 
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is Available in 
MICROFORM 


For Complete Information 
customers should write: 


University Microfilms 


international 

Dept FA. Dept FA 

300 North Zeeb Road 18 Bedford Row 
Ann Arbor, Mi 48106 London, WCIR E.J 
USA. England 
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We carry a full 
line of disposable 
polypropylene tips 

for our own and many 
other pipetiors. 


Ultipettes 
Excellent for Pasteur pipetting. Five 


adjustable models: to 1 ml, to 2 ml, to 5 
mi. (with air bleed for optional use). 2 ml 


and 5 ml models also available in PTFE for 


? 


acids and solvents. 


Finnpipettes 


OVER 70,000 IN USE WORLD WIDE. 


tt 


Accurate, reproducible 
adjustable micropipelting. 
5 instruments to cover 
the range from 1 ulto 
5,000 ul. 


Steady-State 
Enzyme 
Kinetics 


Stanley 
Ainsworth 


identifies the basic ideas of the subject 
tor the graduate and advanced 
undergraduate student, and 
familiarises the reader with them so 
that they may then be applied to any 
problem likely to be encountered. 
Although it cannot altogether avoid 
mathematical presentation, almost all 
the equations used require only an 
elementary acquaintance with 
algebraic manipulation. Moreover the 
arguments themselves are presented 
as fully as possible to enable the reader 
to progress easily fron each stage to 
the next. 

£10.00 0 333 15008 2 


To obtain a copy of this book, please 
order through your normal supplier or 
send £11.00, including carriage to 
Technical Books, Services, P.O. Box 
79, Maidenhead, Berkshire SL6 2EG. 













Nature Vol. 279 14 June 1979 


the BBC Brown Boveri stand. Equip- 
ment on display comes from six manu- 
facturing companies in the Kent group 
—-computer based process control 
systems from Kent Automation 
Systems, Hitchin; electronic process 
contro] instrumentation and flow- 
measuring equipment from Kent 
Instruments, Luton; process analytical 
instrumentation from Electronic 
Instruments, Chertsey; pneumatic pro- 
cess control instrumentation from 
Kent-Tieghi, Italy; level instrumenta- 
tion and electronic recorders, indicatérs 
and controllers from Foster Cambridge, 
St Neots: and gas monitoring equip- 
ment from George Kent Electronic 
Products, Cambridge. On show for the 
first time is a new generation of inte- 
grated electronic process control instru- 
mentation, the P4000 system. Process 
analytical instrumentation includes 
equipment for measuring pH, conduc- 
tivity and dissolved exygen, and a range 
of selective ión monitors. Oxygen 
measuring instruments include the 
Model 9407 automatic dissolved oxygen 
system which increases the conveni- 
ence and reliability of oxygen measure- 
ments, even in stagnant conditions, by 
providing in sifu remote calibration 
checks and cleaning. The 8000 series 
of selective ion monitors is designed 
for continuous on-stream monitoring 
of specific-ion concentration. Eight dif- 
ferent ions can be identified and 
measured by models in the series. A 
new colorimetric analyser for silica will 
be on show. This is the Model 806! 
which provides a continuous readout 
of silica concentration in the range 
0-2,000 p.p.b. This unit has important 
applications in the power generation 
industry. A filtration system can be 
incorporated to allow the monitoring 
of heavily polluted samples. 

Circle No. 99 on Reader Enquiry Card. 


Stanton Redcroft 

Stanton Redcroft will be exhibiting a 
new simultaneous thermobalance-dif- 
ferential thermal analyser for measur- 
ing weight and thermal changes of 
materials. This equipment uses micro- 
processors and allows the physical and 
chemical phenomena of many different 
materials to be studied. The established 
universal digital temperature program- 
mers will be displayed showing their 
versatility in operation from desktop 
calculators. Also on show will be a well 
established range of thermobalances 
and differential thermal analysers. Of 
particular note is the quality control 
application of the TG 750 in fields such 
as plastics and food. The flammability 
field is now rapidly growing, and the 
complete range of oxygen index test 
equipment operating at room tempera- 
ture and up to 400 °C will be displayed. 
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Other products manufactured by Stan- 
ton Redcroft include a hot stage micro- 
scope attachment, thermomechanical 


analyser and mineral insulated thermo- 
couples. 
Circle No. 98 on Reader Enquiry Card. 





Anhydro pilot spin-dryer 


Anhydro 

Equipment on show on the Anhydro 
stand includes a new laboratory spin 
flash drying plant suitable for tests 
with highly viscous materials such as 
pastes. Also available is a new com- 
pact spray dryer for use as a pilot 
system. 

Circle No. 97 on Reader Enquiry Card. 


Caldyn 

In Caldyn gas impregnation and atom- 
ising plants the property of gas/liquid 
mixtures to have a substantially lower 
sonic velocity than the gas or liquid 
alone is utilised to atomise liquids and 
to generate minute gas bubbles. Liquid 
and gas are mixed together in the 
Caldyn CSL nozzle and accelerated to 
the sonic (critical) velocity of the two- 
phase mixture. The mixture is expanded 
to the environmental pressure at the 
nozzle outlet. Atomisation is achieved 
with very low energy consumption. 
Circle No. 96 on Reader Enquiry Card. 


Langley Alloys 
In addition to their general range of 
special alloy materials, stainless steels, 


nickel alloys, cupro-nickel and 
aluminium bronze, and valves in stain- 
less steel and nickel alloys, special 


features on the Langley Alloys stand 
include: Ferralium alloy 255—demon- 
Stration of its pitting resistance and 
crevice corrosion resistance. Ferralium 
alloy 288—new cast alloy with improved 
resistance to phosphoric and sulphuric 
acids. A new cast nickel-molybdenum 
alloy, Niralium alloy 130, is introduced. 
Circle No. 95 on Reader Enquiry Card. 


V. C. Filters 

V. C. Filters, in association with 
L. B. Holliday & Co. of Huddersfield, 
have developed and are now market- 
ing multiple cell electrolysers for use 
in electrochemical processing. These 
units are suitable for a variety of 
electrochemical processes including 
electro-organic synthesis, ‘chlor-alkali’ 
processes such as chlorine/caustic 
soda, sodium hypochlorite, chlorate 
and bromate manufacture and the re- 
oxidation of many inorganic redox 
species used for oxidation of organic 
compounds. The electrolyser contains 
Im’ electrodes and can be readily 
built up to a maximum of 40 cells per 
unit, The assembly may be of mono- 
polar or bipolar arrangement and con- 
tains optional ion exchange mem- 
branes. Other sizes of electrolyser are 
also available, including a small labora- 
tory unit which is completely self 
contained and can be supplied with 
various interchangeable electrode 
materials. The unit can be extended to 
operate in a bipolar mode by the in- 
clusion of more cells. An intermediate 
or pilot sized plant is also available. 
Circle No. 94 on Reader Enquiry Card. 


Driam 

Driacoater filmcoating equipment from 
Driam is designed for filmcoating 
pharmaceutical tablets, hard and soft 
granulates and pellets with organic 
solvents and aqueous dispersions. A 
fluidised bed is developed in the drum 
of the Driacoater by drying air enter- 
ing over a rotating distributor by way 
of hollow ribs immersing into the pro- 
duct bed. By elimination of baffles and 
development of a fluidised bed, an even 
mixture, a homogeneous coat as well 
as a gentle handling, also of very sen- 
sitive products, can be achieved. At the 
same time the counter-current air flow 
guarantees efficient drying. 
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Hilge Hygia-Bloc pump 


Hilge 

Hilge are showing a wide range of 
pumps made of chromium nickel steel 
for applications in chemical and bio- 
chemical engineering, water- and 
industrial technics, surface-, aircondi- 
tioning- and cleaning-treatments. 
Circle No. 92 on Reader Enquiry Card. 
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Alfa’s new 
1979-80 . 
Catalog 





NOW WITH 
ORGANICS. 


Alfa, the recognized leader in inor- 
ganic and organometallic research 
chemicals and materials, has added 
organic chemicals to its new, 1979- 
80 catalog, to better supply all of your 
needs from one convenient source. 


In addition to its new organic line, the 
Alfa Catalog includes: + Inorganics 
and Organometallics» Ultrapure 
Chemicals» Pure Elements» 
Puratronic® Products» Analytical 
Standards and* Research & Safety 
Equipment...at the lowest industry 
prices with attractive quantity 
discounts. Compare for yourself, 


This is the one valuable chemicals 
and materials handbook which you 
can't afford to be without. Send today 
for your free Alfa Catalog. 


Thiokol A Ventron Division 
Alfa Products 

Dept. 02, 

152 Andover Street 

Danvers, Massachusetts 01923 
(617) 777-1970 © (415) 836-1777 
Telex: 94-0378 ALFA DARS 
Name: 
Title: 
Company: 
Street: 
City: a 
State: — 
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The programmable computerised 


image analyser that doesn't need 
a programmer 





fou can program the new Quantimet 
System 23 for your image analysis 
applications with no computer 
srogramming knowledge. 


results in a frequency dist 
bution of feature length which is display 
on the system monitor as illustrated in t 
histogram below 


mage analysers count, measure and 
classify features in images from optical 
and electron microscopes, photographs, 
yegatives, cine film or macro objects. 
Applications vary widely and virtually 
>ach one requires a different type of 
analysis routine 


Using a similar sequence of keyboz 
instructions, the operator can enter expe 
mental variables and compose mas 
ematical expressions such as quadra 
equations, derivatives and comp 
descriptions of feature shape and textus 


Now you can easily develop, test and € 
new measurement concepts and s 
immediate results on the Quantine 
monitor or printout. After you have writ 


Jnlike any other image analyser, the 
ew System 23 incorporates a unique 
»perator-interactive image analysis 





<eyboard which enables you to program your analysis routine, store it on a h 
he System 23 for your image analysis application without using FORTRAN, speed magnetic disc for future use. When repeating the analysis, insert the disc is 
3ASIC or any other exotic programming language. the computer, enter the routine number and the System 23 runs automatica 
For example, when analysing features such as particles, fibres, etc., FILL IN THE COUPON BELOW AND MAIL IT NOW - OR CALL US ¢ 
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Feature Parameters displayed at intermediate or fina! Image Editor Pen (optional) 





each teature assıst in analysis of Histograms displayed on used on problem specimens to 
specimen monitor. Histograms can be ACCEPT, REJECT, CUT 
logarithmic, differential or JOIN or FILL 

integral a SS ae 
Cambridge Scientific Instruments LIMITE |Piease send me details of the Quantimet 720, System 2 
U.K. Rustat Road, Cambridge. CB1 3QH. tel. Cambridge (0223) 42021 telex 81162 Name ..... 
U.S.A. 40 Robert Pitt Drive. Monsey, New York 10952, tel. (914) 356 3331 telex 137 < 305 

ieee ee ans ; : COMPANY iss cscs cseccessiseasstivers 

Canada 2710 Brabant Marineau, Montreal, Quebec H4S 1L1, tel. (514) 337 4343 
W. Germany Harnackstrasse 35-43, D4600 Dortmund 1, tel. (0231) 12 60 86 telex 0822 7346 Position 
France Centre d'Affaires Paris Nord., 93153 Le Blanc Mesnil. tel 9310134 telex 230185 e 
S. Eastern Europe Lainzer Strasse 90, A-1130 Vienna; Austria, tel. 82 25 55 telex 13426 Address.. 
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Charles Austen Pumps Ltd 

Charles Austen are exhibiting a com- 
prehensive range of gas, air, vacuum 
and liquid pumps. These purpose- 
designed pumps are of small physical 
size, quiet in operation and simple to 
service. They are of the membrane type 
and completely oil free. Flow rates are 
0.70 litres per min, pressure 0.4 kg cm™ 
and vacuum 0.740 mm Hg. The pumps 
are used for medical and industrial re- 
search purposes, process control in- 
strumentation and in laboratory instru- 
ments, for example flame photometers, 
spectrophotometers, gas and air sam- 
pling instruments, environmental 
chambers, vacuum embedding instru- 
ments and ageing ovens. Charles Austen 
diaphragm liquid pumps are self prim- 
ing and ideally suited to applications 
where scavenging is necessary. The 
range of small centrifugal liquid pumps 
are used for filtration duties, cooling 
units and X-ray processing machines. 
The pumps are used in the following 
instruments manufactured by Charles 
Austen: the Vacuum Tweezer, which 
provides an effective and safe means of 
manipulating micro-miniature or deli- 
cate components during examination 
or assembly and a completely portable 
atmosphere sampling unit, the FI Mk. 
1, incorporating battery mains charger, 
flowmeter with control valve and timer. 
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System for trace elements 


analyses 


The BUCHI 
Digestor 445 sets 
new standards in 


sample preparation! 


Convincing advantages 


fully automated system for the digestion of 


large samples 
sample weight up to 30 g 


Physik Instrumente 

Smallest movements of less than 
0.01 um, can be produced with piezo- 
electric translators manufactured by 
Physik Instrumente. The translators 
feature high positioning accuracy with 
a resolution of 0.005 um V™: continu- 
ously variable length setting from 0 to 
40 um per piezoelectric unit: modular 
construction in small units which can 
be combined easily with various pos- 
itioning components: and fast reaction 
to the applied voltage with the total 
expansion taking place in microseconds. 





Precision will not change during the 
lifetime of the devices due to the ab- 
sence of wearing parts, and remote 
control makes them particularly suit- 
able for use in automatic process con- 
trol systems. Shown above are three 
translators being run from a Physik 
three-channel voltage source. 
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simultaneous digestion (ashing) of 6 samples 


in quartz-glass flasks 
small quantities of reagents 
no contamination 


no loss of trace elements during digestion 


high reproduceability 

sealed fume exhaust unit 

stepless regulation of the digestion 
temperature between 150-400°C. 
salt bath — safe and clean operation 
cooling system for exhaust tubes 
ge) e-hdlelame) EELE 





We are interested on your Digestor 445 


Name: 
Company: 
Department: 
Street: 

City 


Country 





Please send us your detailed intormation. 
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Neptune 

THe Neptune European Group are ex- 
hibiting a comprehensive range of their 
products together with models and 
photographs. The principal exhibit is 
the Autopress, a practical and mechani- 
cally uncomplicated automatic filter 
press. Developed by Johnson-Progress 
and Moseley Rubber Company, the 
Autopress has a total cake discharge 
(press open) time of less than 3 min. 
Membrane Moseley plates provide fil- 
tration at up to 15kg per cm? and 
Squeeze pressures of up to 20kg per 
cm’. Air-assisted cake discharge per- 
mits automation of the total press 
sequencing. Light safety curtains are 
eliminated and there are no moving 
parts in contact with the process 
liquids. Other exhibits include Glen- 
field industrial gate valves, the EPEX 
air relief valve for effluent systems, and 
the Neptune range of flowmeters and 
Tricon control instrumentation. The 
Neptune companies, OCP (Belgium), 
Hydrotec (France) and Kary (FRG), 
are specialists in water, waste water 
and sludge treatment and on exhibition 
will be tube settling modules, a mixed 
media column and a comprehensive 
photographic and diagrammatic display 
of their capabilities in the fields of 
Microfloc and water and waste water 
treatment technology. 
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BUCHI - 
advanced laboratory 
technique 


BUCHI Laboratory- 

Techniques Ltd. 

| CH-9230 Flawil, Switzerland 

— Tel. 071-83 4083 
Telex 77403 





Circle No. 17 on Reader Enquiry Card 


xxviii 


Pretema “ 

The 4000 seria is Pretema’s third gen- 
eration colour measurement system. 
The spectrophotometer itself satisfies 
all requirements of a modern spectro- 
photometer as regards optics, light 
sources, accuracy of measurement, 
speed, design, comfort in operation and 
maintenance. Matched with modern 
computers, with external data and pro- 
gram storage and input/output devices 
unreached in speed and comfort, and 
with a colour software that has grown 
in a 20 years’ search for the best assist- 
ance to the colourist, makes it an ex- 
tremely attractive system. 
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Huyck Fez 

The complete range of Fez woven and 
needled filter media will be shown at 
ACHEMA 79. Filter fabrics for liquid 
filtration include special fabrics for use 
in filter presses, rotary drum filters or 
as made-up bags for candle filters. Also 
on show is the first fibreglass needle 
felt with fibreglass base fabric— 
Huyglas—this new filter medium will 
have wide application in hot gas fil- 
tration. Huyglas is designed for appli- 
cation in pulse jet filters and also 
features higher mechanical stability 
than has previously been achieved 
with glassfibre woven filter media. 
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TABLE 





e Sterilisable & easily cleaned 
e Sturdy but lightweight for effortless 


handling 
e Versatile design 


| ANIMAL OPERATING 


Du Pont 

Chemical industry applications illus- 
trating the total corrosion protection 
afforded by Du Pont’s fluoroplastic and 
fluorinated elastomeric materials will 
be the feature of the company’s stand 
at ACHEMA. Most types of fluid 
handling equipment are now available 
with Tefion linings. In addition, dia- 
phragm valves lined with thermoplastic 
Tefzel fluoropolymer, a material offer- 
ing chemical resistance close to that of 
Tefion, have also come on the market. 
A new type of Du Pont heat exchanger 
known as the ‘interchanger’ will be 
exhibited at ACHEMA: for the first 
time. This development of the shell- 
and-tube concept takes double advan- 
tage of the chemical resistance of 
Teflon. One corrosive medium, such as 
spent sulphuric acid. or phosphoric 
acid, flows through the tubes of Teflon, 
while another corrosive fluid can flow 
around the tubes and through the shell, 
which is also Teflon-lined. Heat can be 
transferred from one liquid to the other 
in either direction. Seals and similar 
components made of Kalrez perfluori- 
nated elastomer will also be on show. 
This material combines many of the 
elastomeric properties of Viton with 
thermal stability, chemical resistance 
and electrical characteristics like those 
of Teflon, 
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Mastermix Engineering 

The Mastermix Mastermill is a hori- 
zontal bead mill for the high quality 
super fine dispersion of paints, inks, 
plastisols, organisols etc. It is capable 
of handling high viscosity materials 
with ease. Two versions will be on 
show, a 15 litre model with throughput 
capacity of 60 to 300 litres per h and 
the newly introduced | litre version 
which has been specially designed for 
experimental and pre-production batch 
work. The Mastermix Mastermill is 
now available in capacities of 1, 15, 
30, 60 and 150 hires. 
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Faudi 

Standard Faudi pressure filters offer 
versatile combinations for applications 
in chemical and petrochemical pro- 
cesses, in the mineral oil industry, in 
metal working, electroplating and for 
corrosive, toxic, inflammable and other 
hazardous liquids as well as for gases, 
air and steam. The range features 8 
sizes, 8 filter elements, 3 pressure 
ranges, 4 cover closures and 2 materials. 
A comprehensive selection of filter 
ratings between 1 and 1,000 um can be 
combined to cater for a wide variety 
of requirements. The filter elements 
are interchangeable and can be fully 
dismantled for easy cleaning. 
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— table top quickly removed for use ee 


without legs 


— height and tilt adjustment for 
operating comfort © 


— suitable for most animal sizes 
— collapsible for storage 


Plus a full range of sterilisable stainless steel 
accessories, cleats and animal support plates. 


Send for details today. 


BioScience (incorporating C.F. Palmer and George Washington Ltd.) 











Harbour Estate, Sheerness, Kent ME12 1RZ. 
Telephone: Sheerness (079-56) 67551 Telex: 965088 
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NOTE: To keep 
animais warm 
while on the 
operating table we 
offer our 
Homeothermic 
Blanket System. 
Details on request. 


A four-way electrical 
socket is fitted to one 

leg (home market only) 
plus an earth point on 

the underside of the table. 
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In tissue Culture 
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PETRIPERM 


Pa a novel culture dish 
e with gas permeable 
‘membrane as cellular 


Additional advantages of the PETRIPERM membrane are: 
@ UV permeable 200 nm 
@ Suitable for high power lightand fluorescence microscopy 


E The membrane can be cut for cell cloning, electron 
microscopy, staining and documentation 


@ Chemically resistant to acids. bases and organic solvents. . 


PETRIPERM is available either with a hydrophilic surface for 
optimal attachment, or with a hydrophobic surface for easy 
detachment of adherent cells. 


in the infact anmak the pH. ang the parte 
pressure of both oxygen and CO; eii 
environment are under total bochernucal anc 
physiological control This state 
approximated by available techniques 
mongayer cell culture in conventional hssue 
culture ware. Continuously changing gradients 
of these parameters in the micra-environment 
Gf cultured celis wil obscure the oalogical 
significance of culture depender phenomena 
PE TRIPERM is the prereauisee ior mh i 
control of pO: pCO: ; 
OR ry Sn vironment as gases i 

pos ftor} rectly trough the highly oas 

y 26m thick mem tra ne 


Froifaration of PLA Tumor Cats 


Thie thymicing meor fem x 73 


Heraeus— 
Co2-Incubator 
B 5060 EK/CO> 
We build the 
incubator with 
appropriate 
pCO:, pH and pO: 
control units 


W. C. HERAEUS GMBH 
Produktbereich 
Elektrowarme 
D-6450 HANAU 


| The Pendulum and Toxic Cloud 


= The Course of Dioxin Contamination 
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Thomas Whiteside 

This powerful investigative report raises grave questions 
about the long term effects of low-level contamination of the 
environment by very highly toxic substances, and describes 
the dilatory behaviour of the United States government in 


| taking appropriate regulatory action against such hazards, 


especially in view of the results of such appalling accidents as 
Seveso, and the defoliation of Vietnam. Simultaneous pub- 
lication Cloth £10.80 Paper £3.60. 


The Kindly Fruits of the Earth 


An Environmental Study of an Embryo Ecologist 

G. Evelyn Hutchinson 

In this charming memoir, a founder of population ecology 
describes his childhood, boyhood and early youth in 
Cambridge at a time when important discoveries and debates 
in science were made. This book reveals, in a hundred ways, 
the distinguishing feature of Hutchinson's mind: an 
all-embracing curiosity that moves between the scientific and 
the everyday in a way that illuminates both. Forthcoming 
£13.30 


An Introduction to Population Ecology 
G. Evelyn Hutchinson 

This introduction is written to appeal not only to beginners in 
ecology but also to an occasional historian, economist or 


sociologist, and those biologists in other areas of the science. 
£12.60 


Yale University Press 
New Haven & London 
13 Bedford Square, London WC1B 3JF 
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e Each lot tested 
for binding and dis- 
placement in a specific 
radicimmunoassay 

e m-Propanol solvent provides clear, 
easy-to-read chromatographs 

e Guaranteed <3% free iodide: <1% labeled organic impurities 

* Radiochromatogram included 


T3 Triiodothyronine, L-3,5 ,3’-[1251]- 
NEX-110  100-150uCi/ug 
NEX-110H 750-1250uCi/ug 


rT3 Triiodothyronine, L-3,3',5'-[125]]-(reverse T3) 
NEX-109 750-1250uCi/ug 


T4 Thyroxine, L-[1251]- 
NEX-111  100-150uCi/ug 
NEX-T11H_ = 750-1250uCi/ug 


Higher specific activities available. 
Request our 125] products brochure. 


Not for use in humans or clinical diagnosis 


GEY New England Nuclear 


549 Albany Street, Boston, Mass. 02118 
Call toll-free: 800-225-1879 
(in Massachusetts and International: 817-482-9595) 


NEN Chemicals GmbH, Dreieich, W. Germany; NEN Canada Ltd., Lachine, Quebec 
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The Millipore Steritest system 


Millipore 

Millipore will present at ACHEMA a 
comprehensive range of new, applica- 
tion-oriented displays in the processing, 
analytical and research fields. You can 
see at ACHEMA 79, Millipore pro- 
ducts such as the industrial cartridge- 
filter series, including the new Dura- 
pore and Fluorex and Fluorogard. 
Millipore water purification systems 
combine reverse osmosis, microfiltration 
and ultrafiltration equipment to meet 
laboratory and process requirements 
for purified and ultrapure waters. A 
new ‘closed system’ concept for ster- 
ility testing will also be on show to- 
gether with other Millipore products 
for particulate and microbiological 
analysis, ultrafiltration and fluid ster- 
ilisation. 
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Bausch & Lomb direct-view microscope 


Bausch & Lomb 

The Scientific Optical Products Divi- 
sion of Bausch & Lomb are displaying 
the complete range of Balplan and 
StereoZoom microscopes together with 
the latest developments in microscope 
accessories including photographic 
equipment. 
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Hick Hargreaves & Co. 

A new, skid-mounted Hick Sutorbilt 
blower package unit (capacities up to 
2,000 m* h`’) is exhibited by Hick Har- 
greaves. The package includes blower, 
motor and belt drive, inlet and outlet 
silencers, and optional relief valve and 
acoustic enclosure. The advantages 
offered are low price, quick delivery 
and easy installation. Also on display 
is a mimic diagram incorporating 
various vacuum raising products, heat 
exchangers and a fatty acid scrubber 
used on deodoriser systems. Energy 
conservation is demonstrated here by 
the recovery of heat absorbed by the 
cooling water in a heat exchanger and 
its conversion in a ‘flash’ vessel to low 
pressure heating steam. 
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G. H. Zeal Ltd 

G. H. Zeal Ltd of London, makers of 
high quality temperature measuring, 
recording and controlling instruments, 
will be displaying a large selection of 
their extensive product range at 
ACHEMA. The emphasis of the dis- 
play will be on the very popular groups 
of bi-metal, vapour pressure and 
mercury in steel actuated dial ther- 
mometers, both the new stainless steel 
cased heavy duty range and the ‘Slim- 
line’ series. Mercury in steel actuated 
chart temperature recorders will also 
be featured along with thermometers 
fitted with electric contacts and a work- 
ing model of the Zeatron remote read- 
ing electronic thermometer. The 
recently introduced Zeatron single 
channel push button operated portable 
electronic thermometer will also be on 
show. The display will include a large 
selection of both glass and metal hy- 
drometers, mercury and spirit filled 
laboratory thermometers and meteoro- 
logical thermometers. 
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Newman Hattersley International 
On the Newman Hattersley stand will 
be a selection of cast, forged and stain- 
less steel valves, particularly suited to 
the European chemical industry. These 
include Heaton cast and forged steel 
gate, globe and check valves, Daytona 
butterfly valves and the internationally 
approved firesafe Heaton carbon and 
stainless steel ball valve. Also on dis- 
play will be the Hender Bellows sealed 
valve which has demonstrated its 
atmospheric leakproof characteristics 
in a variety of tough environment appli- 
cations. Also on the stand, Sydney 
Smith Dennis Ltd. will be displaying a 
wide range of pressure gauges in a 
variety of sizes and case materials to 
suit the varying needs of the chemical 
industry. 
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Volac 

On view at ACHEMA is the full range 
of Volac volumetric glassware, dispos- 
able Pasteur and serological pipettes, 
Polystop reagent, dispensing and drop- 
ping bottles, and the Volac pipette 
plugging and de-plugging machine. 
John Poulten Ltd. will be introducing a 
range of pipetting devices, new bottles 
for water sampling procedures and in- 
dividually packed sterilised disposable 
pipettes. The new Volac Micro-Pipettor 
is produced in capacity ranges 0-50 ul, 
0-100 wl, 0-250 al and 0-500 ul, each 
colour coded and fully adjustable in 
0.2% increments, with digital capacity 
indication. Mk. II Volac pipette con- 
trollers feature graduated plungers, 
free flow control, universal push-fitting 
pipette attachment accepting all 
pipettes up to 103mm diameter and 
robust autoclavable construction. The 
0-2 ml model is an ideal instrument for 
use with all sizes of Pasteur pipettes. 
A complete range of sterilised, dispos- 
able graduated pipettes is available in 
six capacities from 1ml all colour 
coded, supplied in sleeves of five, each 
pipette sealed within its own individual 
compartment. 
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with a WA 
measuring station (top) and Hygroskop 


Retronic Hygroskop DT 


BT with a KG-HTI probe (bottom) 
Rotronic 

The new Rotronic Hygroskop HC hu- 
midity controller instantly detects any 
change in relative humidity with the 
reliability and accuracy indispensable to 
industrial applications. The sensing 
element used with this controller is 
highly stable and gives excellent pre- 
cision and high accuracy. Two relay 
outputs, each with make and rest con- 
tacts, operate at two different humidity 
levels. These levels are independent 
and can be easily adjusted with the help 
of a linear voltage output. Both the 
controller and its probe require little 
maintenance. The Rotronic Hygroskop 
DT high-precision laboratory humidity 
measuring apparatus is available as 
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Calblochem-Behring Corp. 
La Jolly, Calllornia 





The CALBIOCHEM-BEHRING BIOCHEMICAL AND IMMUNOCHEMI- 
CAL catalogue now contains over 2,000 product listings, including 
many new products. k | 


In order for you to obtain the background information on our products 
oa have, wherever possible, cross referenced each with the new Merck 
ndex. Py 


Please would you send us your name and address, we will forward you 
a copy of this catalogue together with the address of your local 
supplier. a a | 





CALBIOCHEM AG, P.O. Box 63, 6000 LUCERNE 5, SWITZERLAND 


_ Telex: 78170 Phone: (041) 227277 
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two different models. The low 
humidity model now permits measure- 
ments between 0 and 50% RH with a 
precision of +0.5% RH between 0 and 
10% RH, and +2% for higher hu- 
midity. The standard model takes 
measurements at 10-100% RH with 
an accuracy of +2% RH. The Hygro- 
skop BT is a portable electronic 
humidity meter which offers easy 
calibration and precision of +1.5% RH. 
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Geho Pompen 

Holthuis of Holland are represented 
at ACHEMA ’79 through their sub- 
sidiary company Geho Pompen. The 
company design and manufacture 
piston and diaphragm pumps for the 
feeding of filter presses, incinerators, 
heat treatment sludge plants, solids 
transportation, etc. Flow control sys- 
tems designed by Holthuis permit a re- 
duction of cycling time to 10-30%, for 
feeding filter presses when compared 
with conventional diaphragm pumps. 
Geho pumps also allow the transpor- 
tation of de-watered filter cake from 
centrifuges, belt presses, and so on. 
Further new developments are special 
pumps for the hydraulic transportation 
over large distances of material such 
as ore concentrates, coal slurries and 
industrial wastes. New developments 
in the field of hydraulic rapid closure 
systems are also shown. 
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Wild Heerbrugg 

New products on show include the 
MSAPO stereomicroscope which 
achieves the highest standards of sharp- 
ness, contrast and orthochromatism. 
The wide range of accessories made for 
the MSA will also suit the high- 
performance MSAPO. Also on show 
the MPS 45 Photoautomat for ma- 
crography and photomicrography and 
the M520 IR image converter which 
provides binocular observation in the 
near-IR range. The new Wild Heer- 
brugg EB _ transmitted-light stand 
provides better conditions for the 
observation and photography of speci- 
mens in the transmitted light bright 
field and with polarisation. 
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Nova Werke 

Nova present two new ranges of high- 
pressure laboratory units. (1) A mobile 
unit for use with liquids and gases at 
pressures of up to 700 bar and at tem- 
peratures of up to 350°C. A new 
feature of particular interest is an 
electronically controlled stirring unit, 
the Nova Rotacontrol. (2) The new 
Novawiss high pressure ‘equiphase’ 
research unit has been designed specifi- 
cally for visual observation of reactions 
under a pressure regime of up to 7,000 
bar and at up to 450 K. 
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Polytec 
Polytec have specialised in the laser 
field since its foundation and have pro- 
duced He-Ne-lasers since 1974. The 
new Polytec range is made up of 
cylindrical laser heads all having hard 
sealed integral optics for long shelf life. 
Units from 0.5mW to 1.5mW have 
the choice of integral or separate power 
supplies. The model 605 with a 0.5 mW 
multimode output is only 40mm in 
diameter and 265mm long including 
power supply making it the smallest 
commercially available He-Ne laser. 


- 
i 


The compact Polytec PL 605 laser 


The Karlsruhe system is designed for 
quick determination of the distribution 
of particle size and particle velocity in 
flows of aerosols and in translucent 
liquids at high particle concentrations 
(over 10° particles per cm’, depending 
on particle size). It is an ideal instru- 
ment for use in the laboratory and 
production: as a fast analyser for dust 
or power particle size distributions in 
dispersed state; for gas bubble distribu- 
tions in transparent liquids; for periodic 
or sampling quality control; and as a 
fast measuring instrument when work- 
ing with dispersed phases in gaseous or 
liquid flows. The modular electronic 
system comprises interfaces to com- 


puter, teletype, displays, tape punch 


and x-y plotters. The Laster-2-Focus- 
Velocimeter from Polytec is a compact 
electro-optical instrument for the 
precise non-intrusive, two-dimensional 
measurement of instantaneous velocity, 
flow direction and turbulence in liquid 
and gas flows. The velocity range is 
1-2,000 m s"'. The instrument measures 
the transient time of small particles 
which are dispersed in the fluid between 
two focused laser beams. The veloci- 
meter is not affected by background 
illumination. This results in high 
sensitivity even under adverse condi- 
tions. 
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Verder 

Thirty-five different pumps are now 
available from Verder (Deutschland) 
GmbH with capacities of between 
0.0008 ml per min and 700 litres per 
hour. The new tube-type models are 
particularly suitable for use in liquid 
chromatography and in other applica- 
tions requiring continuously varying 
liquid feeds. A new  micropump 
model will also be introduced at the 
ACHEMA show. 
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Gilmont Model V water still 


Roger Gilmont Instruments 

The Gilmont Instruments Model V 
water still delivers a product with the 
ultimate purity of up to 95% conduct- 
ivity water quality from tap water 
feed. It produces this quality product 
at a volume of 1.5 liters per hour con- 
tinuously. The Model V plugs into an 
ordinary 115-V a.c. receptacle, and 
uses a 1,000-W Vycor heater at 90% 
heating efficiency. An all-acrylic hous- 
ing offers rigidity and protection to the 
all glass still. When housed, it can be 
used on a rolling cart, or bench 
mounted for fixed operation. Assembly 
of the still inside the housing is fast 
and uncomplicated due to pre-set clamp 
holders, Teflon sleeves and Taper-Tite 
nuts. 
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Symalit 

The new Du Pont line of chemical 
vessel linings, Armalon, is introduced 
onto the European market by Symalit 
of Lenzburg, Switzerland. Armalon 
lining laminates consist of glass fabric 
bonded to a layer of Teflon film. The 
film is inert to virtually all chemicals 
and corrosives from —240°C to 
220°C. The laminates are highly 
resistant to de-lamination and con- 
form well to vessel shapes. They will 
accept epoxy, polyester, thermo-setting 
and some general-purpose adhesives to 
form strong long-lasting bonds on 
existing metal vessels. 
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Degussa 
This stand features chemicals for 
environmental protection (hydrogen 


peroxide, sodium chlorite and other 
oxidation chemicals, TMT 15). Cata- 
lysts made by Degussa include acti- 
vated nickel; precious and non- 
precious metal carriers and vehicle 
exhaust gas catalysts. Degussa show a 
full range of precious metals, special 
metals and alloys, electrical ther- 
mometers and tantalum coatings. 
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At Last! A Reliable Incubator Under $100 


Designed for Aerobic or Anaerobic 
Tissue Culture Experiments 


ks 


f | 
biltups-rothenberg ~ 


Circle No. 44 on Reader Enquiry Card. <o 


NEW AND FORTHCOMING IN 1979 


ADVANCES IN ENVIRONMENTAL SCIENCE AND ENGINEERING Vols 1 and 2 Edited by James Ptafflin and 
Edward Ziegler 


This new serial publication is designed to bring together recent contributions from respected scholars in the 
field of environmental science. 

Vol 1: ISBN 0 677 160704 296pp £27.80 

Vol 2: ISBN 0 677 148100 224pp £27.80 


RECENT ADVANCES IN ENVIRONMENTAL ANALYSIS Edited by R. W. Frei 


This up-to-date account of the present state of environmental analysis will provide valuable information for the 
many researchers in the field. 


ISBN 0 677 15950 1 364pp £27.50 


DIGRAPHS: THEORY AND TECHNIQUES D. F. Robinson and L. A. Foulds 


The theory of directed graphs (digraphs) and applications for analysis in real-life problems in fields from logic 
to O.R. 


“ISBN 0 677 05470 A 270pp Approx. £15.00 


SYNCHRONOUS MACHINES Mutukutla Sarma 


This book presents a unified development of the fundamental coupled-circuit theory of the transient 
performance of synchronous machines. 
ISBN 0 677 03930 1 600pp £26.70 


Announcing a New Periodical ... . . 
JOURNAL OF ECOLOGICAL AND LIFE CHEMISTRY Edited by Derek Bryce-Smith and John Manni, ( University of 
Reading) 


Brings together a wide selection of research reports focusing on distinct elements of chemical interest. 
4 issues per volume. All territories/all subscribers £65.00/$117.00 | 


GORDON AND BREACH SCIENCE PUBLISHERS 
42 Wiliam IV Street, London WC2N 4DE 


Fricas shown do not apply to N. America, subject to change without notice, 
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TATU CLASSIFIED ADVERTISEMENTS 


| JEAN NEVILLE . (LONDON OFFICE) 01 -831 6901 CYNTHIA TITUS . (NEW YORK OFFICE) (212) 765-5758 
CONDITIONS. T he Publisher reserves the’ right to refuse, amend, withdraw or otherwise deal with all advertisements submitted to him at his absolute discretion 
and without explanation. All advertisements must comply with the British Code of Advertising Practice. 
: . The Publishers will not be liable for any loss occasioned by the failure of any advertisement to appear from any cause whatever, nor do they accept liability for printers’ 
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Director 


Chemical Research 
Ann Arbor, Michigan 





| The Pharmaceutical Research Division of Warner- 

Lambert. is baer Den outstanding medicinal 
“oghemist to head its 

Tead a large team of org 


poon of Chemistry and 
nic, physical and analytical 
chemists in the exciting and demanding job of find- 
ing new and effective medicines. 


Current emphasis is in the areas of Anti-infective, 
CNS, Cardiovascular, Anti-allergic and Immunoreg- 
ulatory drugs. 


The research facilities located in Ann Arbor, Michigan, 
are among the finest and best equipped in the worid. 


The successful applicant will have: 
e An outstanding record of achievement in some 


UNIVERSITY OF 
NOTTINGHAM 
SCHOOL OF AGRICULTURE 
Sutton Bonington 
DEMONSTRATOR 
IN AGRICULTURE 


Applications are invited from can- 
didates with good honours degrees in 
Agriculture or appropriate Agricultural 
Sciences (including those who will 
graduate in 1979) for the post of 
Demonstrator in Agriculture to assist 


swih laboratory and field classes in 
Grop Production. The appointment will 


be for a period of three years com- 
mencing September 1979 and there will 
an opportunity to undertake re- 
search for submission for a higher 
degree. 
alary within the range £3,689 to 
£4,232 per annum (under review). 
Further details and forms of applica- 
tion, returnable not later than July 6, 
1979, from the Staff Appointments 
Officer, University of Nottingham, 
University Park, Nottingham NG7 
ZRD. Ref: 699. ZISA) 


UNIVERSITY OF 


UNIVERSITY OF 


CAMBRIDGE 
DEPARTMENT OF 
CLINICAL BIOCHEMISTR' 


School of Clinical Medici 


Hills Road 
A GRADUATE 


RESEARCH ASSISTANTS 


is available in the above Depar 
from August 1, 1979, The p 
supported by a grant from the 
come Trust and is funded 
September (981 with a possible « 
sion for a further two years. 

The starting salary is £3,961. 

The project involves the purifi 
and immunoassay of human 1 
specific proteins and the appli 
of such measurements to el 
problems. 

For further details contact Pro 
C. N. Hales, Department of Ci 
Biochemistry, University of Caml 
Clinical School, Addenbrooke’s } 
tal, Hills Road, Cambridge. 

Closing date for appisafion, Ji 


THE HANNAH 


area of medicinal chemistry, particularly in rela- CAMBRIDGE RESEARCH INSTITUT 
e A broad knowledge of medicinal chemistry NUTRITION production and utilisation of 1 
clinical skills. l RE UNIVERSITY 
e Management and leadership skills, with abilities DEMONSTRATORSHIP R hitler Beene Sor ek 


to encourage innovation and motivate the staff 
to a high level of performance. 


and be responsible for: 

e Ensuring a high level of scientific skills in 
the synthesis of potential new medicinal 
compounds. 

e The functioning of related areas of analytical 
and physical chemistry. 

e Some large scale preparations. 


The Director of Chemistry will report to the Vice 
President of Preclinical Research and work closely 
with the Director of Pharmacology and the Director 
of Toxicology as well as members of the Clinical 
Research Group. 


Join the exciting Research and Development Team 
at Warner-Lambert in this very key position and 
enjoy outstanding compensation, benefits and work 
environment. 


Send your resume and salary history/requirements 
in confidence to: 






in Animal Productivity/Nutrition in 
the Department of Applied Biology. 
Qualifications—-good Honours degree, 
research experience in some aspect of 
animal productivity related to nutrition 
and competence in biometry. 

Salary in scale £4,508 to £5,591. 
Pensionable under U.S.S, Limited con- 
tribution to removal expenses. 

Further details from and applications 
including full personal particulars, list 
of publications and names and 
addresses of not more than three ref- 
erees to the Secretary, Faculty of 
Biology ‘A’ Appointments Committec, 
Department of Applied Biology, Peme 
broke Street, Cambridge CB2 3DX, not 
later than July 6, 1979, 215A) 


UNIVERSITY OF LONDON 
INSTITUTE OF NEUROLOGY 
Applications are invited for 


Studies Department for a pers 
undertake work on the energy 
bolism of farm animals. The suce 
applicant will take charge ol 
animal calorimeters and wil 
responsible far the conduct a) 
section’s calorimetric experiments 
The appointment will be made ; 
Scientific Officer level, for 
minimum qualifications are a E 
in an appropriate subject (A 
Nutrition, Agricultural Science, 
ology, Biochemistry or Chemistr 
HLN.C. with appropriate exper 
The salary (under review) is J 
to £4,418, and there is a 
contributory pension scheme. 
Requests for further details s 
be addressed to: 
The Secretary, 
The Hannah Research Institu 
Ayr KAG SHL. 
Applications close on July 6, 
Ref: HRI 33. 2162 


Mr. D. Misner TWO PRE AND POSTDOCTOR 
Personnel Supervisor eS T IT ees POSITIONS 
WARNER-LAMBERT RESEARCH LABS POSTS | are available for individuals 
2800 Plymouth Road in a group supported by a S-year microbio ogy background or l ud) 
rae M.R.C. grant and working on the role the protein synthesising system 
Ann Arbor, Michigan 48106 U.S.A. of SHT in the brain. Experience in | special emphasis on ribosomes- 


W165(A) 


Warner-Lambert 





neurochemistry, pharmacology or the 
study of behaviour is an advantage, 
but not essential. 

Salary £2,915 to £3,779 (including 
Landon Weight ng). 

Curriculum vitae and names of two 
referees to Professor G. Curzon, De- 
partment of Neurochemistry, 33 Johns 


{t Mews, London WCIN 2NS8, 20871A} 


graphy, biogenesis and fun 
Teaching opportunities are avai 
Reply with résumé to: Dr Brix 
Sells, Professor and Director, Le 
tories of Molecular Biology, Fe 
of Medicine, Health Sciences © 
Memorial University of Newf 
land, St John’s, Newfoundland 
3V6, Canada. Wi63 











UNIVERSITY OF 


LIVERPOOL 
DEPARTMENT OF 
OCEANOGRAPHY 

POSTDOCTORAL SENIOR 


RESEARCH ASSISTANT 


_ Applications are invited for the post 
eof Senior Research Assistant in con- 






be carried out in the Mersey 
stuary. Candidates should possess a 
hD in analytical chemistry, marine 
hemistry, or a related subject. Th 
foject is sponsored for three years 
y the North West Water Authority. 
The initial salary will be either 
4,232 or £4,505 per annum. 
Applications, together with the 
sames of three referees, should be 
eeceived not later than July 7, 1979, 
‘y the Registrar, The University, P.O. 
Kox 147, Liverpool, L69 3BX, from 
“hom further particulars may þe ob- 
ained, Quote Ref: RV/635/N. 
2104(A) 





UNIVERSITY OF 


LIVERPOOL 
DEPARTMENT OF 
BIOCHEMISTRY 


RESEARCH ASSISTANTS 


Applications are invited from gra- 
sdates in Biochemistry or related 
abjects to work on projects investigat- 
oe (a) the turnover of specific proteins 
* normal and abnormal muscle.. The 
ewoject is funded for three years by 
oe MRC: and (b) the regulation of 
ootein breakdown in muscular dys- 
‘phy. The project is funded for three 
vars by the Muscular Dystrophy 
coup of Great Britain. 

The posts are under the supervision 

Dr. R. J. Beynon and applicants 
Ah an upper second or first class 
anours degree will be considered as 
endidates for a Ph.D, 

“The posts are tenable from October 

1979 at an initial salary of £3,689 
@ annum. 

Applications, together with the 
eames of three referees should be 
sseived not later than July 6, 1979, 

The Registrar, The University, P.O. 
x 147, Liverpool, L69 3BX, from 
wom further particulars may be 
mained. Quote Ref: RV/639 (a) or 
AN. 2106(A) 


UNIVERSITY OF 
EDINBURGH 


TECHNICIAN 


Required for the DEPARTMENT 
GENETICS, Kings Buildings, to 
@ a team working on the cellular 
molecular biology of eye tissues. 
swerience in at least one of the fol- 
ing techniques required: cell cub- 
, molecular biology, enzyme assays 
electrophoretic separation tech- 
saes, Further training will be given 
re needed. This appointment is 
oorted by the Medical Research 
neil and will be for a period of 
wears. Salary on the scale £3,474 to 
36 pa. Applications should include 
names and addresses of two re- 
ees. REF: NS202. 
pplication forms for the above post 
be obtained from the Personne} 
vce, University of Edinburgh, 63 
“h Bridge, Edinburgh EHIE ILS. 
031-556-2930, Z1L19CA) 


se etatetehete 


EGUME AGRONOMIST/ 
BACTERIOLOGIST 
æ participate in international field 
riments to assess yield response of 
öcal legumes to inoculation with 
wobium. Ph.D. in legume agrono- 
physiology or bacteriology re- 
sad. Must be prepared to trave} ex- 
ovely and have previous field 
wience with tropical legumes, and 
ling inoculants., Demonstrated 
Ry to work on multi discipligary 
would be an advantage. Applica- 
to: Dr. Jakek Halliday, Nif{TAL 
set, University of Hawaii, P.O 
“O”, Paia, Hawaii 96779. The 
ærsity of Hawaii is an EEO/AA 
soyer. WISA? 





ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts. ALS 2JQ 
MOLECULAR BIOLOGIST 


There is a vacancy for a molecular 
biologist with experience in nucleic 
acid technique to join a team in the 
Biochemistry Department working on 
the genes specifying the cereal storage 
proteins. This team is part of a new 
programme within the Agricultural 
Research Service concerned with un- 
derstanding and manipulating of plant 
genes. 

Qualifications: First or Upper Second 
Class Honours Degree in Biochemistry 
or related subject with a minimum of 
two years’ relevant postgraduate re- 
search experience, Preference given to 
candidate with a Ph.D. degree. The 
appointment will be for three years in 
the first instance. 

Appointment in grade of Higher 
Scientific Officer (£4,101 to £5,448. 
(Pay Award pending.) Non-contributory 
superannuation. 

Apply in writing to the Secretary, 
giving names and addresses of two 
referees and quoting Ref. 366 by 
June 29, 1979. Further details on re- 
quest. 214A) 


ROTHAMSTED 
EXPERIMENTAL STATION 


Harpenden, Herts. ALS 2JQ 


STATISTICIAN required to work on 
problems of applied multivariate sta- 
tistics. The successful candidate will 
be expected to assist in developing 
new methodology, to recognise new 
preblems and to apply newly-developed 
methods, as well as well-established 
ones, to the analysis of multivariate 
data. A high level of research ability 
is sought. Applications will necessitate 
the use of computers, often using the 
Genstat statistical package, but will 
also require the writing of new pro- 
grams, for which a sound knowlege of 
modern numerical techniques is essen- 
tial. The post involves some consulting 
werk, especially with soil scientists. 

Minimum qualifications: Ist or up 
per 2nd class honours degree in 
mathematics or statistics, and prefer- 
ably a higher degree or equivalent 
post-graduate experience in a relevant 
field. An interest in applied matti- 
variate analysis is desirable. 

Appointment in grade of Scientific 
Officer (£2,839 to £4,418) or Higher 
Scientific Officer (£4,101 to £5,448) 
(Pay Award pending). At least two 
years’ relevant post qualifying experi- 
ence is required for appointment as 
HSO. Non-contributory superannua- 
tion, 

Apply in writing to the Secretary, 
giving names and addreses of two re- 
ferees and quoting Ref. 397 by June 
29, 1979. Further details on request. 

21ISCA) 


THE LONDON HOSPITAL 
MEDICAL COLLEGE 
(University of London) 

DEPARTMENT OF 
HAEMATOLOGY 
Applications are invited for the post of 

TECHNICAL ASSISTANT 
in the Serology Unit of the Department 
of Haematology. Candidates should 
hold appropriate University or LE, M.S. 
qualifications or equivalent. 

The post comprises forensic serology, 
both paternity tests and investigation 
of stains. 

Previous experience in blood group 
serology and/or electrophoretic tech- 
niques preferred. 

Salary according to age and experi- 
ence on Whitley Council Scale within 
the range £3,615 to £6,123 per annum, 
including London Weighting (currently 
under review). Four weeks’ annual 
holiday, plus extra days when College 
is closed. 

Further details from Professor 
Barbara Dodd, 01-247 $454, ext. 360. 

Applications in writing to The 
Secretary, The London Hospital 
Medical College, Turner Street, London 
El! 2AD, quoting Reference No. 
SUH6/79. Z09S(A} 
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EgSgIrRrO AUSTRALIA 
Division of Materials 
Science Production 

Technology Laboratory 
Woodville South Australia 


CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 
7,000 employees—2,400 of whom are research and professional 
scientists—located in Divisions and Sections throughout 
Australia. 

General: The Division of Materials Science is engaged in 
broad areas at Catalysis and Surface Science, Engineering 
Ceramics and Refractories and Production Technology. It 
operates laboratories at Parkville, Fitzroy and Fisherman's Bend 
in Victoria and at Woodville in South Australia. The Production 
Technology Laboratory, Adelaide has a total staff of 
approximately 50 people and is a major component of the 
Division’s programs. There are good metallurgical support and 
computing facilities available. Pilot plant facilities are being 
established for research into the production of metallic 
components by a variety of techniques including casting, 
welding, forging and machining. All research staff are 
encouraged to sit on liaison committees and to maintain close 
contacts with manufacturing industry around Australia. 


Position No. 1— Ref. No. 370/350, 
Postdoctoral Research Fellow 
(Materials Science) 


Duties: To initiate and develop research projects concerned 
with the control of the structure of surface coatings applied for 
protection against wear or corrosion. Experimental equipment 
available for the projects is an R.F.-D.C. sputter-etch coating 
unit, a plasma spray unit and various vapour coating units. 
Current research interests extend also to the morphology and 
mechanisms of degradation of zinc-rich paints for corrosion 
control. 

Qualifications: PhD degree or equivalent in Materials 
Science. Experience in the structure and properties of coatings 
applied to metallic components or cutting tools. 

Salary: Within the range of: Research Scientist $15,422— 
$18,904 or Senior Research Scientist $19,572—$22,405 pa. 

Tenure: This appointment is for a fixed term of 5 years. 
Superannuation is available. 


Position No. 2— Ref. No. 370/349, 


Production Engineer 
(Metal Forming) 


Duties: Leader of an interdisciplinary team concerned with 
metal forming, particularly with forging of ferrous components. 
Current emphasis of the research centres on experimental and 
theoretical analysis of billet deformation and die design. The 
objective is to reduce production costs in forging by simplifying 
the production process and reducing the extent of finishing 
required on forged components. 

Qualifications: An experienced mechanical or manufacturing 
engineer is required with PhD qualifications or equivalent, and 
preferably with a background of mission-oriented research of 
relevance to manufacturing industry. The appointee should have 
mathematical ability and experience in computor modelling of 
deformation processes. 

Salary: Within the range of: Senior Research Scientist 

A$19,572-—-A$22,405 pa. Principal Research. Scientist 
A$23,247--A$26,368 pa. E 

Tenure: indefinite appointment wi h superannuation. 

Applications in duplicate, stating. Full personal and 
professional details, the names and addresses of at least two 
professional referees, and quoting the appropriate 
reference number(s) should reach: The Personnel Officer, 
Australian Scientific Liaison Office, Canberra House, 
Maltravers Street, London WC2R 3EH by 21st July, 1979. 

Applications in U.S.A. and Canada should be sent to: 
The Counsellor (Scientific), Embassy of Australia, 1601 
Massachusetts Avenue N.W., Washington D.C. 20036. 





21 49(A) 
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PHLS Centre for Applied Microbiology and 
ae Porton, Salisbury 
A vacancy exists for a 


Senior Grade 
icrobiologist 


to co-ordinate the scientific work of the Animal 
House in the Centre. He/she will be responsible to 
the veterinary surgeon in charge of animal facilities. 
The animal complex is large, and its functions 
include the supply of laboratory animals for the 
research programme of the Centre and the mainten- 
ance of primates and other animals experimentally 
infected with a variety of pathogenic micro- 
organisms. 


Applicants must hold a science degree and have 
at least four years’ postgraduate experience. In 
addition a qualification in animal technology, e.g. 
F.LA.T. is desirable. Applicants should also have 
considerable experience in the scientific work in an 
animal house and in particular the containment of 
pathogens. 


Salary: Senior Grade Microbiologist £5,451 to 
£6,837. N.H.S. terms and conditions of service. 


Further details of the post can be obtained from 
Dr A. Baskerville (Tel. 0980-610391). 


Applications stating date of birth, qualifications, 
exnerience and publications and naming three 


referees should be sent to Mrs M. 


Bushby, C.A.M.R., Porton Down, Salis- 
Cambridge Area Health Authority (T) 















bury, Wilts. SP4 0JG. 2137(A) 





Bublic Health Laboratory 
Service Board. 


Addenbrooke's Hospital Cambridge 


Department of Clinical Biochemistry, 
Cambridge University 


Basic Grade Biochemist 


Applications are invited for the above N.H.S. post. Applicants 
should have a good honours degree in Biochemistry, Chemistry 
or the equivalent. The possession of some post graduate 
experience of clinical biochemistry or a Ph.D. in a relevant field 
will be an advantage. 


The department is a joint University/NHS laboratory and 
encourages research for which there are excellent facilities. 
Research interests include diabetes, immunoassay, biochemistry 
of membranes and tissue-specific proteins. The laboratory 
provides diagnostic services for all the Cambridge hospitals and 
acts as a regional centre including the East Anglian Regional 
Hormone Assay Service. 


The appointment will provide further training and experience 
in clinical biochemistry and the opportunity to carry out 
research. Study for higher qualifications will be encouraged. 


Whitley Council conditions apply. Salary scale (under review) : 
Probationary £3,486 (min.) ; Post Probationary £3,798 (min.) 
to £4,899 (depending on experience). N.H.S. superannuation. 


Application forms and further particulars may be 

obtained from Professor C. N. Hales, Department of 

Clinical Biochemistry, Addenbrooke's Hospital, 

Hills Road, Cambridge CB2 2QR. Closing date 27th July. 
2074(A) 














THE HANNAH RESEARCH INSTITUTE 


FOR STUDIES RELATING TO THE PRODUCTION 
AND UTILISATION OF MILK 


HEAD OF THE BIOCHEMISTRY DEPARTMEN’ 


Applications are invited for the above post. Applicants should hav 
a considerable research experience in animal or microbial biochemist: 
supported by publications in scientific journals. Preference may be give 
to persons with a specialist interest in the energy metabolism of tł 


mammary gland. 


The post will carry responsibility for the co-ordination and directio 
of current research into the lipid metabolism of the tissues of ruminant 
the degradation in the rumen of the structural constituents of herbag: 
and the regulation of microbial metabolism in the rumen, and for tł 


initiation of new werk. 


Appointment will be in the Senior oe Scientific Officer grad 
salary range £11,449 to £12,882 (from August 1, 1979), A non-contributoi 


pension scheme is operating. 


Further particulars may be obtained from The Secretary, Hanna 


Research Institute, Ayr KAG SHL, 


to whom applications, giving ag 


curriculum vitae, list of publications and the names of three refere 


should be forwarded by July 20, 1979. Ref. HRI 35. 


UNIVERSITY OF 
EAST ANGLIA 


Norwich 
SCHOOL OF CHEMICAL SCIENCES 
ELECTRON ENERGY LOSS 
SPECTROSCOPY 
OF ADSORBED MOLECULES 
Applications are invited for an 


S.R.C. POSTDOCTORAL 
RESEARCH APPOINTMENT 


to werk with this new highly sensitive 
technique of vibrational spectroscopy 
in. order to study the structure of 
chemisorbed species on single-crystal 
planes of metals. Such measurements 
will be made in conjunction with a 
range of other surface analytical tech- 
niques. Experience in the application 
of electron spectroscopic techniques in 
surface chemical physics would be of 
advantage. 

The project is a joint one between 
East Anglia and Queen Mary College, 
London (Professor J. Pritchard) but 
the successful applicant will be based 
at Norwich. The post is tenable for a 
period close to 3 years depending on 
the initial salary which will be near 
point 3 of the RAIA scale (£4,776). 

Applicants should write to Professor 
N., Sheppard, FRS, or Dr M. A. 
Chesters, School of Chemical Sciences, 
University of East Anglia, Norwich 
NR4 7TJ, enclosing a curriculum vitae 
and the names and addresses of two 


referees. 2155(A) 


ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts. ALS 2JQ 


Applications are invited from suitably 
qualified scientists fer the post of 
HEAD 
OF THE SOIL MICROBIOLOGY 
DEPARTMENT 


to succeed Dr P. 5. Nutman, FRS, 
who retires in Autumn 1979. 

The Soil Microbiology Department 
has over 20 scientific staff and receives 
many visitors. The scientist appointed 
will be expected to lead actively the 
study of soil micro-organisms of agri- 
cultural significance and to develop 
this research in collaboration with 
arid relevant disciplines at Rotham- 
sted, 


Appointment jin the grade of 
$.P.38.0., £11,449 by 2 increments to 
a maximum of £12,882. Non-con- 
tributory superannuation, 

Apply in writing to the Secretary 
giving names and addresses of two 
referees and quoting Ref. 378 by July 
20, 1979. Further details on request. 

Z163(A) 


Z161(A) 


UNIVERSITY OF LOND 
INSTITUTE OF NEUROLOC 


GRADUATE 
RESEARCH ASSISTAN 


required to work with a research 
in a study of effects of neur 
chemicals on metabolic properti 
the axon, Histochemical, bioche 
and autoradiographic methods w 
principally used. Post is suitable 
recent honours graduate (I or I 
zoology, physiology or similar su 
and the work could be used to 
gaining a higher degree. 

The post is supported by a 
year grant from Action Researc 
the Crippled Child at a starting 
of £4,218 (including London ~Z 
ance), 

Applications with curriculum 
and names of two referees to Pro 
J. B. Cavanagh, Institute of DÐ 
logy, the National Hospital, ¢ 
Square, London WCIN keer 





ROYAL POSTGRADUA 
MEDICAL SCHOOL 


University of London 
DEPARTMENT OF 
CLINICAL PHARMACOLOC 


JUNIOR TECHNICIA?D 


required to join, a team working c 
isolation and characterisation 
different forms of cytochrome 
from human tissues. The gł 
appointed will be trained to 
enzyme kinetics using a varie 
chemical and biochemical techn 
including GLC and HPLC. The 
is supported by a three-year grant 
the Medical Research Council. 

The successful candidate s 
possess an O.N.C. or equivalent 
appropriate subject. 

Salary up to £3,138 a year. 
_Application forms and further 
ticulars may be obtained fron 
Personnel Office, Royal Postgre 
Medical School, 150 Du Cane 
London W12 OHS, quoting refs 
number 20/MRC. 2083 








To place your 
advertisement in 
these pages 


Phone: 
01-831-6901 
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AUSTRALIAN NATIONAL 


UNIVERSITY 
RESEARCH SCHOOL OF 
CHEMISTRY 


RESEARCH FELLOWS 


Applications are invited for appoint- 
nent as Postdoctoral Research Fellow 
a the Research School of Chemistry. 
kppointments will be for two or three 
ears and may be made in any area 
f chemistry. Current major research 
aterests in the School are— 

Organic Chemistry: (Professor A. J. 
birch, Mr R. W. Rickards, Dr J. K. 
MacLeod, Dr L. N. Mander): in- 
luding organic chemistry of bio- 
ygically active compounds; synthetic 
ganic chemistry; organometallic 
hemistry in organic synthesis; metal- 
ammonia reduction studies. 
fnorganic Chemistry: (Professor 
a G. Hyde, Professor A. M. Sarge- 
m, Dr M. A. Bennett, Dr S. B. 
#ild (to arrivo including solid state 
aorganic chemistry; synthesis, struc- 
are and reaction mechanisms of 
ansition metal complexes; bio- 
aimetic chemistry; organo-transition 
setal chemistry and chiral arsines 
ad phosphines. 

Physical and Theoretical Chemistry: 
Professor D. P. Craig, Dr J. Fer- 
ason, Dr R. Bramiey, Dr T. R. 
aelberry): including molecular and 
astal theory; spectroscopy and 
sotochemistry; photophysics; dis- 
adered materials. 

Theoretical Organie Chemistry: Dr 

Radon. 

Mass Spectrometry: Dr L K 
wacLeod: organic and biological 

plications; ICR spectrometry. 

A-ray Crystallography. Dr G. B. 


wbertson, 
Analytical Chemistry: Miss B. J. 
sevenson. 
Appointments will be made 
amarily within these research 


DUPI, but proposals for independent 
search in areas which complement 
“isting programmes will also be 
“ssidered. 
Whe School is non-departmental 
4d is well equipped to contemporary 
andards. 
salary on appointment will be in 
-ordance with qualifications and 
erience within the range S$A15,78&6 
$420,606 per annum. Current ex- 
pense. rates $AI : UKEO.53p 
| 
Reasonable travel expenses are paid 
assistance with housing is given 
an appointee from outside Can- 
Wa. Superannuation benefits are 
odlable, 
“he University reserves the right 
_ tọ make an appointment or to 
Uke an appointment by invitation af 
time, 
“orther information obtainable 
wn the Association of Common- 
“th Universities (Appts), 36 
“don Square, London WCIH OPF. 
here is no application form. 
Selicants should supply to the 
istrar of the University, P.O. Box 
Canberra, A.C.T., Australia, by 
voust 31, 1979 a curriculum vitae, 
of publications and statement of 
March interests, together with two 
Swort-sized photographs, the names 
addresses of three academic 
prees and the probable date on 





a Postdoctoral Research 
cowship, if awarded, could be 
no up. 24 36(A) 


ANTHONY NOLAN 
BONE MARROW 
SEARCH LABORATORIES 
ot. Mary Abbots Hospital 
farloes Road, London W8 
NIOR GRADE PERSON 


_ red to take technical and partial 
menistrative charge of these labora- 
mainly responsible for tissue 
bone marrow volunteer donors. 










AGRICULTURAL 
RESEARCH COUNCIL 
INSTITUTE OF 
ANIMAL PHYSIOLOGY 
Babraham, Cambridge CB2 4AT 
Applications are invited from 


GRADUATES 


in Biochemistry or Cell Biology 
to join a small research group in- 
terested in the regulation of ovarian 
function in mammals. The officer will 
be involved in a wide range of bio- 
logical experiments including tissue 
culture, membrane function, radio» 
immunoassay of steroid hormones and 
characterisation of proteins, 

Salary in Scientific Officer scale, at 
present £2,839 to £4,418 per annum, 
but will be subject to the 1979 Civil 
Service pay review according to 
qualifications and experience. Appli- 
cants should have, or be expected to 
graduate with, a pass degree, H.N.C. 
or equivalent in the relevant biological 
science. Non-contributory superannua- 
tion scheme, 

Application form and further details 
may be obtained from the Secretary of 
the Institute, quote reference ARS?21. 
Closing date: June 28, 1979. 2166(A) 


PAPANICOLAOU 
CANCER RESEARCH 
INSTITUTE 


Applications are invited for 


POSTDOCTORAL 


RESEARCH ASSOCIATES 


to work with Dr F. Ahmad on {a} 
isolation, characterisation and control 
properties of enzymes involved in fatty 
acid metabolism in bacteria and = (b) 
to work on a neurochemical project 
invelving identification and eventual 
characterisation of a number of 
enzymes considered to be present in 
central nervous system myelin, eg, 
protein kinase{s} and phosphoprotein 
phosphatase(s). 

Applications, which should include a 
curriculum vitae and the names and 
addresses of three referees, should he 
sent by August 1, 1979, to Dr F. 
Ahmad, P.O. Box O16188, Miami, 
Florida, 33101, USA, from whom 
further particulars may be obtained. 
We are an equal opportunity employer. 

WHIOCLA) 


QUEEN ELIZABETH 
COLLEGE 
Kensington 

(University of London) 
RESEARCH 

DEMONSTRATORSHIP IN 

PLANT PATHOLOGY 


Applications are invited for a 
College Research Demonstratorship, 
available for a 3-year period in the 
Department of Biology, from October 
1979, The Demonstrator will be re- 
quired to register for a higher degree 
of the University of Landon and to 
conduct research on physiological / 
biochemical aspects of the resistance 
of carrot root tissue to Botrytis cinerea 
under the supervision of Dr 
Heale. 

The Demonstrator will receive a 
maintenance award of £2,250 per 
annum if Hving away from home and 
£1,370 per annum if living at home 
plus paid demonstrating (up to 150 
hours per year). All fees are also met. 

Applicants should have, or expect to 
obtain a minimum of an upper second 


class Honours degree in Biochemistry. 


Botany, Microbiology or related sub- 
ject, and should write to Dr J. B. 





GSEROQ AUSTRALIA 
Chief of Division 
Institute of Physical Sciences 
Division of Applied Physics 
sydney, NSW 


Applications are invited for the position of Chief, Division of 
Applied Physics, from scientists who have an established record of 
personal research achievement and leadership in an appropriate 
field of science. 

CSIRO is Australia’s largest and most comprehensive research 
organization, having approximately 7,000 employees of whom 2,400 
are research and professional scientists. Its broad charter covers 
research into problems of primary and secondary industries and also 
such fields of community interest as human nutrition, the 
environment and the development and use of natural resources. The 
Organization has recently grouped its research activities in five 
Institutes and the Division of Applied Physics is one of the 
Divisions within the Institute of Physical Sciences. Other Divisions 
in the Institute are Atmospheric Physics, Chemical Physics, Cloud 
Physics, Computing Research, Environmental Mechanics, Materials 
Science, Mathematics and Statistics, Radiophysics and the 
Australian Numerical Meteorology Research Centre. 

The Division of Applied Physics is located at Lindfield, a suburb of 
sydney, in the new National Measurement Laboratory which was 
opened in February 1979. In addition there are branch laboratories 
in Adelaide and Melbourne. 

The position of Chief will become vacant upon the retirement of 
the present incumbent in August 1979. The total staff of the 
Division is 410 which includes some 160 professional scientists. 

The objectives of the Division are: 

To establish and maintain the Australian legal standards of 

measurement as required by the Weights and Measures (National 

Standards) Act, together with the standards for basic and other 

physical quantities of importance to Australia. 

To promote, together with other national organizations such as 

National Association of Testing Authorities, and Standards 

Association of Australia, the development of calibration and 

other arrangements to enable the community to base its 

measurements on these standards. 

To undertake applied research of importance to industry and the 

community, utilizing the skills and resources of the Division and 

to collaborate with industry in exploiting promising developments. 

To undertake appropriate physical research utilizing the skills and 

resources available in the Division. 

To undertake any scientific and industrial research that the 

Executive sees as appropriate for the Division. 

To give advice and assistance to industry and the community in 

areas where the Division has special competence and to provide 

courses of training where appropriate. 

To participate in international scientific and technological 

activities, especially those arising from Australia’s obligations 

under the Metric Treaty. 

To support and co-operate with other nations establishing their 

own standards and measurement facilities. 

A Chief of a Division is responsible for the leadership, 
development, scientific direction and integration of the research 
programs of the Division, and is encouraged to promote active 
collaboration with other Divisions, industry and research bodies 
working in associated areas. A recent review of the work of the 
Division of Applied Physics pointed to the need for the Division to 
improve collaboration with other CSIRO Divisions, industry, and 
universities. The Chief will be expected to give attention to this 
aspect of the Division's activities. 

The salary for the position is negotiable but will not be less than 
$A34,374 pa. 

Appointment to the Organization is for an indefinite period and 
carries Commonwealth Superannuation privileges subject to normal 
conditions. The position of Chief is offered for a negotiable term 
of the order of seven years, with subsequent options for a further 
term, if mutually desired, or for a senior position in the Organization. 

Further information on the Division is in a booklet available on 
request from the Secretary, CSIRO at the address below. 

Dr W J McG Tegart, a member of the Executive of CSIRO, 
would be pleased to discuss the position with potential applicants. 
He would also be pleased to receive advice concerning this 


appointment from people with a particular interest in it vr Tee" 


can be contacted at the address below. 





Applications stating full personal and professional ¢ 
names of at least two professional referees and quoti 
number 750/762 should reach the Secretary by 14 July 
following address: The Secretary, CSIRO, PO Box 225, 
Dickson ACT 2602, AUSTRALIA. 







vacant shouid be graduate or senior | Heale (from whom further particulars 
itian and have higher qualifica- are available), Biology Department, 
Considerable experience in tissue Queen Elizabeth College, Campden 
og essential. Apoly in writing to | Hill, London W8 7AH, enclosing a 
.0. James, Blood Transfusion curriculum vitae and the names of 2 
Westminster Hospital, Dean Ryle academic referees. Closing date: June 
=, London SWI. ZIOA) 25, 1979. 2088(A) 
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aye 


VG Scientific Limited 


VG Scientific manufactures a range of highly sophisti- 
cated electron spectrometers. Due to the success of 
these products, particularly in the export market, we 
oe more personnel. Vacancies are available 
‘or 


Physicists, Engineers and Technicians 


with experience in electronics or electron spectrometry. 


A starting salary in the range £3,500 to £7,000 is 


« 


envisaged. Usual successful company benefits. Please 
write or telephone for an application form: 


Mrs S. J. Hudson, 

VG Scientific Limited, 

The Birches Industrial Estate, 
Imberhorne Lane, 

East Grinstead, 

West Sussex. 


Telephone East Grinstead (0342) 25011 


2167(A) 





DIRECTOR OF THE ARC 


Meat Research Institute 
Langford, Bristol BS18 7DY 








The Agricultural Research Council invites applications for the 
Post of Director of the Meat Research Institute which will 
become vacant on August 31, 1979 as a result of the resigna- 
tion of the present Director, Professor J. R. Norris, to take 
up a post in Industry. 






The Institute is concerned with applied research to meet the 
needs of the consumer and the meat industry. In addition it 
conducts a substantial programme of more fundamental work 
in animal physiology, muscle structure and biochemistry, 
together with aspects of food science including microbiology, 
biophysics and meat flavour. 








Candidates should have qualifications or equivalent experience 
in one or more of the disciplines encompassed by the above 
description together with a substantial record of research and 
proven ability in the conduct and management of research. 






The post is graded Deputy Chief Scientific Officer, the initial 
point on the salary scale being £12,773 rising by two annual 
increments fo £13,631. 0n August 1, 1979 the scale will be 
£13,359 rising by two. increments to £14,128 and on April 1, 
1980 to £13,359 fising by two increments to £14,372, There is 






applications is July 10, 1979. 


Further particulars and application forms may be 

obtained from Dr Gareth M. Price, Agricultural 

160 Great Portland Street, 
2082(A) 





Research Council, 
_ London. WIN 6DT. 






a non-contributory superannuation scheme. Closing date for 








UNIVERSITY OF DUNDEE 
DEPARTMENT OF 
BIOCHEMISTRY 
Applications are invited for a 


POSTDOCTORAL 
BIOCHEMIST 


Required to work with Dr Grahame 
Hardie on a project sponsored by the 
Medical Research Council. The investi- 
gation is concerned with the structure 
of mammalian fatty acid synthase, an 
enzyme which has seven active sites 
on a single polypeptide chain (see 
FEBS Letters (1978) 94, 33-37). Experi- 
ence in enzymology and/or protein 
chemistry will be an advantage. The 
appointment is for one year initially, 


renewable for a further two years, 


with starting salary on Range IA (up 
to £4,776, under review). Applications, 
with curriculum vitae, names of two 
referees, and an indication of date of 
availability, should be sent to The 
Secretary, The University, Dundee 
DDI 4HN by July 6, 1979. Please 
quote Reference EST/60/79J. 

2102A) 





A POSTDOCTORAL SCIENTIST is 
required to fill a vacancy in the Radio- 
therapy Research Department of the 
Institute of Cancer Research. The work 
of the Department involves the study 
of the biological effects of radiation 
and cytotoxic drugs on mouse tumours, 
human tumours, and heman tumour 
xenografts, making use of tissue 
culture techniques to assess in vitro 
cell cloning techniques for the direct 
testing of chemosensitivity in human 
tumours and familiarity with tissue 
culture and pharmacology would be an 
advantage. The appointment will be for 


an inital period of 3 vears, with a 
- possibility of extension. Salary in range 


£3,909 to £5,129 per annum plus 
London Allowance of £502 per annur. 
Applications in duplicate with the 
names of two referees to the Secretary, 
Institute of Cuncer Research, 34 
Sumner Place, London SW7 INU. 
quoting Ref. 300/077. 209004) 
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IMPERIAL CANCER 
RESEARCH FUND 
TECHNICIAN/RESEARCH 
OFFICER 


(1) Reguired in our new Cyto- 
genetics Laboratory to assist with 
analysing and identifying the 
human chromosomes in human/ 
mouse somatic cell hybrids, Ex- 


perience of human metaphase 
chromosomes, preparation of 
spreads and standard banding 
techniques useful, (Reference 
ESIL 

(2) Reguired to assist with bio- 
chemical and immunological 


assays on somatic cell hybrids for 
various enzymes, types of collagen 
and complement components. Ex- 
perience in a range of biochemical 
and immunological techniques 
essential. (Reference ES2). 
H.N.C./ Degree essential. Salary 
range £3,615 to £5,256. For fur- 
ther information and application 
form write or telephone, quoting 
above reference, to Miss Maddex, 
Imperial Cancer Research Fund, 
Lincoln’s Inn Fields, London 
WC2, on 01-242 0200, ext. 305. 


2129(A) 


ULSTER: 
THE NEW UNIVERSITY 
SCHOOL OF BIOLOGICAL 


AND ENVIRONMENTAL 
STUDIES 


S.R.C. Postgraduate 
Research Studentship 


Applications are invited from 
persons who hold or expect to 
hold a good honours degree in an 
appropriate subject for a student- 
ship to carry out research in one 
of the following areas:~~ 

i. Anapleretic carbon fixation 
by germinating seeds. (Dr A. M. 
Flinn.) 

2. Gastropod Biology--A range 
of topics are available including 
those of pheromonal influences on 
slug behaviour, the water economy 
of slugs and its relationship to 
behaviour and the organisation of 
the defensive responses of slugs 
and snails. (Dr T. Cook.) 

3 Comparative light and 

microscopic studies of 
coremium formation in the 
basidiomycete Pleurotus  cystidi- 
oxsus compared with morpho- 
logically similar ascomycetous 
forms. (Dr R. T. Moore.) 

Applications, giving an indica- 
tion of the preferred research 
topic and the names of two 
academic referees, should be sent 
at once to The Registrar, The 
New University of Ulster, 
Coleraine, N. Ireland BTS2 ISA. 

Ref: 79/49. 2146(A) 


electron 


THE UNIVERSITY OF LEEL 


DEPARTMENT OF PHYSICS 
Applications are invited from suitab 
qualified candidates for a tempor 

post of 
RESEARCH FELLOW 
in the above Department under f 
auspices of the LECE Joint Resear 
Scheme. The successful applica 
would undertake research, under t 
direction of Professor L M. Ward, 
molecular. conformations and orient 
tien in oriented polymers, working 
an active research group studying ¥ 
properties and microstructure 
polymers. The appointment will 
made for a fixed period of three yew 
Salary on the 1A scale for Resear 
and Analogous Staff £4,333 to £7." 
tunder review}, according to ag 
qualifications and experience. 
Application forms and — furtk 
particulars may be obtained from § 
Registrar, The University, Leeds L: 
OFT, quoting reference number 52/67 
Closing date for applications: July _ 
1979, 2156(A* 
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PIR X 





Head of Regulatory Affairs 


This is a new senior appointment, offering 
international scope, in the Medical & Develop- 
ment Division of Glaxo Group Research 
Limited at Greenford, Middlesex, The success- 
ful candidate will be responsible at Director 
level for the successful operation of the three 
Departments concerned with registration, re- 
registration and control, both in the UK and 
overseas, of all products developed from lab- 
oratory research at Greenford and at Ware, 
Herts. 


We are looking for a candidate, with an 
academic or industrial background, prepared 
to inform himself/herself on all aspects of 
regulatory affairs, and who will represent the 
Company often with other senior scientists or 
physicians at meetings with Registration 
Authorities worldwide. Applications are in- 


five figure salary + car 


vited from established physicians or scientists 
with biological knowledge, who should be at 
least 35 years of age. They should be capable 
organisers with the ability to ensure that our 
submissions to Regulatory Authorities are 
scientifically correct. 


The commencing salary should prove attrac- 
tive to candidates earning around £10,000 per 
annum. Other benefits include a non- 
contributory Pension Scheme, participation in 
the Group’s profitability and generous re- 
location expenses where appropriate. 


Please write, giving details of qualifications 


and relevant experience, to: Personnel 
Manager, Glaxo Group Research Limited, 
Greenford Road, Greenford, Middlesex, 
quoting reference number /267. 

2150(A) 





Glaxo Group Research Ltd. 


“NIVERSITY OF OXFORD 
DEPARTMENT OF 
OLOGY AND MINERALOGY 


RESEARCH ASSISTANT 
IN PALAEONTOLOGY 


o Research Assistant at either Pre- 
Postdoctoral level is required for 
riod of up to two years to work 
mer the direction of Dr W L 
sanedy on the evolution and bio- 
coraphy of European late Creta- 
as ammonite faunas. Candidates 
sald either have, or expect to gain 
wod Honours Degree (in the case 
. Predoctoral candidates) or have 
wed their doctorates (in the case 
Postdoctoral candidates). Starting 
ety will be in the range £3,689 to 
#1, depending on age and experi- 
ca Plus U.5.8. benefits. 


epplications together with the 
“es of two referees, should be 
enitted not later than June 23, 


", to Dr W. J. Kennedy, Depart 
é of Geology and Mineralogy, 
Road, Oxford OX1 3PR, from 
further particulars may be 
; Z13Q(A) 









NIVERSITY OF OXFORD 
UNIVERSITY 
LECTURESHIP 

| IN FORESTRY 

lëplications are invited for the 

œ post from candidates in the field 

iviculture. The salary will be ac- 

ng to age on the scale £4,232 to 

0 pa, Details may be obtained 

the Administrator, Department 

restry, South Parks Road, Oxford 

, 3RB, ta whom completed appli- 

ans (orne typed copy) should be sent 

the names of three referees by 
30, 1979, 2078(A4) 







KENYATTA 
UNIVERSITY COLLEGE 
KENYA 
Applications are invited for the 
following posts in the DEPART- 

MENT OF CHEMISTRY:- 

1. LECTURER IN PHYSICAL 
CHEMISTRY. Applicants must have 
a good first degree in Chemistry and 
a PhD. in some branch of Physical 
Chemistry. University teaching experi- 
ence at the undergraduate and post- 
graduate levels, and experience in 
Teacher Education will be considered 
advantageous. The appointee will be 
expected ta teach Physical Chemistry 
to undergraduate and M.Sc. students, 
and to carry out research in some 
branch of Physical Chemistry. 

2 LECTURER IN INORGANIC 
CHEMISTRY. Applicants should hold 
a good basic degree in Chemistry to- 
gether with a Ph.D. in Inorganic 
Chemistry. Experience in Teacher 
Education would be advantageous, The 


appointee will be required to teach in 


the B.Ed. and M.Sc. programmes and 
carry out research in some Reki of 
Inorganic Chemistry. l 

Salary scales: K£2,016 to 3,312 pa, 
(Kil sterling = £1.28). The British 
Government may supplement salary in 
range £4,278 to 4,818 ma, (sterling) for 
married appointee or £2,730 to 3,156 
p.a. (sterling) for single appointee 
(reviewed annually and normally 
free of all tax} and provide children's 
education allowances and holiday visit 
passages. Family passages: subsidized 
housing; S.S.8.F. or ESSU.: non-con- 
tributery medical sid scheme, Detailed 
applications (2 copies) with curricu- 
lum vitae and naming 3J referees 
should be sent by airmail to the 
Registrar, Kenyatta University College, 
P.O. Box 43844, Nairobi, Kenya by 
July 27, 1979, Applicants resident in 
the UK should also send one copy to 
Inter-University Council, 90/91 Totten- 
ham Court Road, London WIP ODT. 
Further details may be obtained from 
either address, 2iS4fA) 


NEWHOUSE, LANARKSHIRE 


PROGRAMMER 


Applications are invited for the above post which has arisen due to” 
expansion of activities in the Automation Unit within the Scientific 
Development Group of Organon Laboratories Ltd. 


The Automation Unit is responsible for providing computing facilities 
including on-line data capture, statistical analyses and a data-base 
management system for Chemists and Biologists engaged in research 
into the development of new drugs. The Automation Unit uses 
primarily a small network of PDP-11 computers under an RT11/ 
Remote-11 operating system. 


The person appointed will assist the Group Leader in the day to day 
manegement of these facilities and duties will include writing pro- 
grammes in FORTRAN. Some experience of scientific programming 
and PDP-11 computers would therefore be an advantage. 


Organon Laboratories Ltd. is located at Newhouse which is situated. 
on the M8 Glasgow- Edinburgh road. Conditions of employment are in _ 
keeping with the best modern practice and include salary commensurate 
with age and experience, Bonus, Sick Pay, Permanent Health Insurance, 
Pension and Life Assurance Schemes. . 


Written applications giving details of age, present salary, qualifications... 


and experience to date should be addressed for the attention of the f 
Personnel Manager, Organon Laboratories Ltd., Newhouse, Lanark- | 


shire, ML1 5SH, a 
_ 2076(A) | 














Biologist 


We are interested in 


recruiting an 


innovative 


post-doctoral research scientist, aged between 25 
and 30, to work in our Cell Biology Department. 
An interest in cell culture techniques in general and 
their application to the fields of inflammation and 
rheumatic diseases is desirable. The successful 
appointee will form part of a multi-disciplinary 


Garden City. 


where appropriate. 





project group and will be expected to interact with 
members of the Chemistry, Pharmacology and 
Biochemistry Departments. He/she will have day to 
day responsibility for three graduates and technical 
staff working in our modern laboratories in Welwyn 


Roche Products Limited is part of a major interna- 
tional pharmaceutical Company basedinSwitzerland 
and is itself one of the leaders in the industry in 
the United Kingdom. The salary payable for this new 
post will be commensurate with experience and 
assistance with relocation expenses may be offered 


if you are interested in applying for this post then 
please write or telephone Welwyn Garden City 
28128 quoting reference RHG and giving brief 
details of your career to Mr J. G. Bennett, Personnel 
Manager, Roche Products Limited, PO Box 8 
Welwyn Garden City, Herts AL7 3AY. 


2151(A) 








JOHN INNES INSTITUTE 
DEPARTMENT OF 
APPPLIED GENETICS 


Three-year temporary 
appointment 
BLOCHEMIST/ 
MOLECULAR BIOLOGIST 


required to join a group studying the 
organisation and expression of the 
plant genome. The work will involve 
the isolation and characterisation of a 
particular nuclear fraction as well as 
the characterisation of organelle 
DNA: although the group’s work will 
continue, this particular aspect is 
expected to be completed by the end 
of the three year period. The post 
offers considerable scope for a person 
interested in the analysis of DNA by 
a variety of techniques. Further 
particulars may be obtained from 
Professor D., Rov Davies. 

Applicants should have first or 
upper second class honours degree in 
biochemistry or appropriate subject, 
with at least two years’ experience in 
a relevant field. Appointment as 
Higher Scientific Officer (£4,101 to 
£5,448 per ahnum) (salary under 
review). Starting salary depending on 
experience, Non-contributory superan- 
nuation. 

Applications, quoting reference AG/ 
39, giving full particulars and the 
names of two referees, should be sent 
tö the Secretary, John Innes Institute, 
Colney Lane, Norwich NR4 70H, not 
later than July 12, 1979.  2111(€A) 


WOLFSON UNIT OF 
CHEMICAL 
ENTOMOLOGY 


University of Southampton 
DEPARTMENT OF CHEMISTRY 


Applications are invited 
for the post of 


RESEARCH ASSISTANT 


in the Wolfson Unit of Chemical 
Entomology from October 1, 1979, 
The unit is mainly concerned with 
the development of new methods 
for insect control and the major 
duty of the research assistant will 
be organic synthesis of biologically 
active compounds. In addition to 
custom synthesis a wide range of 
analytical services are offered to 
industry. Fhe successful applicant 
will be expected to collaborate 
closely with industrial sponsors and 
ideally will be aged between 21 and 
25 with a degree (or equivalent) in 
Chemistry. An interest in Biology 
would he helpful, although not 
essential. Part-time registration for 
a higher degree will be considered. 

The salary will be on a scale 
£3,778 to £4,333. 


a 


‘Applications including two ref- 


erees should be sent as soon as 
possible to Professor R. Baker, 
Department of Chemistry, The 
University, Highfield, Southampton 
SO9 SNH. Please quote Ref. N. 
2158(A) 
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THE WORLD HEALTH ORGANISATION 


invites applications for a post of Medical Officer (Chief 
of Cancer Unit) in the Division of Noncommunicable 


Diseases, W.H.O. Headquarters, Geneva. 


The incumbent of the post will be responsible for 
the planning, organisation and evaluation of the pro- 
gramme in the field of cancer control and prevention 


at headquarters level, and 


its coordination with 


regional office and the International Agency for 


Research on Cancer. 


Applicants should have a medical degree, with 
specialisation in an area of oncology. Experience in 
organising and evaluating cancer control programmes, 
and clinical experience are essential; statistical and 
research experience, as well as experience in inter- 
national health work, are desirable. Excellent knowl- 
edge of English or French, with working knowledge 
of the other language is required. 


Interested candidates with the required qualifications 
should write as soon as possible, enclosing a detailed 


curriculum vitae and quoting reference VN/CAN, to: 
The World Health Organisation 


Personnel 


CH-1211 Geneva 27 
Only candidates under serious consideration will be 


contacted. 


UNIVERSITY OF 


LIVERPOOL 
DEPARTMENT OF 
MICROBIOLOGY 
Applications are invited for the 
. post of a postdoctoral Research 
Fellow in the Department of Micro- 


biology. 

The research which is under the 
direction of Professor H. R. Perkins, 
will be concerned with the structure 
and biosynthesis of the bacterial 
envelope in relation to antibiotic 
action. 

The post is financed by the M.R.C. 
and the initial salary will be within 


the range £4,232 to £5,591 per annum. 


Applications, together with the 
names of two referees, should be 
received not later than July 13, 1979 
by The Registrar, The University, 
P.O. Box 147, Liverpool L69 3BX, 
fram whom further particulars may 
be obtained. Quote Ref: RV/647/N. 

2143{A) 





UNIVERSITY OF 


PENNSYLVANIA 


POSTDOCTORAL POSITION to study 
control of Gene Expression and 
Steroid Hormone/Chromatin 
Interactions in Cultured Human and 
Murine Mammary Tumour Cells 


Applicant must have strong bio- 
chemistry background. Experience 
with fractionation techniques, nucleic 
acid hybridization, steroid hormones, 
antibody production, and/or tissue 
culture desirable. Send resume, three 
letters of recommendation and univer- 
sity record to Dr Fred R. Frankel, 
249 Johnson Pavilion, University of 
Pennslyvania, Phila. Pa. U.S.A. 
19104. W168{A) 


WITITA) 


ANTWERP UNIVERSITY 
Belgium 
CARDIOVASCULAR INSTITUT: 
Applications are invited for a post: 

RESEARCH ASSISTANT“ 


tenable for 1 year (starting 01.07 
to investigate the fonie activities 
heart cells. 

Salary range: 557.768 BF to 8092 
Candidates should have a good 
gree in biophysics, physiology, mE: 
cine or other related sciences wit’ 
particular interest in electrical } 
perties of excitable membranes, j 
Applications giving details of @ 

cation, experience and names 
addresses of two referees should | 
sent by June 20, 1979 to Persote 
Department, Universitaire  InsteF, 
Antwerpen, Universiteitsplein 1, 3s 
Wilrijk, Belgium. i 
Further details can be obtained P> 
Prof. dr. D. L. Brutsaert, Groenen” 
gerlaan 171, 2020 Antwerpen, ` 
031/30.59.80. WIG: 









BIOCHEMIST, CHEMIST ©. 
IMMUNOLOGISTP 


available summer 1979 Kiel/Ger: 
to continue in a project on repre 
tive immunology working with 
gen analysis and tissue cultures 
ported by the German Research F 
dation. Post doctoral status prefe 
not absolutely necessary. Send ¢ 
culum vitae, credentials and refer 
to: Dr. Mettler, Laboratory of Hw 
Reproduction, Dept. Obst. and Gye, 
University of Kiel, 2300 Kiel, Hee 
wischstr. 4, W. Germany. 

W 1646 
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SHEFFIELD SOUTHERN HEALTH DISTRICT 
(TEACHING) 
DEPARTMENT OF BACTERIOLOGY : 
NON-MEDICAL BACTERIOLOGIST 
(Basic Grade or Probationer) 


required to work in the Group Department of Bacteriology situated at 
Hallamshire Hospital and The Jessop Hospital for Women. 


the 
l Applicants should 
> logical Sciences and i 

of their course in Microbiology. 


possess a ist or 


should have spent part, 


2nd class Honours Degree in Bio- 
preferably the major part, 


Whitley Council Conditions of Service apply. 
Salary Scale £3,486 to £4,275 per annum for new entrants to the 
Health Service. Visits welcomed, by appointment with Mr J. M. Hind- 


- march, Principal Non-Medical 
(Telephone 0742-26484, Ext. 2607). 
Applications stating age, 
two referees to the: 


District Personnel Officer, District Personnel Office, 


Bacteriologist, 


Hallamshire Hospital 


qualifications and experience and naming 


B. Floor, Hallam- 


shire Hospital, Glossop Road, Sheffield $10 2IF. 


Closing date for application: June 25, 1979. 


2123(A) _ 


UNIVERSITY OF READING 
LECTURESHIP 


at 


THE NATIONAL COLLEGE OF FOOD TECHNOLOGY 
(SECOND ADVERTISEMENT) 


Applications are invited for a Lectureship, 
College of Food Technology, Weybridge, 


tenable at the National 
from persons with qualifications 


and experience in applied microbiology preferably of particular relevance 
to the food industry. The successful candidate will be expected to contri- 
bute to teaching at undergraduate and post-graduate levels and develop 


an experimental 


research programme. 


Opportunities for research are 


available in all aspects of food microbiology. | 
The appointment will be made from a date to be arranged with the 


successful candidate. 


Further information may be obtained from the Registrar (Room 214, 
Whiteknights House), The University, Whiteknight’, Reading ROS 2AH 
by whom applications should be received not later than Adigust 31, 4979. 


Applicants for the post advertised in March/April need not reapply. 


QUEEN ELIZABETH 
COLLEGE 
Kensington 

(University of London) 

POSTDOCTORAL 

RESEARCH ASSISTANT 

PHYSICS DEPARTMENT 
“pplications are invited for a 
“doctoral Research Assistant to 
k on the development of a set of 
“puter programmes which will pro- 

in real.time the neutron diffrac- 

data collected by the D 9 

esactometer multidector at Institut 
ve-Langevin, Grenoble. Applicants 
ald ideally have some experience 
wsrystallography and in high and 
level language computer pro- 
maming. The work will be carried 
mainly at Q.E.C., but will involve 
ear visits to ILL. 
sae appointment will be for one 
from September 1, 1979 in the 
_ instance, with the possibility of 
wal Initial salary in the range 
32 to £5,048 per annum (under 
oew) plus £502 per annum London 










application 
ZIJIA) 





NIVERSITY OF OXFORD 
i NUFFIELD 

» PROFESSORSHIP 

- OF ANAESTHETICS 


se electors intend to proceed to an 





referees but without testimonials, 
ol be received not later than 
(st 27, 1979 by the Registrar, Uni- 
y Offices, Wellington Square, 
OX! 23D, from whom further 
alars may be obtained. 

20805 AC 





2107CA) 


UNIVERSITY OF 


LIVERPOOL 
DEPARTMENT OF 
BIOCHEMISTRY 
Applications are invited from bio- 
chemists for the postdoctoral post of 


SENIOR RESEARCH 
ASSISTANT 


to work on the biochemistry of 
fluorescent iron-binding chromophores 
synthesized by some bacteria. A role 


in iron metabolism has only recently | 


been ascribed to some of these pig- 
ments. Familiarity with the concepts 


and techniques of microbiology would l 


be advantageous. The project iš 
financed for a period of three years. 


Initial salary in the range £4,232 | 


to 6£4,776 
benefits. 

. Applications, 
nantes of 


per annum with 5.8, 


together with the 
two referees, should be 


received not later than July §, 1979, 4 


by The Registrar, .The University, 
P.O. Box 147, Liverpool L69 3BX, 
from whom further particulars may 


be obtained. Quote Ref: RV/644/N. 


2I42(A) 





PORTSMOUTH 
POLYTECHNIC 
DEPARTMENT OF. BIOLOGICAL 
RESEARCH ASSOCIATE 

Postdoctoral graduates required to 
work on a study of invertebrate macro- 
fauna of marine soft sediments, Super- 
visor: Dr C, H. Thorp. i 

Salary: £3,510 to £3,609 per annum. 
Contract is initially for 2 years. © 

Application forms and further parti- 
culars from the Staff Office, Ports- 


mouth ‘Polytechnic, Alexandra House, 


Museum. Road, Portsmouth PO! 2QQ 
to whom completed applications should 
be returned by June 28, 1979. Quoting 
Reference number: B43. 2072 A) 





| | | 4 EUROPEAN SCIENCE FOUNDATION 





BRAIN AND BEHAVIOUR RESEARCH 


TR AINEESHIPS 


Traineeships of three, six or rarely nine months are 


offered to promising young scientists working in the 


area of brain and behaviour research in order to 


broaden their skills and knowledge in a field other 
than but related to their own. The grants are given to 
allow them to learn a particular technique abroad for 
which training is not offered in their own country. 


_ The trainee is expected to return to her/his original 
post upon termination of her/his training so that her/ 


his institute will in turn be able to benefit from newly 
acquired skills. 


<All applications have to be accompanied by a letter of 
“recommendation by the sending institute and by a 


‘letter of acceptance from the receiving institute. 


“Preference is given to post-docs under the age of 35. 


TRAVEL GRANTS 


-Travel grants are awarded to allow young research 


workers to visit another laboratory in connection with 
an on-going research project or to participate in inter- 
national meetings and symposia. In addition special 
grants are to be awarded to students to enable them 


to take part in the yearly meetings of the European 


Neuroscience Association (ENA) which this year will 
take place in Rome on September 10-14, 


Applications. should be accompanied by letters of 
recommendation from the sending institute and of 
invitation from the institute to be visited. Applicants 
should be postgraduate research workers with the 
exception of applications to attend the yearly ENA 
meeting. In this particular case preference is given to 
postgraduate students. 


The deadline for completed applications is March 15 
and September 15. Further information and applica- 
tion forms may be obtained from: 


Dr Stephanie Zobrist 

European Science Foundation 
European Training Programme in 
Brain and Behaviour Research 

1, quai Lezay Marnésia. 

F-67000 STRASBOURG 
FRANCE > oe 

Tel: (88) 35 30 63 


Telex: 890440 WI158(A) 


xli 


||| EUROPEAN TRAINING PROGRAMME 




























authenticated bacterial 


medical - relevance 


Telephone: 01-205 7041. 


July 6, 








LS 


READVERTISEMENT-— 
IMPROVED SALARY 


QUEEN MARY COLLEGE 
University of London 
FLUID MECHANICS ON 
THE DISTRIBUTED 
ARRAY PROCESSOR 


S.R.C. is funding research here into 
the Large Eddy Simulation of Turbu- 
lence and has awarded a grant for 
application of the Distributed Array 
Processor to this work. The D.A.P., 
a fundamental development in com- 
puter architecture, is particularly 
suited to solving the Navier-Stokes 
equations for fluid motion. Applica- 
tions are invited from those with 
relevant experience of large pro- 
grammes (D.A.P. uses a variant of 
FORTRAN): preference will be 
given to those with a knowledge of 
fluid mechanics. 


Appointment for 27 months in first 
instance with initial salary up to 
£7,388 per annum (including London 
Allowance), review in October 1979. 


Further details available from Pro- 
fessor D., C. Leslie, Nuclear Engineer- 
ing Department, while applications 
with curriculum vitae, publications 
and names of two referees, should 
be sent to The Registrar CN), Queen 
Mary College, Mile End Road, Lon- 
don El 4NS. 2135(A) 


Public Health Laboratory Service Boar eee 
61 Colindale Avenue, London NW9 SEQ 


(Consultant Medical Microbiologist _ 
OR Top grade Microbiologist) = 
National Collection of Type Cultures 
Central Public Health Laboratory 
Colindale 


Applications are invited from medical and non- 
medical graduates for the whole-time post of Curator 
of the National Collection of Type Cultures. The 
primary function of the NCTC is to -hold and supply 
cultures for 
control, assay, taxonomic and other purposes» to 
PHLS Laboratories, Universities, “Medical Schools, 
Hospitals and Industry. Other functions include the 
provision of an identification service for bacteria of 
that are difficult 
research on bacterial taxonomy (classification, nom- 
enclature, identification), and the provision of freeze- 
drying facilities for other PHLS Laboratories. A 
higher qualification is essential. 


The Laboratory may be visited by arrangement 
with the Acting Curator, Dr L. R. Hill, National 
Collection of Type Cultures, Central Public Health 
Laboratory, Colindale Avenue, London NW9 SHT. 


Public Health Laboratory 
Service Board. . 


education, 


to classify, 


Salary on NHS Consultant or Top grade Scientific 
Officer scale: other terms and conditions of service 
generally as for appointments in the NHS, 


Full particulars may be obtained from the 

Secretary to the PHLS Board, to whom applications 

should be sent to arrive not later than 

1979, stating date of birth, 

qualifications, experience. and. published 
work, and naming three referees. 


2077(A) 






MANCHESTER 
POLYTECHNIC 
DEPARTMENT OF 
CHEMISTRY 
LECTURER I 
IN CHEMISTRY 


Applicants should be broadly experi- | . 
in the practice of Analytical - 


enced 
Chemistry, 
the analytical 


and a special interest in. 


aspects of 


interest in contributing to the develop- 
ment of research activity 
priate fields, and 


teaching and/or 


industrial experience would also be an {o 


advantage. 
The successful applicant will contr 
bute to 


(particularly Analytical) on H.N.C./ 4 
H. N. 


C., H.N.D./H.D., Grad RLC, 


B.Sc, and M.Sc. courses in Chemistry, . 
and also to the service teaching of- 


Chemistry to students on courses in 
Biological Sciences, 


Science Education etc. 
Salary scale: £4,101 to £6,558, - 


tion form (returnable by June 30, 
1979), 
envelope marked 
Saints, Manchester M15 6BH. 
2079(A) 









“state Physics or related areas of science. 


organic . 
chemistry would be particularly appro- | 
priate. Applicants should have a’ Keen . 


= SCHOOL OF MEDICINE 


in appro- ` 





the: teaching of Chemistry). 
required in the above Department at 
Heath Park, Cardiff to work on the 
development and application of assays 





„labelled antibodies. The 
funded for a period of three years 
and would be suitable for a bio- 
chemistry graduate. wishing to read 
for a higher degree. Salary will be 


For further particulars and applic | £3,689. per annum. 


Polymer Science: 
and Technology, Food Technology, ` 


Further particulars and application 
forms quoting Ref. No. / 
may be obtained from the Registrar 
and Secretary, Welsh National School 


please send a self-addressed f 
eT 491° -to the. 
Secretary, Manchester Polytechnic, All 4 


CF4 4XN. 


\, the Nuclear 
/ Research 
Team 


RESEARCH OFFICER 


OPPORTUNITY FOR CANADIAN CITIZENS 
LIVING ABROAD 


-The Materials Science Branch of the Chemistry and Materials Division 
at Chalk River Nuclear Laboratories is looking for a scientist to join 
an active group seeking a fundamental understanding of the effect of 
irradiation on the creep and growth of zirconium alloys in nuclear 
reactors. The work will include the formation and migration of point 
defects in very high purity zirconium and their interaction with trace 
impurities. The successful candidate will also be expected to perform 
Basic research in the tield of irradiation effects and to examine the 
research in the field of irradiation effects and to examine the resultant 


effect on mechanical properties of zirconium alloys. 


Candidates should have a Ph.D. degree in physical metallurgy, solid 
In addition, applicants who 
have an advanced degree with relevant experience will also receive full 
consideration. Experience with radiation effects studies, tracer diffusion, 
and techniques for preparing high purity transition metals would be 
an advantage. 


Salary dependent on qualifications and experience. We offer good 
benefits package and a removal allowance to assist with moving expenses. 


Chalk River Nuclear Laboratories is located 190 kilometres north-west 
of Ottawa on the Ottawa River. Excellent educational facilities and 
year-round cultural and recreational activities are available in the Deep 
River-Pembroke area. 


Qualified men and women are invited to apply in confidence quoting 
file SA to Employment Supervisor, Atomic Energy of Canada Limited, 
Research Company, Chalk River Nuclear Laboratories, Chalk River, 
Ontario KOJ 1J0. WIGICA) 


ņ Atomic Energy U’Energie Atomique 


/ of Canada Limited du Canada, Limitée 





MANCHESTER AREA HEALTH AUTHORITY (T) 
CENTRAL DISTRICT 


RESEARCH TECHNICIAN 


For the University of Gastroenterology Research Labora- 
tory, Manchester Royal Infirmary, which is undertaking 
investigations into Coeliac disease. The work involves tissue 


culture of the small intestine. Previous experience in bio- 


chemical techniques advantageous. 


The appointment is for two years in the first instance. 
Salary will be in the range of £2,991 to £4,899 per annum 
depending on qualification and experience. 


Informal enquiries to Mr R. Lobley. Tel. 061-273 3300, 
Ext. 179. 


Application form and job description from the Deputy 
Administrator, Manchester Royal Infirmary, Oxford Road, 
Manchester M13 9WL. Closing date July 2. 2139(A) 


WELSH NATIONAL 
MEDICAL SCHOOL 
(University of London) 

RESEARCH ASSISTANT 


IN BIOCHEMISTRY 


Applications are invited Ë 
recent or 1979 honours graduates: 
biochemistry or chemistry to st 
mechanisms of biosynthesis, in 
cellular transport and proteo 
processing of secreted polypept® 
The appointment is for three y 
and is expected to lead to a PI 
degree. Minimum emoluments f 
October 1, 1979 £4,277 per ann 

Applications including a curricu 
vitae and names and addresses of | 
referees, should be sent immedie 
to Dr B. M. Austen, Department 
Peptide Chemistry, National Insti 
Cardiff | for Medical Research, Mill & 
London NW7 IAA. 2134 


(University of Wales) 
DEPARTMENT OF 
MEDICAL BIOCHEMISTRY 


RESEARCH OFFICER 


corticotrophin using 
project is 


_ human 


. 


38/4/28 





‘Medicine; Heath Park, 
vaki 2145(A) 


ST GEORGE’S HOSPITAL 


Nature Vol. 279 14 June 197 







Nature Vol. 279 14 June 1979 


Dr. Bernard Dixon will be leaving New Scientist this 
Autumn to pursue other science writing interests. 
Applications are invited for the post of Editor New 
scientist is the world’s leading science news weekly, 
occupying a unique position between professional 
journals and news magazines. It appeals to readers 
with widely diverse interests—students, professional 
scientists, businessmen and those with a géneral 
interest in science and technology. The circulation 

| of the magazine has been growing steadily during 
the 70's to its current level of over 80,000 copies 


a week. 


Applicants who have not held senior positions in 
science journalism are unlikely to have the 


experience required. 


Applications will be treated in the strictest 

| confidence and should be made in writing with 
comprehensive career details to Michael Godfrey, 
Publisher, New Scientist, IPC Magazines Limited, 
2625 King’s Reach lower Stamford Street, 


London SE19LS. 





UNIVERSITY OF 
DURHAM 


DEPARTMENT OF 
CHEMISTRY 


RESEARCH TECHNICIAN 
GRADE 5 


Applications are invited from 
altiably qualified persons for an 
R.C. funded post of a Research 
eechnician (Grade $) in the 
S.C.A. group. The post arises 
gom a new S.R.C. funded grant 
voposal on Structure, Bonding 
ad Reactivity of Polymer $ur 
sees and will be to February 
agi in the first instance from 
august 1, 1979 or a mutually 
wreeable date soon after. 


The person appointed will be 
“pected to make routine measure- 
ents of high energy (CE.S.C.A.) 
yotoclectron Spectrometers, pre- 
are samples and organise oe 
ad equipment in the ES C.A 
iboratories under the direction of 
eafessor D, T. Clark. Initial 
Mary £3,474 per annum, 
_Application forms and further 
stalls from: 
Personnel Officer, 
University Office, 
Old Shire Hall, 
Durham DHI JHP 
whom completed forms should 
returned by June 29, 1979. 
ZI41CA) 





2138(A) 


myanmar tempeh mbainne hpa o hrali rL La LAA iA RAEAN SAA AAE ENEAN 


CHELSEA COLLEGE 
University of London 
UNIVERSITY OF GHANA 
TEMPORARY LECTURESHIP 
IN GEOPHYSICS 


An Inter-University Council sup- 
ported jink scheme has existed since 
1976 between the Geology Depari» 
ments of Chelsea College and Uni- 
versity of Ghana. The scheme includes 
the post of Lecturer “in . Geophysics 
under the. Home Base Scheme and 
applications for this post are invited. 

The appointment is as Lecturer in 
the Geology Department, Chelsea 
College, for a period of two and a 
half years but the first two will be 
spent on secondment to the University 
of Ghana. Duties there will include 
undergraduate teaching of pure and 
applied geophysics and research in 
seismology, inchiding the operation of 
a  seismmograph station that has been 


recording since 1976, and aspects of 


applied geophysics. 

Salary scale while at the home base 
is £4,232 to £8,452 per annum plus 
£502 London Allowance. — 

At the University of Ghana the 
salary scale Cedis 6, 420 to Cedis 9,780 
(£i=Cedis 3.50 approx.) would be 
supplemented under the British Ex- 
patriate Supplementation Scheme where 
appropriate. This scheme provides 
salary supplementation in the range 
£6,018 to £7,068 married and £3,504 
to £4,296 single (under review}, plus 
appointment grant, allowances for 
family passages, education allowance 
and chikfren’s. holiday visit passages, 
etc. 

Further details and application forms 
from the Personnel Officer. Cheisea 
College, Friese Greene House, Chelsea 
Manor Street, London SW3 JTW. 
Applications to be received pA July 3, 
1979. 2084( A) 


GSIRO 


CENTRAL PUBLIC HEALTH 


required in the Division of Micro- Initial salary in the range f 
biological Reagents and Quality Con- to £3,199 per annum, on $ 3 
trol to assist in the production iB (depending upon g 
development and quality control of plus USS. 


diagnostic reagents. 


experience and qualifications to the 30, 1979, to _ the 
Personnel Officer, Central Public Secretary, Science 
Health Laboratory, Colindale Avenue, South Road, Durham 
London NW9 SHT. TIPE A ĝi- from whom farther pärt 
205 7041. 2075¢(4) be obtained. : 


Division of Radiophysics 
Appointment of 
Group Leader in 

Solar Radio Astronomy 


Group 
Sydney NSW 


CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 
7,006 employees-—2,400 of whom are research and professional 
scientists—located in Divisions and Sections throughout Australia. 

General: The Solar Radio Astronomy Group has a total staff of 
36, including 10 research scientists. Solar observations are carried 
out at the CSIRO Solar Radio Observatory at Culgoora near 
Narrabri, NSW, where 16 of the staff are resident. The principal 
observing instruments are the 3-frequency radioheliograph (now 
being converted to 4-frequency operation), the 8-8,000 MHz 
radio spectrograph the 24-220 MHz spectro-polarimeter (now being 
extended to 660 MHz) and a high-sensitivity acousto-optic 
spectrograph, 

Interpretation of the observational data and the development of 
observing instruments are conducted at the Divisional Headquarters 
at Epping a Sydney suburb. 

A major instrumental development now in progress is the 
conversion of the radioheliograph to a synthesis telescope using 
digital correlator techniques. Solar research topics include: 
emission mechanisms of solar radio bursts; the structure of the 
corona ; characteristics of shock waves and particle emissions 
associated with radio bursts. The Group conducts collaborative 
studies with other national and international institutes and will be 
actively participating in the coming Solar Maximum Mission and 
other Space Laboratory missions. 

Duties: The appointee will be responsible for the direction of the 
research activities of the Solar Group and will be expected to plan 
areas of research into solar radiophysics and maintain close 
contact with national and international groups engaged in similar 
fields. 

Qualifications: PhD or equivalent qualifications with a 
background in physical science or engineering and a record of 
personal achievements in research and leadership. 

Tenure: Appointment to the Organization is for an indefinite 
period with superannuation. The position of Solar Group Leader wilt 
be for a negotiable term of about five years, with options for 
further terms if mutually desired, or to a senior position in the 
Group. 

Salary: Senior Principal Research Scientist A$27,790— 
A$30,530 p.a. 

Applications in duplicate, stating full personal and professional 
details, the names and addresses of at least two professional 
referees, and quoting reference number 780/621 should reach: 
The Personnel Officer, Australian Scientific Liaison Office, 

Canberra House, 10-16 Maltravers Street, London WC2R 3EH, by 
30th August, 1979. 

Applications in U.S.A. and Canada should be sent to: The 
Counsellor Scientific, Embassy of Australia, 1601 Massachusetts 
Avenue, N.W., Washington, D.C. 20036, U.S.A. 


LABORATORY DEPARTMENT OF 


in Microbiology 


year, from October 1, 1979, 


Applications (three cop 


Applications with full details of age, three referees should be .4 


Inerganic/Physical Chemistry for one 





2148(A) 


UNIVERSITY OF DURHAM 


MEDICAL LABORATORY CHEMISTRY ` 
SCIENTIFIC OFFICER Applications are invited for the 
A.LM.L.S. or HNC. Kee” of Senior Demonstrator _ 


in 










tiv 





CSIRO STI 
Division of Materials Science 
Parkville, Victoria 


CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 
7,000 employees—2,400 of whom are research and professional 
scientists—located in Divisions and Sections throughout Australia. 

Field: Catalysis. 

General: The Division is engaged in a broad area of Surface 
Science, Materials Research and Production Technology. It 
operates laboratories at Parkville, Fitzroy and Fishermen's Bend in 
Victoria and at Woodville in South Australia. The appointees will 
be located at the Catalysis and Surface Science Laboratory, 
University of Melbourne, Parkville, Victoria. 


Position No.1. Ref. No: 370/348 


Postdoctoral Research 
Fellow 


Duties: To participate in a research group studying catalytic 
processes for fuel synthesis and processing; particularly reactions 
of cyclic hydrocarbons and heterocyclics in order to develop new 
catalysts for hydrotreating of petroleum and coal products. 

Tenure: The Fellowship will be for a period of five years. 
Superannuation is available. 


Position No. 2. Ref. No: 370/347 


Research Scientist 


Duties: To participate in a research group studying catalytic 
processes for fuel synthesis and processing ; in particular to 
investigate the preparation, characterization and use of dispersed 
metallic catalysts for hydrocarbon conversions and related processes. 

Tenure: Indefinite with superannuation. 

Salary: (for both positions) Research Scientist A$15,422— 
A$18,904 pa or Senior Research Scientist A$19,572--A$22,405 pa. 

Qualifications: (for both positions) A PhD degree in 
Chemistry or Chemicai Engineering or equivalent. 

Applications in duplicate, stating full personal. and professional 
details, the names and addresses of at least two professional 
referees, and quoting the appropriate reference number(s) 
should reach: The Personnel Officer, Australian Scientific Liaison 
Office, Canberra House, Maltravers Street, London WC2R 3EH 
by 13th July, 1979. Applications in U.S.A. and Canada should be 
sent to: The Counsellor (Scientific), Embassy of Australia, 

1601 Massachusetts Avenue N.W., Washington D.C. 20036. 
2147(A) 





Dundee College of Technology Department of Molecular & Life Sciences 


SENIOR LECTURESHIP / 
LECTURESHIP IN BIOLOGICAL SCIENCE 


Applicants should have an honours degree and a higher degree in 
biochemistry, mammalian physiology, or microbiology and extensive research 
or industrial experience. The person appointed will be required to make a 
substantial contribution to the teaching of biological sciences in degree, 
HND and HNC courses: he/she will also be expected to make a major 
contribution to course development, research, staff development and 
departmental administration. 


LECTURESHIPS IN CHEMISTRY 
(TWO POSTS) 


Applicants should have an honours degree and a higher degree in chemistry 
and suitable industrial or research experience. The persons appointed will be 
expected to make a contribution to the teaching of chemistry in degree, 
HND and HNC courses; they will also be expected to contribute to course 

_ development, research and departmental administration. ; 

Salary Scales: (presently under review) Senior Lectureship-——£7,155-—£7,962 
£9,042: Lectureship—£4,056—-£7,167 (bar) —£7,698. 

ing on these scales will depend upon approved prior experience. 
iculars and application forms obtainable from the Administrative 
nt (Establishment), Dundee College of Technology, Bell Street, 

DDI 1HG, to whom completed application forms should be 

ned by 29th June, 1979. 2103 (A) 
















AUSTRALIA | 


|. willingness to 






` UNIVERSITY OF DURHAM 


DEPARTMENT OF 
CHEMISTRY 
Applications are invited for the 
post. of- Temporary <Gecturer in 


Organic Chemistry Tor- three years. 
is hoped - 


from. October 1, 1979. Ht 
that-applicants will already have some 
lecturing experience. An interest in 
some branch of organofluorine chemi- 
stry or polymer chemistry (preparative 
or structure and bonding by means of 
photoelectron spectroscopy) and a 
join existing groups 
working in these fields would be an 
advantage. 

Initial salary on the range £4,333 
to £8,992 per annum, with siper- 
annuation. 

Applications (three copies} naming 
three referees should be sent by June 
30, to the Registrar and Secretary, 
Science Laboratories, South Road, 
Durham DH: 3LE, from whom 
further particulars may be obtained. 

2120(A) 


SOUTHAMPTON 


UNIVERSITY 
WOLFSON CENTRE FOR 
ELECTROCHEMICAL SCIENCE 


RESEARCH SCIENTIST 


Applications are invited for the 
position of Research Scientist in the 
Wolfson Centre for . Electrochemical 
Science, which is a contract research 
organisation offering a service to 
industry in all fields of pure and 
applied electrochemistry and electro- 
chemical engineering. 

Applicants should have a Ph.D. in 
a relevant subject or equivalent 
industrial experience. The salary will 
be within a range from £4,000 to 
£6,000 per annum (under review). 
Superannuation benefits, assistance 
towards relocation expenses. 

Applicants should send a curricu- 
lum vitae together with the names of 
two referees to Mr D. A. S. Copland, 


The | University, Southampton. SO9 
SNH; : quoting reference 203/Re 
s ZETIEA) 





UNIVERSITY OF BRISTOL 
DEPARTMENT OF BOTANY 
RESEARCH ASSISTANT 

to work on 


Root Surface Microorganisms 

A N.ELR.C. funded research assist- 
ant post is available for 3 years start- 
ing September 1979, to investigate the 
influence of environmental factors on 
the abundance of root-surface miero- 
organisms and on exudation by roots, 
Starting salary £3,689. per annum 
(scale subject to revision on October 
tst, 1979. Oppertunity to work for a 
higher degree, Qualifications required: 
good honours. degree in biology, micro- 
biology or a related subject. Further 
particulars from, and applications to, 
Dr E. L Newman, Botany Depart- 
ment, The University, Bristol BS8 
IUG. Closing date for applications 
July 9, 1979, JOGRA} 





Applications are invited for the 


position of 


ASSISTANT PROFESSOR 


(Tenure Track) of engineering 
science, Positions are available in 
September 1979 and January 1980. 


Applicants should possess a Ph.D. in 
engineering or a related physical 
science and have demonstrated the 
ability. to generate. original research. 
The positions involve research, teach- 
ing graduate and undergraduate 
courses and the guiding of graduate 
student research. Applicants should 
submit a curriculum vitaé, the names 
and addresses of three referees and a 
statement of teaching and research 
interests to A. M. Strauss, 
Department of Engineering Science, 
M.L. = 112, University of Cincinnati, 
Cinn. OH 45221. The University is 
an Equal Opportunity Affirmative 
Action. Employer. W 166(A) 


Nature Vol. 279 14 June 1979 





Head, 


UNIVERSITY OF WARWICK 

RESEARCH FELLOW IN 

PHYSICS/PHYSICAL ” 
© CHEMISTRY 
(Collaborative appointment with 
the University of Cambridge) 

Applications are invited for the 
above post to work in a joint projeci 
with Professor J. M. Thomas (Cam- 
bridge) and Dr R. F, Pettifer 
(Warwick) in a study of the charac- 
terisation of catalysts by extended 
X-ray absorpmion fine structure 
(EXAFS), i 

The successful applicant will be 
based at Warwick University, but 
will travel frequently to both Cam 
bridge and the Daresbury. Laboratory 
to work with the new s¥fichrotron 
radiation source. 

Applicants should possess a post 
graduate degree in either physics ol 
surface chemistry. A knowledge ol 
EXAFS or catalysts would be an 
advantage, but not essential, The 
post is offered for three years starting 
between October 1, 1979 and Febru- 
ary i, 1980 on the research range LA 
scale, £4,232 to £7,145 per annum. 

Further particulars and application 
farms available from the Academic 
Registrar, University of Warwick 
Coventry CV4 7AL, quoting ref. No 
44/24/79, to whom completed appli 
cations should be returned as soon a: 
possible. 2I22{A) 





HERPETOLOGIST 
HARVARD UNIVERSITY 


Harvard University seeks to make i 
tenure-track appointment in herpet 
ology of an assistant or associate pro 
fessor in the Department of Biolog: 
who will serve conjointly as an assist 
ant or associate curator in The 
Museum of Comparative Zoology 
Preference will be given to candidate 
with {D a strong research program i: 
herpetology, (2) ability to offe 
instruction at the undergraduate ane 
graduate levels, and (3) commitment te 
supervise and enhance a major herpe 
iological caHection, The closing dat 
for receipt of applications is Octobe 
15, 1979, and the appointment will take 
effect July 1, 1980. Applicants shoul: 
send a curriculum vitae, statement œ 
research interests, and names of thre 
references to: Herpetology Seare 
Committee, Office of the Chairmar 
Department of Biology, Harvard Un 
versity, Cambridge, Massachuset# 
02138. Harvard is an Equal Oppo 
tunity/Affirmative Action Employer. 

WISA) 
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THE UNIVERSITY OF 
MANCHESTER 
RESEARCH ASSOCIATE IN 
MEDICAL BIOPHYSICS 


Applications are invited frog 
engineers or physical scientists wh: 
wish tọ join a small interdisciplina 
group working on the importas 
problem of incontinence, TE: 
appointee would be expected ta tak 
a particular interest in models of th 
bladder and urethra and to appt 
this work to the design of artificii 
drainage systems for (he manageme#® 
of incontinence. The appointment 
for up to three years. Starting sal 
range per annum: £4,232 to £S, 
(£4.833 to £5,488 from October’ $ 
Further information from  Professe; 
B. R. Pallan, Department of Medic _ 
Biophysics, Stopford Building, TE 
University, Oxford Road, Manchest: 
M13 OPT. 2116(A) 






To place your 
advertisement in 
these pages 
Phone: 
01-831-6901 
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A 
Palynologist 


We are looking for a Palynologist to apply 
palynology to the biostratigraphical dis- 
crimination, dating and correlation of 
samples from geological surveys and ex- 
ploration wells as part of our central 
service to exploration areas world-wide. 





The salary will be determined according 
to age and experience. Fringe benefits 
include a non-contributory pension 
scheme, 4 weeks’ annual leave, relocation 
expenses and excellent sports and social 
facilities. 


if you have a good honours degree in 
Geology plus at least one years post- 
graduate training/experience in palynology 
and are interested in a career with BP, then 
please write giving details of your career, 
qualifications and experience to: 
Mirs. L. Fuller, 
Personnel & Administration, 
BP Research Centre, 
Chertsey Road, 
Sunbury-on-Thames, 
Middlesex TW16 7LN. 


BP Research Centre 
Sunbury on Thames 


2164(A) 





Agricultural Research Council 


INSTITUTE FOR RESEARCH ON ANIMAL 
DISEASES 


BIOMETRICIAN 


An experienced BIOMETRICIAN is required in the Statistics 
Section of the Institute. The successful applicant will be 
required to specialise in microbiological problems in infectious 
disease and to identifiy areas of research which would benefit 
from greater statistical involvement. The work will also require 
collaboration with research scientists and supervision of junior 
statisticians in the Section which has a remote computer link 
to the ICL 4/70-72 at Rothamsted Experimental Station. 


Candidates should have a Degree, HNC or equivalent in 
Mathematics/Statistics and will normally be expected to have 
had at least five years’ relevant practical post qualifying ex- 
perience. Salary in a scale (£4,101 to £5,448), currently under 
review. 

“The ARC Pension Scheme is non-contributory. 


The Institute is set in pleasant surroundings in a rural area 
with a staff restaurant and good recreational facilities. Ac- 
commodation for a single person can be provided if required. 


SS Application Forms from: Secretary, Institute for 
Research on Animal Diseases, Compton, Newbury, 


LARC) Berkshire quoting reference number 409, 


2133(A) 





STUDENTSHIPS 





PORTSMOUTH 

POLYTECHNIC 

DEPARTMENT OF 
BIOLOGICAL SCIENCES 


S.R.C. CASE. Studentships 


Post 1 Tithe: The use of tree-rings as 
a means of dating timbers from 
historical sites, 

Supervisor; Dr F. A. Hibbert. 
Co-operating body: Department of 
Environment, Ancients Monuments 
Laboratory, London. 

Post 2 ‘Title: Microbial infestation of 
Dieso fuel storage delivery systems. 
Supervisors: Drs R. A. Eaton and 
E. B. G. Jones. 
Co-operating body: Ministry of 
Defence, Central Dockyard Lab- 
oratory, Portsmouth, 


S.R.C. Studentship 
Post 3 Title: Oogenesis in develop- 
mentally retarded tadpoles of 
Xenopus laevis. 
Supervisor: Dr T. A. J. Reader. 


S.R.C. Advanced Course 
Studentships 
M.Sc. COURSE IN THE 
BIODETERIORATION 
OF MATERIALS 


A number of S.R.C. awards are 
available for suitably qualified students 
who wish to apply for the above 
course, 

Starting date for all posts: October 
RO 19°79, 

Applications to include a cur- 
riculum vitae and the names of two 
referees should be sent to the 
Administrative Assistant, Department 
of Biological Sciences, Portsmouth 
Polytechnic, King Henry I Street, 
Portsmouth PO! 2DY from whom 
further information can be obtained 
if desired. 

Closing date for all applications: 
June 28, 1979. 207 1(F) 





UNIVERSITY OF 
NOTTINGHAM 
MEDICAL SCHOOL 
SRC. CASE. 


STUDENTSHIPS 


Three S.R.C. C.A.S.E. awards will 
be available in the Department of 
Physiology and Pharmacology in col- 
laboration with LCA. (2) and Reckitt 
and Colman from October 1, 1979, 
They are for research (leading to a 
Ph.D) in the following areas: 

1. A physiolegical and pharmaco- 
lagical study of some of the factors 
contributing to the development of 
hypertension using rats with arterial 
hypertension induced by short-term 
isolation. Supervisor Dr T. Bennett. 

2. Two projects on CNS neuratrans- 
mitters and their possible role in 
mental disease. (a) Effects of S- 
hydroxytryptamine (SHT) agonists 
and antagonists on brain SHT meta- 
bolism and release. Supervisor Dr 

. A. Marsden. {tẹ Interactions 
between CNS thyrotropin-releasing 
hormone and biogenic amine re- 

lease. Supervisors Drs G. W. 

Bennett and C., A. Marsden. 

Applicants, honours graduates” or 
prospective honours graduates in 
physiology, pharmacology or related 
biological subiects, should write, as 
soon as possible, giving a brief cur- 
rriculum vitae and the names and 
addresses of two referees, to Professor 
P. H. Fentem. Department of Phwsi- 
ology and Pharmacology. Medical 
School; Queen's Medical Centre, 
Nottingham NG7 2UH. 

For further details about the projects 
please contact the relevant supervisors: 
Tel. 0602 7O0011T. ext. 3297 (GWB/ 
CAM) or 3600 (TB). 2092(F) 





U.M.LS.T. 
POSTGRADUATE STUDIES 
IN CORROSION SCIENCE 

CORROSION AND 
PROTECTION CENTRE 


Applications are invited from 
candidates possessing or expecting a 
good degree in science or engineering, 
or a suitable professional qualifica- 
tion, who wish to undertake post- 
graduate studies in corrosion science 
and engineering. The U.M.LS.T. 
Corrosion and Protection Centre 
involves over 100 academic, technical 
and postgraduate staff and students, 
and is well equipped with a variety 
of modern electronoptical and electro- 
chemical techniques. 

There are 3.R.C./C.A.S.E. student- 
ships or equivalent financial support 
available for research in a number 
of areas of corrosion and protection, 
including: 

(D) Electrochemical studies of 
paints. 

(2) Electrolytic colouring of 
aluminium. — 

(3) Microbial corrosion. 

(4) High temperature corrosion in 
low oxygen gases, 

(5) Breakdown of oxide scales by 
sulphur. 

(6) Glasses as anti-corrosive 
agents. 

(7) Oxidation of steels in Co/Co,, 

(8) Oxidation of ion implanted 
alloys. 

(9) Aluminium anodes for 
cathodic protection. 

(10) Mechanisms of inhibition of 
aluminium by paints. 

(11) Corrosion of ion-implanted 
magnesium. 

Research students are expected to 
register for the degree of M.Sc. (by 
research) or Ph.D, 

Applications will also be considered 
for the postgraduate courses in 
Corrosion Science or Terotechnology 
offered by the Centre. 

All applications and enquiries 
should be addressed to Professor 
G. €. Wood, Corrosion and Pro- 
tection Centre, University of Man- 
chester Institute of Science and 
Technology, P.O. Box 88, Man- 
chester. 2126(F) 





ROYAL 
HOLLOWAY COLLEGE 
(University of London) 


S.R.C. STUDENTSHIP 
DEPARTMENT OF 
BIOCHEMISTRY 


Applicants should have, or expect to 
gain this year, a good honours degree 
in Biochemistry for this research 
studentship tenable for 3 years and 
leading for a Ph.D. degree. The 
project, under the direction of Dr C. 
Rider, is an investigation of multiple 
molecular forms of mammalian 
enzymes of .citrate metabolism and a 
variety of fechniques in enzymology 
will be employed. 

Applications together with names 
and addresses of two referees should 
be sent to the Registrar, CN) Royal 
Holloway College, Egham Hill, 
Egham, Surrey. 2086(F) 





UNIVERSITY OF DURHAM 
DEPARTMENT OF PHYSICS 
C.A.S.E. STUDENTSHIP 

for work on readout noise sources 

{involving slice level testing), in 

SILICON DIODE ARRAYS in cob 

laboration with LP.L. Dorchester. The 

main interest is in low light level 
imaging for astronomy, 

AppHcations should be sent to Dr 
J. M. Breare, Department of Physics, 
Science Laboratories, South Road, 
Durham DHI 3JLE (Yel: 0385 64971). 
from whom further particulars may be 
obtained. 2091CF) 


xivi 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF 
METALLURGY AND 
MATERIALS SCIENCE 


S.R.C. C.ASE. 
AND AERE HARWELL 


sponsored Research Studentships 
Applications are invited from good 

honours (ist or 2(1)) graduates in 
Metallurgy / Materials Science or 
related Physical Sciences for three 
year sponsored research studentships 
tenable from October 1, 1979. The 
research projects are in the following 
areas: 

(a) Structure and Embrittiement of 
Low Alloy Ferritic Steels (two posi- 
tions). 

Research into the relation between 
micro-structure, segregation of alloy 
and impurity elements to grain 
boundaries and susceptibility to 
intergranular fracture in ferritic 
steels used for power engineering 
structures in collaboration with 
A.E.R.E. Harwell. Supervisors: Prof. 
B. L. Eyre and Dr B. C. Edwards. 

(b) Stress Corrosion Cracking in 
Aluminium Alloys. 

Research into the relation between 


the atomic structure of grain 
boundaries and observed rates of 
intergranular stress corrosion in 
commercial aluminium alloys in 


collaboration with Alcan Industries. 

Supervisors: Dr R. C. Pond and 

Dr C. Tuck. 

(c) Light-ion Bombardment of Non- 
metallic Materials. 

To investigate the effects of light, 

gas ion bombardment on the micro- 

structure and surface of ceramic 
materials having potential for use 
in fusion reactors in collaboration 
with the Culham Laboratory. Super- 

visors: Dr D. J. Bacon and Dr K. 

Erents. 

(d) Studentships and projects are also 
available in other areas, viz. heat 
treatment of steels, computer simula- 
tion of crystal defects, development 
of composite materials, mechanical 
properties of metals, properties of 
cellular materials and the properties 
of bio-materials. 

Applications should be received as 
soon as possible by the Registrar, The 
University, P.O. Box 147, Liverpool 
L69 3BX. Quote ref. RV/630/N. 

210S(F) 





pan arare 


UNIVERSITY OF 


LIVERPOOL 
DEPARTMENTS OF BOTANY 
AND INDUSTRIAL STUDIES 


Applications are invited for a 
S.R.C./S.S.R.C. Research Studentship 
tenable from October 1979 to study 
the importance of zinc and copper 
chelation in the tolerance of plants 
to these metals and the occurrence 
of chelates in polluted environments. 

The project will be jointly super- 
vised by the Departments of Botany 
and Industrial Studies. 

Applicants must possess or expect 
to gain a good honours degree in 
chemistry or a biological science. 
Applications, including details of 
academic experience and the names 
of two referees, should be received 
not later than July 2, 1979, by The 
Registrar, The University, PO Box 
147, Liverpool L69 3BX. Quote Ref: 
RV/641/N. 2127(F) 





N.E.R.C. RESEARCH 
STUDENTSHIP 


Applications are invited for a Ph.D. 
studentship in Fish Physiology. The 
title of the project is “The effects of 
exercise, diet and pollutants on 
protein metabolism in fish,” The 
successful applicant wouid be expected 
to possess a ist or a 2 (1) Honours 
degree or the equivalent in Zoology, 
Biology, Physiology or Biochemistry. 

Applications, which should include 
the names of two referees, should 
reach Professor G. Goldspink, Depart- 
ment of Zoology, University of Hull, 
not later than July 7, 9. 

2140(F) 


UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF 
MICROBIOLOGY 


RESEARCH STUDENTSHIPS 
L S.R.C. (C.A.S.E.) Award to Dr 


G. O. Humphreys in association with 
Dr P. Barth, Corporate Laboratories, 
LCI Ltd., entitled ‘‘Heterospecific 


expression problems in DNA cloning” 
to study the barriers to heterospecific 
expression by using hybrid plasmids. 
It is proposed to seek plasmids 
occurring naturally in Arthrobacter 
and to prepare hybrid replicons be- 
tween these and others from E.coli, 

2. S.R.C. Studentship. The project, 
to be undertaken with Dr C. Edwards, 
is entitled ‘‘Bioenergetics of the 
microbial cell cycle’. Synchronous 
cultures of Azotobacter vinelandii 
grown under different conditions will 
be used to examine the periodic 
changes in respiratory events such as 
QO,, effects of inhibitors and ATPase 


levels. 

3. M.R.C. Studentship. The project, 
to be undertaken with Professor 
H. R. Perkins, is entitled ‘‘Peptido- 


glycan synthesis by Neisseria 
gonorrhoeae’. The type of peptido- 
glycan synthesized in an in vitro 


system will be studied in relation to 
the action of various f-lactam anti- 
biotics, which have different effects. 

All studentships commence October 
1, 1979. Applicants should hold of 
expect to obtain at least an upper 
second class Honours degree in 
Microbiology, Biochemistry or other 
relevant discipline. 

Applications, together with details 
of academic experience and the 
names of two referees, should be 
received not later than July 13, 1979, 


by the Registrar, The University, 
P.O. Box 147, Liverpool L69 3BX. 
Quote Ref. RV/646/N. 2144(F) 





UNIVERSITY OF SURREY 
DEPARTMENT OF 
BIOCHEMISTRY 


S.R.C. CASE. 
RESEARCH STUDENTSHIPS 


Research studentships, for work on 
the topics listed below, are available 
in the Department of Biochemistry. 
The studentships, which are financed 
by the Science Research Council in 
collaboration with industry and other 
organisations, commence on October I, 
1979 and are tenable for three years. 

1. Inter-species variations in micro- 
somal oxygenation reactions, in 
collaboration with The Flour 
Milling and Baking Research 
Association, Chorleywood. 

2. The nutritional effects of dif- 
ferent varieties of bran, in col- 
laboration with The Flour Milling 
and Baking Research Association, 
Chorleywood. 

3. Effects of the lysomal stabiliser, 
carbenoxolone, on carcinogenesis, 
in collaboration with Biorex Lab- 
oratories Limited, London. 

4. Stereospecific drug modification 
using Cytochrome P-450, in col- 
laboration with May and Baker 
Limited, Dagenham. 

$, Development of an inhibitor- 
based EIA for drug analysis in 
serum, in collaboration with The 
Royal Sussex Hospital, Brighton. 

6. Metabolism and excretion of 
monosubstituted imidazoles in rat 
and dog, in collaboration with 
Pfizer Limited, Sandwich. 

7. Molecular studies of the fidelity 
of DNA repair, in collaboration 
with Shell Toxicology Laboratory, 
Sittingbourne. 

Applicants must have, or expect to 
obtain, first or upper second class 
honours in Biochemistry or a related 
subject. Applications, stating the topics 
of interest and enclosing a curriculum 
vitae and the names and addresses of 
two referees shouid be sent without 
delay to: 

Senior Academic Administrator, 

Department of Biochemistry, 

University of Surrey, 

Guildford, 


Surrey GU2 SXH. 21E) 


U.M.LS.T. 
University of Manchester 
Institute of Science 
and Technology 
Ph.D. RESEARCH IN 
FIBRE PHYSICS 


Studentships are available for 


research in the following areas: 
Micromechanisms involved in 

the texturing of synthetic fibres 

(S.R.S./C.A.S.E. Studentship with 

1.C.1, Fibres). 

2. Thermomechanical response of 

synthetic fibres (S.R.S./C.A.S.E. 


Studentship with the Cotton Silk and 
Man-Made Fibres Research Associa- 
tion). 

3. Fracture mechanism 
polymers : fibres and films 
trially sponsored). 

Applicants should hold or expect to 
obtain a good honours degree in 
physics, materials science, engineering 
or a related subject, and should apply 
as soon as possible to Dr C. P. 
Buckley, Department of Textile 
Technology, UMIST, Manchester 
M60 1QD, from whom further details 
may be obtained. 2125(F) 


in oriental 
(indus- 





UNIVERSITY OF 


NOTTINGHAM 
DEPARTMENT OF BOTANY 


S.R.C. C.AS.E. 
RESEARCH STUDENTSHIP 


Applications are invited from 
persons holding or expecting to receive 
a First or Upper Second Class Honours 
Degree in Botany or in any of the 
Biological Sciences for a C.A.SF. 
Studentship in collaboration wi'h 
Asmer Seeds Limited of Leicester to 
work on the somatic hybridisation of 
Pelargoniums using protoplasts. 

Applications with the names and 
addresses of two referées and a 
curriculum vitae should be sent to Dr 
J. B, Power, Department of Botany, 
University of Nottingham, Nottingham. 

2093(F) 





UNIVERSITY OF GLASGOW 
DEPARTMENTS OF PATHOLOGY 
AND BIOCHEMISTRY 


M.R.C. 
PARTNERSHIP AWARD 


Applications are invited from gradu- 
ates with an upper second = class 
honours degree for a 3-year research 
studentship involving the analysis of 
monocional antibodies to human thyro- 
globulin in normal and diseased tissue. 
The successful applicant will be ex- 
pected to work in both the Royal 
Infirmary and the Biochemistry Depart- 
ment at the University. Applications 
should be made by July 31 to Dr 
A. M. Campbell, Department of Bio- 
chemistry, University of Glasgow, 
Glasgow G12 8QQ. 

In reply please quote Ref. No. 4385M. 
2099(F) 





UNIVERSITY OF GLASGOW 
DEPARTMENT OF BOTANY 
Applications are invited for an 


S.R.C. C.A.S.E. 
STUDENTSHIP 

tenable for three years from October 
1979 to work on the resistance of 
potato tuber tissue to Phytophthora 
infestans. The research will offer in- 
teresting and varied opportunities for 
candidates interested in both the fun- 
damental aspects and practical applica- 
tions of research into mechanisms of 
disease resistance. It is expected that 
three months of each year will be 
spent with the collaborating institute, 
the Scottish Plant Breeding Station. 

Further details may be obtained 
from Dr D. D. Clarke, Botany Depart- 
meut, Glasgow University, Glasgow 
G12 8QQ, to whom applications should 
be sent, naming two referees, by 
June 23, 1979. ZIONE) 


biochemist or biologically-orien 
chemist. (Supervisor: Dr Y 
or ii) an investigation inte 
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IMPERIAL COLLEGE 
COST AND ENERGY 
EVALUATION OF 
MINERAL EXTRACTION 


PROCESSES 
A Science Research Council 
C.A.S.E. STUDENTSHIP is offered 


in association with the Department of 
Industry, Warren Spring Laboratory, 
for a study to develop a Methodology 
of Cost and Energy Evaluation of 
Mineral Extraction Processes, The 
methodology will be developed with 
particular reference to the extraction 
of ‘alumina from indigenous U.K. 
resources of aluminiferous materials, 

Candidates from any background will 
be considered, but the study would be 
of particular interest to those with 
experience in mineral technology, 
extraction metallurgy, chemical engin- 
eering or chemistry. 

Applicants should have, or expect 
to obtain a Ist or upper 2nd class 
honours degree. Applicants should 
send details of their qualifications plus 
the names and addresses of two 
referees, to Professor R. N. Pryor, 
Head of Department, Department of 
Mineral Resources Engineering, 
Imperial College of Science and Tech- 
nology, Prince Consort Road, London 
SW7 2BP 2152(F) 





LONDON SCHOOL OF 
HYGIENE AND TROPICAL 


MEDICINE 
(University of London) 


Keppel Street, WCIE 7HT 
SCIENCE 
RESEARCH COUNCIL: 
C.A.S.E. STUDENTSHIP 


Applications are invited from can 
didates who hold or expect to obtais 
this summer at least an upper secon# 
class honours degree in Biochemistr 
or another appropriate discipline fai 
a Research Studentship, tenable at th: 
School in conjunction with Glax 
Group Research Ltd for three year 
from October 1, 1979. The project wii 
be supervised by Dr M. W. Stewar 
of the Immunology Unit, Departmer 
of Medical Biology, and Dr M. W 
Elves of Glaxo, and wil k 
concerned with the study of immuné 
logical mechanisms involved in antigew 
antibody complex disease and the po: 
sible modulation of these mechanism. 
Applications, consisting of fur 
curriculum vitae and naming tw 
referees, should be sent to the Secr 
tary (AD at the School. 2153F) 


THAMES POLYTECHNIC 
SCHOOL OF 
BIOLOGICAL SCIENCES 


S.R.C. STUDENTSHIP 


Applications are invited fro 
holders, or those expected to obtak 
a good honours degree for a S.R.ë 
studentship. The project will ~ 
either: (i) An investigation of të 
purification of proteins by desorpti¢ 
from mixed-function, non-spect: 
adsorbents using biospecific ligands — 
desorbing agents Caffinity-elutic 
chromatography’) and is suitable for 












degradation pathway of the herbici 
2,4-dichlorophenoxy acetic acid ` 
Acinetobacter sp. and the induct: 
of the enzymes involved, and is sug 
able for a biochemist or chem 
Some experience of microbiology |. 
preferable. (Supervisor: Dr A. R © 
Smith). i 

Further 


particulars and form 







to whom completed applicati 
should be returned by June 26, Í 
20966 
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JNIVERSITY OF ABERDEEN 
DEPARTMENT OF CHEMISTRY 
S.R.C. CASE. 
STUDENTSHIPS 1979 
Applications are invited for three 
A.S.E. studentships, two in coopera- 
ym with Borax Holdings, Lid., and 
e im cooperation with British Gas, 

work in the undernoted fields, 

) Spectroscopic (UV and visible} and 
electrochemical study of the inter- 
action of sulphide ions with metal 
ions in molten sodium borate. (Drs. 
J. A. Duffy and M.D. Ingram} 

> The cffect of borate fluxes on sin- 
tering and solid-melt equilibria in 
ceramic bodies, and the relation 
between thermal history, phase 
composition microstructure, strength 
and optical properties. Project 
would also suif applicants with 
materials science or mineralogical 
background. (Dr. F.P, Glasser) 
For both projects, a period of two 

onths a year will be spent din the 

grax Research Centre, Chessington, 
rey. 

) Fundamental reactions relevant ta 
methane combustion. (Dr. L. Bar: 
A period of two months a year wl! 
Spent at the London Research Sta- 

wn Of the British Gas Corporation. 

Applicants holding or expecting to 

dd a first or upper second = class 

mours degree should communicate 

th the designated supervisor (Meston 
sik, Old Aberdeen ABO JUE) 
PAER EG 


NIVERSITY OF WARWICK 
ESEARCH STUDENTSHIPS 
BIOLOGICAL SCIENCES 
Research Studentships in Microbi- 
ogy (1, 2 and 3) or Virology (4) lead- 
$ to 4a Ph.D. are available in the 
partment of Biological Sciences as 
sows i— 
S.RCO/CLAWS.E.: “Methanotrophs: 
gums and polysaccharides and 
taxonomy’? in conjunction with 
British Petroleum, Sunbury-on- 
Thames, under the supervision 
of Professor R. Whittenbury. 


SRO CAS.E.: The Production 
of Methanol by Micro-organ- 
isms” in ceanjunction with Brit- 
ish Petroleum, Sunbury-on- 
Thames, under the supervision 
of Dr H. Dalton. 

NERC: “The significance of 


methylotrophs in nitrification in 
the aquatic environment’ under 
the Supervision of Dr ©. 5, 


Dow. 
M.R.C./PARTNERSHIP: “The 


study of interspecies recombina- 
tion in rotaviruses’’ in conjune- 
tion with Dr T. H. Fleweyt, 
East Birmingham Hospital, 


under the supervision of Dr M. 
A. McCrae, 
Applicants should write direct to 
efessor R. Whittenbury, Biological 
gences, University of Warwick, Cov- 
my, CV4 7AL, giving a brief cur- 
alum vitae and the names of two 


ademic referees. OTE) 


AET anA AEAN L in A 


ATVERSITY OF BRADFORD 
SCHOOL OF 
MEDICAL SCIENCES 
SRC CASE. 
STUDENTSHIP 
“dications are invited for a C.A.S.E, 
‘dentship tenable from October 1979 
_ research on the adherence of oral 
meria related to their cell wall com- 
“thar and conditions of growth. 
«project will involve biochemistry, 
secular biology and genetics, The 
ok will be carried out in collabora- 
_ with the Microbiology Division 
Bhe National Institute for Medical 
warch. Applicants should hold. or 
4 to obtain a First or Upper 
‘ond Class Honours Degree jn 
wroblelogy or Biochemistry, and the 
~essfal appleant will be required to 
ër fer a higher degree. Further 
s of the research and application 
ms are available from Dr H. D. 
agghuec, School of Medical Sciences, 
aversity of Bradford, BD7 IDP, to 
cmo completed applications must be 
arned asap. Ref, RS/MS/1t/X. 
2100(F) 














THE UNIVERSITY 
OF LEEDS 
DEPARTMENT OF 
ORGANIC 
CHEMISTRY 


Research 
Studentships 
Applications are invited for 
the following S.R.CL/CLAS.E. 
Studentships tenable in the De- 
partment of Organic Chemistry 
from October 1, 1979 jn the 


following areas: 


(1) New f-lactam antibiotics 
(2) New cycloaddition 
reactions 
(3) Antiviral and 


antifungal agents 
Applicants should hold, or 
expect to obtain, a First Class or 
Upper Second Class degree from 


U.K. universities (or C.N.ALA.) 
or Grad RLC of equivalent 
Standing. Further information 


and application forms are avail- 
able from Professor P. G. 
Sammes, Department of Organic 
Chemistry, The University of 
Leeds, Leeds LS2 YT. 

2124¢F) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF CHEMISTRY 


C.AS.E. STUDENTSHIPS 


Applications are invited for the fol- 
lowing C.A.S.E, awards: 

l. Spectroscopic Studies of Adsorbed 
Species and 

2. A Neutron Scattering Study of Ad- 
sorbed Species: (Dr J. Howard and 
Professor T. C. Waddington} 

3, ESCA, Investigations of the Kine» 
tics and Mechanism of the Weather- 
ing of Polymeric Materials and 

4, Electron Spectroscopy: Investigations 

of Technologically Important Sur- 
faces: (Professor D. T. Clark) 

. The Determination of Optical Con- 

stants of Liquids and Solutions in 


are) 


the Submillimetre Region: (Dr J. 
Yarwood) 
6 Hydrocarbonylation Reactions for 


Alcohol Synthesis: (r M. Kilner) 
7. Syntheses via Fluorinated Anions: 

(Professor R. D. Chambers). 

Several of the above carry payments 
in addition to the normal S.R.C, rates 
fer research studentships. The Chemis- 
try Department js modern, research 
orientated, and possesses a very wide 
variety of physical and . chemical 
techniques which are available to a 
research workers within the Depart- 
ment, 

Applicants should hold, or expect to 
obtain a first or upper second class 
honours degree in chernistry (1 -> T), 


chemical physics (ft -+ 5) or physics 
(2 3). Further details may be ob 
tained, from the staff indicated, by 


writing to the Chemistry Department, 
University of Durham, South Road, 
Durham DHI JLE. 2094(F) 





UNIVERSITY OF GLASGOW 
DEPARTMENT OF 
BIOCHEMISTRY 
in cooperation with LET. 


SRC CASE. 
STUDENTSHIP 

An award will be tenable from 
October 1, 1979 in support of research 
on the effects of Tamoxifen and other 
anti-oestregens on uterine transcrip- 
tion, 

Applicants who should possess or 
expect to obtain a First or Upper 
Second Class Honours degree in Bio- 
chemistry or a related subject should 
write to Dr J. T. Knowler, Depart 
ment of Biochemistry, University of 
Glasgow, Glasgow Gi2 8OQ. 

ZHE 


UWIST 


(University of Wales) 


S.R.C. C.A.S.E. 
STUDENTSHIP 


Applications are invited for a S.R.C. C.A.S.E. studentship 

. tenable from 10th October 1979 to investigate the 
response of aquatic micro-organisms to stress which is 
induced by the presence of pesticides; it is intended to 
use estimates of bacterial activity to monitor these 
stresses. This is a collaborative project between 
Dr. J.C. Fry (UWIST) and Dr. N. J. Poole (ICI Plant 
Protection Division, Jealott’s Hill, Bracknell, Berks.). 
The investigation which involves both field and laboratory 
experiments will be carried out at both centres. ICI will 
supplement the SRC studentship with £200 per annum 
(normally tax free) and will cover the additional expenses 
incurred while working at Jealott’s Hill. 


Applicants, who must possess or expect to obtain a first 
or upper second class degree, should send a letter of 
application immediately to Dr. J. C. Fry, Department of 
Applied Biology, University of Wales Institute of Science 
and Technology, King Edward VIH Avenue, Cardiff, 
Wales CF1 3NU. Each applicant must provide a 
curriculum vitae and the names of two referees. 
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Plant Protection 
Division 


UNIVERSITY OF READING 


DEPARTMENT OF AGRICULTURAL BOTANY 
S.R.C. C.A.S.E. STUDENTSHIP 


Applications are 


October 1, 1979 to investigate 


invited for a Research Studentship 


tenable from 


breeding of raspberry-black berry 


hybrids of the Logan type, and especially the use of new sources of 
spinelessness. The project will include chromosomal and genetic studies. 
The student will spend some weeks to each year at the Scottish Horticul- 
tural Research Institute, Dundee, which is the Co-operating Body, and 
there will be financial support for these visits. 

Candidates should have or expect to obtain a good Honours degree in 


Agricultural Botany or Botany, 


or a suitable 


biological degree. The 


successful applicant will be registered for a higher degree. 
Applications including details of academic experience and the names 
and addresses of two referees should be sent as soon as possible and not 


latter than June #5 to Dr. 


J. K. Jones, Department 


of Agricultural 


Botany, Plant Science Laboratories, University of Reading, Whiteknights, 
Reading, RG6 2A58, from whom further information may be obtained. 


PRESTON POLYTECHNIC 
S.R.C. POSTGRADUATE 
RESEARCH STUDENTSHIPS 


Applications are invited for S.R.C. 
Postgraduate Studentships on one of 
the following topics: 

L Climatic and biotic factors govern- 
ing the colonisation of timber 
joinery by microfungi; 

2. Photosynthesis in algae and bacteria; 

3. Energy metabolism: effects of diet 
and exercise. 

Further details and application forms 
can be obtained from 

The Clerk, 

Biology Division, 
Preston Polytechnic, 
Corporation Street, 
Preston PRI ZT 

Closing date: June 29, 1979, 

20907 (F) 


2108(F) 


UNIVERSITY OF DURHAM 


ENGINEERING GEOLOGY 
LABORATORIES 


SRC. CASE. 
RESEARCH STUDENTSHIPS 


Applications are invited from en- 
gineers or geologists holding or expect- 
ing to obtain a good honours degree 
for a project, starting on October I, 
1979, on the effects of ground moye- 
ments caused by excavation. The 
co-operating body is the Northumbrian 
Water Authority. Further information 
and enquiries to Dr P. B. Atiewell, 
Engineering Geology Laboratories, 
University of Durham, South Road, 


Durham DHI 3LE. (Tel: Durham 

(0385) 64971, Ext: 411) by June 30, 

1979, 2120) 
i 














AUTUMD 


year are considered. 


| EMBO 

Z European Molecular Biology Organization 

“LONG TERM FELLOWSHIPS IN MOLECULAR BIOLOGY 
> Í 1979 AWARDS = 

Next deadline: August 31, 1979 | | 


s EMBO long term fellowships are initially awarded for one 
year. Applications for a renewal for a second year and sub- 
sequently in cases of exceptional scientific merit for a third 





To be eligible a candidate must hold a doctors degree. 

Preference will be given to European and Israeli applicants 
‘wishing to work within Europe or Israel. EMBO long term 
fellowships are not, however, awarded for exchanges between 
laboratories within any one country. Applications for fellow- 
ships to be held outside Europe and Israel are considered but 
they have a lower priority, as do applications from non- 
European scientists wishing to work in Europe or Israel. 


Successful applicants will be notified of their awards on 


October 29, 1979. 


Further details and application forms may be obtained from 
Dr J. Tooze, Executive Secretary, European Molecular Biology 


Organization, 
Germany. 





RESEARCH FELLOWSHIP 


A . Postdoctoral Cytogeneticist 
or Molecular Biologist, with ex- 
perience in human karyotyping, is 
required to participate in a pro- 
ject on the analysis of chromo- 
somes from human solid tumours. 

The. appointment is, for three 
years. Salary with entry according 
to qualifications and experience 
within range £5,823 to £7,129 inc. 
L.A. For further information tele- 
phone Dr E. Solomons (0865: 
§11262, ext. 347 until July 1, and 
then at 01-242 0200, ext. 305). 
Applications with curriculum 
vitae and names of two referees 
should be sent to the Secretary, 
Imperial Cancer Research Fund, 
Lincoln’s inn Fields, London 
WC2, quoting ref, 287/79. 

2128(E} 





69. Heidelberg 1, 


Postfach 1022.40, F. R. 
WI156(E) - 


UNIVERSITY OF SURREY 
DEPARTMENT OF MICROBIOLOGY 


POSTDOCTORAL _ 
RESEARCH FELLOWSHIP 


A postdoctoral. research. fellow is 
required for a 3-year M.R.C. supported 
project to determine the DNA sequence 
of the R46 Q-lactamase gene. Experi- 
ence in DNA ‘sequencing or recom- 
binant DNA technology is essential, 
The starting date will be October 1, 
1979, 

The salary will be on research grade 
1A, starting at £3,883 per annum 
(ander review). 

Applications in the form of a curri- 
culum vitae, together with the names 
and addresses of two referees, should 
be sent as soon as possible to Dr J. W. 
Dale, Department of Microbiology, 
University of Surrey, Guildford, Surrey 
GU2 3XH. 208 9(E) 


APARARLAR vO EU OANTAAST 


ASSISTANTSHIPS 


UNIVERSITY OF 
CAMBRIDGE 
DEPARTMENT OF BOTANY 
GRADUATE 
RESEARCH ASSISTANT 


Applications are invited for a 
graduate research assistantship for 
work on the development cand eco- 


logical significance of mycorrhiza. in- 


seedlings of contrasted. types in chalk 
grassland. The post, which is stipported 


by the Natural Environment Research 
Council, is for a period of three years 
from September 1, 1979. 

The salary will be on the scale 1B, 
starting at present at £3,689 per annum, 
A suitable candidate would be expected 
to register for the degree Ph.D. 

Applications including curriculum 
vitae and: names and addresses of two 
referees should be sent as soon as 


o possible.to Dr P. J. Grubb, Botany 


School, Downing Street, Cambridge 
CBI JEA, from whom further particu- 
lars may be. obtained. 2165(P) 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY 
DEPARTMENT OF BIOCHEMISTRY 
POSTGRADUATE RESEARCH ASSISTANTSHIP 


A Postgraduate Research Assistant jg required to work with an 


active 


* 


research group studying pancreatic 


endocrine function in 


experimental obesity. The position will be available from mid-July. 
Previous experience would: be welcomed but is not essential. 


The starting salary will be within the range £3,718 to £5,333 per 
annum (according to age and experience) plus £502 London Allowance 


and U.S.S. benefits. 


Applications, including a curriculum vitae and the names of two 
referees, should be sent, as soon as possible, to Dr Anne Beloff-Chain, 
Department of Biochemistry, Imperial College, London SW7 2AZ. 


Typesetting: £. E. Dawkins {Typesetters) Ltd, Graphic House, Southwark Street, S.E.1 1UN and J. W. Arrowsmith Ltd, Bristol. Printing: W 
Bucks, U.K.. in association with Godfrey Lang Ltd, London ECHA 1EB. and published by MACMILLAN JOURNALS LTD.. at 4 Little E 
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INTERNATIONAL 
CONFERENCE 
on 


“The Organisation and Expression 


of the Mitochondrial Genome” 
Organisers: 
A. M. Kroon, The Netherlands, 
and 
C. Saccone, Italy 

In the series of annual meetings in 
Bari, Italy, a conference on the above 
subject will be held on June 23-28, 
1980. Those interested to attend this 
meeting, which will deal with various 
aspects of the biogenesis of mito 
chondria are requested to contact the 
conference’ secretariat: 

Istituto di Chimica Biologica, 

Facolta di Scienze, 

Via Amendola 165/A, 

70126 Bari, Italy. 

Tel: 080-339907. 
The total number of participants 
will be 100. W 157(C) 


To place your 


Nature Vol. 279 14 June 197 
CONFERENCES | 


RADIATION EMERGENCY ASSISTANCE 
CENTER / TRAINING SITE 


announces an 
INTERNATIONAL CONFERENCE 


THE MEDICAL BASIS FOR 
RADIATION ACCIDENT PREPAREDNESS 


October 18-20, 1979 
Oak Ridge, Tennessee 


For information and registration write: 


REAC/TS Conference 
wi ‘ely Oak Ridge Associated Universities 
P.O. Box 117 / Oak Ridge, TN 37830 


Sponsored by the Department of Energy 


As an organization accredited for continuing medical 
education, Oak Ridge Associated Universities, Oak Ridge, 
Tennessee 37830 certifies that this continuing medical 
education activity meets the criteria for 16 credit hours 
in Category 1 of the Physician’s Recognition Award of 
the American Medical Association. 


eb Offset by The Chesham Press Limited, Chesham. 2 
ssex Street, London WC2R 3LF, — 14 June, 1979. -> 
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CONFERENCE 


The Sixth Cold Spring Har? 
Conference on Cell Proliferation w 
be held at the Cold Spring Har 
Laboratory from September 4 to 
1979. The title of the Conference © 
be Viruses in Naturally Occurr 
Cancers, For this meeting we p 
to bring together leading investigat 
with diverse backgrounds why 
interests vary from molecular biole 
and genetics to epidemiology. 

Topics to be considered inch 
Herpes viruses, papova and ade 
viruses, and RNA tumour viruses. 

Advance registration is requi 
and attendance will be limited beca 
of space. For additional informat 


write to: Registrar, Cold Spe 
Harbor Laboratory, P.O, Box | 
Cold Spring Harbor, New Y 


11724, or call (516) 692-6660. < 
W167 
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BDH is where it’s at 


A constant stock of over 300 reagents 


of guaranteed purity and reliability at 
BDH depots throughout the UK 





BDH Chemicals Ltd Poole BH12 4NN England 
Telephone: Parkstone (0202) 745520 


‘AnalaR' is a trade mark of Analar Standards Limited 
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oe techniques in routine use at The Radiochemical Centre 


i MN 
% 


| Described below are just two examples of the many up-to-date 


techniques, which have been pioneered or applied for routine use at 


co The Radiochemical Centre. These dev elopments are part of our 
_. constant endeavour to maintain our position.at the forefront of the 


ae pee oe field oes tracer inethodology 50. that w we cam continue our. 





: y oe fuel for the vinden: of f tritiated cotifomid: are 













1ore sophisticated than those used in the early days of ntium 





his are tedious and time consuming and subject to con- 


£ itly not been possible. 


; ; -traditional chemical or biochemical methods for determining dis- 
tribution of tritium labelling. 


It is now used routinely to establish the distribution of tritium se 


labelling produced by the usual methods of tritiation employed at 


The Radiochemical Centre. We supply accurate details ag to the 


position and configuration of the tritium labels for an increasing 
number ofo our labelled compounds. 


fears rem an aan oe e re raaa a 





rarely N 





A number of examples are given below: 


fB, 2Bin}-3H] TESTOSTERONE 


TD FRK162 | 
nS Sa Je. 8%. 
oe conn 46.0% BB. IRM 


[6-3H]BENZO[a]P YRENE 
Code TRK.501 
Be PIM Vo cco 5% 
_D-[2-3H]GLUCOSE 

` Code TRK.36) 

e Qo). 40% UB) 





60% 








[G-3HIVINBLASTINE 
Code TRK.507 


Tend Wie 
ZIT... 466° Ea 


| L-[3,4(n n)-3H]VALINE ` 





mrithi 





The latest of our publications | is OS 
AL-RAWI, LMA. BLOXSIDE, LP, ALY GE, 
C HAMBERS, VEM. CHAMBERS, YMA. and 


Steroids val. 28 (3 3}, p.p. 359-375, 1976. 
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abelling, and produce compounds labelled in peake positions . 4 

rather than generally labelled. Nevertheless, itis necessary for many 
t tracer ‘applications oftriium compounds to know the precise position 

and configuration of the tritium labels. Traditional chemical methods — 


and so the routine supply of such information has i 


Radiochemical Centre, in collaboration with the Univer! | 
rey, has developed over the past eight years the technique F 
itium nuclear magnetic resonance (tnmr) spectroscopy for this 

: purpose. This method is much quicker and more accurate than thé 





High performance liquid chromatography (HPLC) 


This relatively new development of column chromatography is _ 
carried out using high eferieney Biappa’ eoun N 
of eae Cernea size. 





h thie oo denas 
“graphy on PEI cellule me 
“in 2M formie odd TM 
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atanionexchange | 
column ih o phosphate: 
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Coated pits 
How ME Beam ara enter cells 











4C-Protein molecular 
weight markers 


Labelled proteins of known molecular weight for 
use as markers in gel electrophoresis are available 


iat @ from TRC NOW 
[*C]Methylated 
a i Lysozyme CFA.605 MW 14,300 
proteins Carbonicanhydrase CFA.622 MW 30,000 
Ovalbumin CFA.623 MW 46,000 
Bovine serum albumin CFA.621 MW 69,000 


Phosphorylase b CFA.609  MW92,500 
Myosin CFA.625 MW 200,000 


_ Specific activity 3-30uCi/mg of protein 
Also available 


[“C]Methylated 
protein mixture CFA.626 


Contains equal activities of each of the 6 markers 





Please enquire for further details 


The Radiochemical Centre Full information is available on request 


The Radiochemical Centre Limited, Amersham, England, Telephone: 024-04-4444 
Amersham inW. Germany; Amersham Buchler GmbH & Co KG, Braunschweig. Telephone: 05307-4693 
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ANIMAL OPERATING 
TABLE 


è Sterilisable & easily cleaned 


e Sturdy but lightweight for effortless 
handling 
e Versatile design 


— table top quickly removed for use 
without legs 


— height and tilt adjustment for 
operating comfort 


— suitable for most animal sizes 
— collapsible for storage 





NOTE: To keep 
animals warm 
while on the 
operating table we 
offer our 
Homeothermic 
Blanket System. 
Details on request. 





A four-way electrical 
socket is fitted to one 

leg (home market only) 
plus an earth point on 

the underside of the table. 


Plus a full range of sterilisable stainless steel 
accessories, cleats and animal support plates. 
Send for details today. 
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BioScience (incorporating C.F. Palmer and George Washington Ltd.) 
Harbour Estate, Sheerness, Kent ME12 1RZ. 
Telephone: Sheerness (079-56) 67551 Telex: 965088 


BioScienc 


Y WASHINGTON 
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DAON E E a RO TECHS NARA S 


Guide to authors 


@ Review articles should be aimed 
at a relatively wide readership. 
Many reviews are invited, but- 
submitted articles may also be accepted; 
it is advisable to consult us before 
writing a review article, 


@ Articles may be up to 3,000 words 


long with at most six displayed items 
(figures and tables); they are reports of 
major research developments. 

@ Letters are brief reports of original 
research of unusual and wide interest, 
not in general longer than 1,000 words; 
they have at most three or four 
displayed items. 

@ ‘Matters Arising’ permits short 
discussion (up to 300 words) of papers 
that have recently appeared in Nature. 


Articles should be accompanied by an 
abstract of not more than fifty words. 
Letters should begin with a paragraph 
giving the background and main 
conclusions in terms intelligible to as 
wide a readership as possible. 

Manuscripts may be submitted either 
to London or New York. Three 
typed copies should be submitted, each 
including lettered copies of figures. 
Typing (including references) should be 
double spaced. The title should be 
brief and informative. Pages should 
be numbered. References, tables and 
figure legends should start on separate 
pages. Experimental detail vital to the 
paper yet which would interrupt the 
narrative is best placed in the figure 
legends, Units should conform to the 
Systéme International, Greek 
characters should be identified in the 
margin on their first appearance. 
Equations should occupy single lines 
if possible; exp (a) is preferred to e* if ‘a’ 
is more than one character. 

References are indicated by 
superscripts in the text. See any 
contemporary Nature for style, but note: 

(i) only one reference number need be 
used if the reference is to several papers 
by identical authors. 

(ii) first and last pages of references 
should be cited. 

Abbreviations should follow the 
World List of Scientific Periodicals, 
fourth edn (Butterworth, 1963-65). 
Symposia are often difficult to refer to 
and only published or soon-to-be- 
published volumes should be mentioned 
in references. Their publisher and place 
of publication should beclearly indicated. 
‘Personal communication’ and ‘unpub- 
lished’ should be incorporated in text. 
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Cuts all round for UK science 


IN last week’s Nature (page 565) we were editorialising 
about the growing weakness in support for R&D in the 
UK in comparison with other industrialised nations: this 
is not a weakness of resolve, it merely reflects a weak 
economy. The first budget of the new Conservative 
government underlines this weakness-—expenditure in the 
higher education and science area is to be trimmed by 
between I and 14 per cent as part of a very widespread 
operation to cut public expenditure, 

The past two or three years have seen universities and 
research establishments pulling gradually away from the 
times of doubts and instability that characterised the mid- 
seventies. The University Grants Committee, charged 
with the responsibility for sustaining universities so that 
they have (among other things) ‘well-found’ laboratories 
in which research councils can support specific projects, 
has been able to make a little headway in replacing 
obsolete equipment; the UGC’s equipment grant—-of the 
order of £50 million-—has even been growing in real terms 
by 10% annually. The research councils were pleasantly 
surprised late last year to pick up a promise from Mrs 
Shirley Williams, then Education Secretary, of £47 million 
additional cash over the next four years representing 
annual growth of around 3%. But now the prospects are 
not quite so bright. 

The UGC has been successful in preventing the 
equipment grant from being cut (although universities will 
not be immune from the raising of VAT to 15%). But 
£9 million is being cut from the universities’ recurrent 
grant and capital expenditure is also being trimmed, Nor 
is this all; there are several university wage settlements 
in the pipeline, and no guarantee that UGC will auto- 
matically receive the additional funds. in full to pay for 
these settlements. | 

The research councils have had varied fortune. The 
Social Science Research Council has had nearly ten per 
cent of its funds taken away, the Agricultural Research 
Council next to nothing. The Science Research Council, 
by far the largest, loses £2.6 million of its budgeted 
£177 million for the present financial year, posing some 
threat to the 4.2 metre telescope now being planned 
for the new observatory in the Canaries. 


The Medical Research Council might not seem to have 
come off too badly with a cut of just under 1% in its 
budget. It employs more people than any of the other 
research councils, however, and like the UGC will have 
to find money for increased salaries out of a reduced sum. 

Scientists at the MRC units have been aware of this 
problem since early April when the previous government 
allowed a 5% increase in salaries in the unit’s budgets 
for the 1979-80 financial year. Salary increases have been 
averaging at 15%, however, and many research units have 
been economising on new equipment whilst waiting fo 
see what the new government had in store. With no 
increase in budgets for the units, the outlook was bleak; 
with a small cut it is bleaker still. Savings on equipment 
cannot continue indefinitely so posts will almost certainly 
be frozen and the already difficult problem of providing 
a reasonable career structure for scientists will be 
exacerbated. 

It is clear that the cuts just announced do not represent 
any sort of detailed policy statement from the government 
on how it will pursue the support of science (with the 
possible exception of the social sciences). There is much 
nervous looking forward to the autumn, now thought to 
be the earliest time that the Department of Education 
and Science will reveal whether there are to be any major 
shifts in policy. There are relatively few straws in the 
wind, beyond that the government is involved in a 
‘quango’ hunt at the moment. Quasi-autonomous non=- 
governmental organisations (the UGC and research. 
councils are amongst them): are said not to be terribly 
popular and there are moves afoot to trim them in 
various ways. 

Those with memories of the way in which the Labour 


‘government of 1964 revamped the administration of 


science and technology will contrast the planning done ~ 
by Labour in opposition with an apparent lack of 
preparation of science and technology policy by the 
Conservatives prior to this election, leading to a long 
period of waiting before policy surfaces. This is a 
disappointment; arguably science and technology policy is 
more important in 1979 than it was in 1964—even if there 
are few votes in it. gu 
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US Defense Department destroys 
evidence of Vietnam devastation 


Alastair Hay reports on a row in the US over the loss of 
photographs used in the much disputed NAS report on the 
effects of herbicides during the Vietnam war 


PHOTOGRAPHIC evidence, used by the 
US National Academy of Sciences 
(NAS) for its 1974 report on the effects 
of herbicides in South Vietnam has 
been destroyed by the Department of 
Defense (DoD). According to Dr 
Thomas Dashiell, staff specialist for 
chemical technology at the DoD, the 
photographs were destroyed “in late 
1977 through the spring of 1978”. 
Estimates of the acreage of forest 
sprayed with herbicides and the num- 
ber of trees killed as a result of the 
spraying were based on these aerial 
photographs. Hundreds of rolls of film 
for the period 1958-1973 were ex- 
amined by the Academy in order to 
assess the extent of the damage. Dr 
Philip Handler, president of the NAS, 
told Nature that most of the photo- 
graphs were “taken by or in co- 
operation with the Department of 
Defense and were studied at the Col- 
lege of Forest Resources, University of 
Washington”. l 
Dr James Bethel, Dean of the Col- 
lege of Forest Resources, was in charge 
of that study. His initial estimate of 
“merchantable timber” killed by herbi- 
cides was considered too low by a re- 
view panel and the figure was revised 
upwards before the NAS report was 
published. The report estimated that 
some 510° to 2x 10° cubic metres of 
merchantable timber had been killed 
out of a total of 8.5 10° cubic metres 
sprayed. Spraying had in fact affected 
10.3% of inland forests, 36.1% of man- 
grove forests, 3.2% of cultivated land 
and 5.5% of other vegetation. 
Publication of these figures by the 
Academy created a storm of protest in 
scientific circles. Accusations that the 
estimates were too low were made by 
several scientists. Two members of the 
NAS committee reviewing the herbicide 
issue, Professor Paul Richards of the 
University College of North Wales and 
Professor Pham-Hoang Hô, University 
of Saigon, both dissented from the re- 
port on these grounds. Hô claimed that 
the estimates were out by an order of 
magnitude, a view which was supported 
by Professor Mathew Meselson of 
Harvard University and a member of 
the report’s review panel. Meselson also 
claimed that the figures were 10 times 
too low. 
The charges that the estimates were 
inaccurate were rejected by the NAS 
committee chairman, Professor Anton 
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Lang of Michigan State University. 
His reply to Hô’s dissenting letter con- 
sidered it “quite impossible” that the 
figures in the report could be out by 
the order of magnitude suggested. 

Few NAS reports have created as 
much discord as this one. For this 
reason alone, many scientists argue 
that the evidence used by the NAS for 
the compilation of its report ought to 
have been kept. Dr Dashiell disagrees. 
He told Nature that the Department 
of Defense feels that “the NAS com- 
mittee report represents a complete and 
well documented analysis of any 
ecological or environmental effects to 
the forests in South Vietnam”. This, 
he says, was the principle reason for 
the study, and the photography pro- 
vided for the committee study “rep- 
resented only one means to reach their 
conclusions”. 

Dashiell says that the photography 
was kept for a longer period than 
originally envisaged. Following publi- 
cation of the report, the photographs 
were placed in a repository at the Uni- 
versity of Washington for use by 
scientists interested in doing further 
work on them. 

This arrangement was approved by 
Dr Handler for the NAS, with the 
provision that a review be conducted 
after 12 months to determine whether 
the materia! be retained or destroyed. 
In the event, Dashiell points out, the 
material was left in the repository for 
two years, after which it was returned 


to the DoD where it remained for a. 


further year before being destroyed. 
According to Dashiell, the scientific 


community “showed no interest during . 


the lengthy time allowed for any review 
of their effort”. 

There is one scientist who was in- 
terested in these photographs and who 
is incensed about their destruction. 
Meselson, an outspoken critic of the 
NAS report, is in the process of com- 
piling his own report about herbicide 
damage in Vietnam. In 1970, Meselson 
led a team of scientists to Vietnam on 
behalf of the American Association for 
the Advancement of Science (AAAS). 
Government officials in the White 
House, State and Defense Departments 
had advance warning of the team’s 
preliminary report to the 1970 Decem- 
ber meeting of the AAAS. A short time 


after this, an order was issued by the 


White House curtailing the use of 
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herbicides in Vietnam. 

A summary of the AAAS findings 
were published in the Congressional 
Record on 3 March, 1972, but a final, 
fuller report of the team’s investigations 
has never been written, Meselson has 
been chided in private on this point, 
but he told Nature that he hoped to 
be able to write the report this summer. 
One of the reasons for his delay was 
that he wanted to see the controversy 
surrounding the publication of the NAS 
report die down. This, he hoped, would 
give him an opportunity to produce 
his own report challenging the NAS 
estimates of timber damage on purely 
scientific grounds. Meselson makes no 
secret of the fact that the DoD’s action 
in destroying the photographs has not 
made his job any easier. 

Another reason advanced by the 
DoD justifying destruction of the 
photographs also seems rather lame. 
Dashiell insists that there were “‘physi- 
cal storage problems” with the 35,000 
items at the University of Washington 
repository so the decision was made to 
return the photography to the custody 
of the DoD. The story as related by 
Bethel at Washington University is 
slightly different. Bethel makes no 
reference to storage problems but says 
that, as no inquiries had been received 
about the photographs, he was ‘“‘in- 
structed by the Academy to return the 
photographs to the Department of 
Defense”. According to Bethel, it was 
his understanding that the material was 
to be destroyed. 

It seems, however, that although 
some probably irreplaceable scientific 
evidence has been destroyed, all is not 
lost; according to Dashiell, when the 
photographs were destroyed, the silver 
was recovered in accordance with 
“legislative mandates”! 
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California set to cash in on British discovery 


Last month the Scripps Clinic and 
Research Foundation in La Jolla, Cali- 
fornia, announced that it is going into 
partnership with the pharmaceutical 
company Miles Laboratories to provide 
laboratory testing services and prepare 
immunochemical materials for research 
scientists and biochemical manu- 
facturers. 

The new company will have a staff 
of about a dozen scientists and will also 
be able to call on the services of over 
150 scientists at Scripps on a con- 
sultancy basis. It will offer a range of 
testing services and products in im- 
munology, endocrinology and toxi- 
cology. And one of its most active fields 
promises to be the rapidly-growing area 
of monoclonal antibodies. These are 
antibodies produced by a technique 
developed a few years ago by Dr Cesar 
Milstein and Dr George Kohler at the 
Medical Research Council’s Molecular 
Biology Laboratory in Cambridge, UK. 
It allows antibodies tailored to identify 
specific antigens to be produced in 
relatively large quantities, avoiding 
many of the uncertainties involved in 
conventional techniques of antibody 
production from animal serum. 

Already the availability of these 
techniques and the resulting antibodies 
has led to what one observer describes 
as a virtual explosion of interest by re- 
search scientists. This has ‘been paral- 
leled, almost simultaneously, by the 
growth of commercial interest in what 
promises to be a lucrative range of 
applications. But although the original 
research was funded by the British tax- 
payer, for one reason or another, the 
National Research Development Cor- 
poration did not take out early patents 
on the techniques and the UK may 
therefore have forfeited any royalty 
rights which, some observers believe, 
could eventually have totalled hundreds 
of thousands of pounds. 

The technique which the Cambridge 
scientists developed involved fusing two 
cells, one—taken, for example, from 
the spleen of a mouse—that produces 
a range of antibodies (but would be 
relatively short-lived) and the other a 
rapidly reproducing tumour cell. The 
resulting hybridoma cells are separated 
according to the particular antibodies 
that they produce, and each cell strain 
can be cloned to produce a pure source 
of a single antibody. 

For scientists, the use of monoclonal 
antibodies as a labelling technique 
(since each antibody will only recognise 
a particular molecule) is proving to 
have a wide variety of uses. These 
range from studies of the structure of 
cell membranes, to the search for 
viruses that may be associated with the 
growth of tumours. 


0028-08 36/79 /0279--0663 $01.00 


Has Britain lost large potential 
royalties through a failure to 
recognise the commercial 
potential of antibodies ? 
David Dickson reports 


Commercial interest in potential 
applications has been equally swift, The 
most immediate applications lie in the 
field of screening, for example in the 
early detection of cancer, or of foetal 
abnormalities (since foetal cells can be 
identified at an early stage in the 
mother’s blood by looking out for 
genetic material from the father). Other 
uses range from tissue typing to assist- 
ing in the search for new vaccines. 

Recognising the great potential of 
monoclonal antibodies, many large 
medical instrument and pharmaceutical 
manufacturers are now eager to enter 
the field. Some have been working on 
the techniques in their own labora- 
tories; others—as with Miles Lab- 
oratories—by tapping into the expertise 
of the academic community. 

“The type of work which we will be 
doing in this field will be dictated by 
the needs of the complex of companies 
under the Bayer (parent company of 
Miles) umbrella, for which we will 
carry out research on a contract basis,” 
says Dr Ernest Tucker, director of 
Scripps’ Immunology Reference Lab- 
oratory, which will be a division of the 
new company. 

“These companies will come to us 
with specific needs for antibodies. And 
since we are an independent company, 
we will be able to carry out research 
at the request of other companies too. 
It is much more efficient to do it this 
way, Since the support of basic research 
is very expensive.” 

As well as established companies, the 
applications of monoclonal antibodies 
is also attracting the interest of the 
venture capital market, a booming busi- 
ness in the US following recent changes 
in capital gains tax and security laws. 
Like recombinant DNA research, it is 
a field ripe for swift marriages between 
sophisticated science and ambitious 
entrepreneurship but the pay-offs seem 
at present to be much closer to fruition, 
while at the research level at least, the 
field is relatively free of federal 
regulations. 

A typical creation of the entrepre- 
neurial spirit is Hybritech Inc., a com- 
pany set up in San Diego earlier this 
year by the west coast venture capital 
firm Kleiner and Perkins (which also 
provided much of the initial capital for 
the genetic engineering firms Cetus and 
Genentech). 

Hybritech has already announced 
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plans for producing and marketing 
antibodies for detecting hepatitis, a first 
foray into a clinical diagnostic market 
where current sales, according to 
Hybritech president Howard F. Greene, 
are around $200 million a year, and 
expanding rapidly. Mr Greene predicts 
that the return on investment for suc- 
cessful research could be as much as 
five times higher than that in the elec- 
tronics field. “Already about 90% of 
the major companies in the diagnostic 
business have called us, expressing an 
interest in our work. They are all at 
various stages of looking at pro- 
grammes in this area, but the feedback 
seems to be that the large corporations 
are not moving with the speed and 
flexibility made possible by venture 
capital operations,” Mr Greene told 
Nature last week. 

The growth of demand for mono- 
clonal antibodies has caused its own 
logistical problems within the scientific 
community. Many laboratories offer 
the hybridoma cells that they have 
developed to other research workers in 
the field on request, but this is con- 
suming a large amount of time and 


energy. 
Pressure is now growing for a 
centralised store of characterised 


hybridomas. Already a number of cell 
centres, such as the cell distribution 
centre at the Salk Institute in San 
Diego, have a growing number of such 
cells on their lists. Some scientists are 
now calling for a new centre, possibly 
financed by the NIH, to store and dis- 
tribute hybridomas. 

“What seems to be needed is a 
central depository which would main- 
tain cells that have been carefully 
characterised and presented by research 
workers, thawing them out occasionally 
to check that the characterisation has 
been maintained,” says Dr Hilary 
Koprowski of the Wistar Institute in 
Philadelphia. “The time seems ripe for 
a conference of people interested in the 
organisation of such as depository, de- 
ciding what types of cultures should be 
accepted, how they should be charac- 
terised, and so on.” 

One problem that a depository would 
have to face, however, is how it should 
deal with requests from private com- 
panies. With substantial profits looming 
on the horizon-—‘‘Somebody is going to 
make money in the diagnostic business 
from this technique,” says Jerome 
Goldstein, head of the Clinical Assays 
Division of Baxter Travenal Labora- 
tories—licensing of hybridomas prom- 
ises to become a lucrative business. 

At Standford University in Cali- 
fornia, scientists who have provided 
hybridomas to Salk’s Cell Distribution 
Center have required that any research 
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workers requesting a sample of the cells 
sign a waiver promising not to use the 
cells, or the antibodies produced from 
them, for commercial advantage. The 
university itself is currently negotiating 
with a number of pharmaceutical and 
medical instrument manufacturers on 
terms for supplying them with specific 
hybridomas and antibodies developed in 
the university laboratories. Dr Neil 
Reimers, head of the university’s tech- 
nology licensing office, sees that as pro- 
viding the university with a steady 


stream of income under an arrange- 
ment agreed with the National Insti- 
tutes of Health, which provided much 
of the funding for the original research. 

Whether or not Dr Milstein’s orig- 
inal work in Cambridge could have 
been patented is still hotly disputed. 
Some claim that, as the application of 
standard cell fusion techniques is in 
wide use around the world, there is 
nothing inherently patentable about Dr 
Milstein’s use of the hybridoma 
(although novel hybrid cell lines result- 
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ing from the techniques can, it is 
generally agreed, be patented). 

Others, however, feel that as a suf- 
ficiently novel application of the tech- 
niques, a patent might indeed have 
been granted, requiring royalties to be 
paid to anyone using the techniques for 
commercial purposes. 

But the net result is that, like peni- 
cillin and other similar stories, 
monoclonal antibodies may join the list 
of the ones that got away from the UK. 

CJ 


Italy’s nuclear supremo goes for alternatives 


The new chairman of Italy’s 
nuclear energy committee plans 
to spend as much on alternative 
sources as nuclear power, 


writes Robert Walgate 
For the first time in its history, the 
Italian National Committee for 


Nuclear Energy, CNEN, has received 
money to spend on the research 
development and promotion of alterna- 
tive (non-nuclear) sources of energy. 
On 28 May, the outgoing coalition 
voted 5 billion lire (about £3 million) 
to CNEN to spend mainly on solar 
and wind power and on energy 
conservation. 

The initiative is the work of CNEN’s 
new Chairman, appointed on 1 Febru- 
ary, Dr Umberto Colombo, previously 
research director of the firm Monte- 
dison. Colombo joined CNEN on con- 
dition that alternative sources would 
be included, and the 5 billion lire, he 
told Nature last week, is only the 
beginning. 

“In Italy there has been no focal 
point for an energy policy” said Dr 
Colombo. “We want to become the 
focal point for all sources of energy 
which are alternatives to hydro- 
carbons.” 

At present, three ministers have 
partial responsibility for energy policy 


in Italy: the Minister for Industry 
supervises CNEN and the Ente 
Nazionale per l'Energia Flettrica 


(ENEL), which has responsibility for 
electricity supply; the Minister of 
Culture and Scientific Research directs 
the central body organising basic 
research in Italy, the Consiglio 
Nazionale delle Ricerche (CNR); and 
the Minister of State Participations 
has responsibility for the Ente 
Nazionale Idrocarbi (ENI) and the 
Istituto per la Ricostruzione Indus- 
triale (IRI); all of these being bodies 
with a more or less great interest in 
energy policy. The Minister for 
Industry has the largest responsibility 
—establishing the national energy 
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Colombo: “We might even be able to do 
without fast breeders” 


plan, versions of which were published 
in 1975 and 1977. 

“I want to make CNEN the entity 
responsible for all alternative sources, 
so that ENI remains responsible for 
fossil fuels, ENEL for electricity, and 
CNEN for R&D and promotion of 
nuclear and non-nuclear alternative 
sources, including the most important 
alternative—energy conservation.” 

The CNR is also undertaking an 
energy research project, but Colombo 
does not foresee conflict, rather co- 
ordination: “CNR is more involved 
universities; Our contact is more with 
with fundamental research and 
industry”. ENEL and ENI have large 
geothermal projects “‘so we won't be 
able to do so much on that—probably 
we'll concentrate on hot rocks”. 

Dr Colombo hopes to make a sub- 
stantial investment in non-nuclear 
alternative sources. The CNEN budget 
for 1979 is 200 billion lire (about £115 
million), of which there is only 5 
billion lire for alternatives; “but since 
we have only just started we could 


hardly be expected to spend much this 
year”. Next year, Colombo hopes to 
spend 30 billion lire (£17 million) on 
alternatives, and ultimately to reach 
an expenditure “‘very close to what we 
shall be spending on nuclear power”. 

Would it be possible to spend that 
much on new sources? “Well if you 
take some pioneer projects, and you 
consider that we are not interested so 
much in basic research as in demon- 
stration units—in conservation, solar, 
wind, and so _ forth—it’s possible”. 
Clarifying the point, Dr Colombo said 
he has in mind an ultimate allocation 
of resources similar to that of the 
Department of Energy in the US, 
where nuclear—including fusion— 
still has more than other sources, but 
alternative sources have a substantial 
portion of the budget. 

Nevertheless Colombo is convinced 
that nuclear power must make an 
increasing contribution to  Italy’s 
energy supply; at present one major 
and three minor reactors supply 0.7% 
of Italy’s total energy needs and 2.7% 
of its electricity. By the year 2000, 
Colombo would like to see 20% of 
Italy's energy needs supplied by 
nuclear reactors requiring a building 
rate of two reactors per year; solar 
power, the main alternative con- 
tributor, might supply 7% by that 
date, he estimates. 

“We do not have North Sea oil, we 
do not have the gigantic coal fields 
you have in the UK; at present we are 
very dependent on imported hydro- 
carbons. 85% of our energy is sup- 
plied by hydrocarbons, and 76% is 
imported energy. This dependence is 
not acceptable; we are very vulnerable. 
Our oil bill may go up this year, 
because of the price increases, by £1 
billion; that’s equivalent to exporting 
another million automobiles, if we 
want to keep our balance of payments 
in order . . . so a nuclear programme, 
as well as a vigorous programme on 
alternatives, is necessary for Italy.” 

Colombo makes a fairly classical 
connection between energy consump- 
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tion and economic growth. After con- 
servation measures have been applied, 
he estimates Italy will be consuming 
40% more energy in the year 2000 
than now. “Don’t measure that 
against UK standards. Our per capita 
consumption is 2.4 tonnes of oil 
equivalent; you have 3.7; so we must 
make great progress to reach other 
European countries. We can’t possibly 
stay much behind them if we want to 
develop our own industry.” The 40% 
increase corresponds to an annual rate 
of about 1.4%, and is based on an 
assumption of economic growth of 
2.5% per year with an ‘energy 
elasticity’ (ratio between energy and 
economic growth rates) of some 50%. 
Colombo is in the process of con- 
structing his first 5-year plan for 
CNEN. “In the past everyone has been 
very superficial: both parliament and 
government, and CNEN, ENEL and 
the industry.” Now Colombo believes 
that “we at CNEN must express our 
opinions forcefully, justify them with 
numbers and facts, and submit our 
ideas to a discussion in parliament.” 
Then it is a matter of responding to 
the political will of parliament and 
government. Colombo hopes to submit 
his plan by the end of the summer. 
Previously CNEN’s energy policy 
was “very much in the air, something 
rather abstract’. CNEN was moving 
in many different directions, in each 
of them “below the necessary thres- 
hold” of potential, manpower, and 
capital. Furthermore CNEN has been 
hampered by the governments in- 
ability to define a politically and 
publically acceptable nuclear plan. But 
in any case the previous plan ‘was too 
ambitious, and not credible at all”. 
“There were gigantic plans to build 
up a huge number of power stations, 
but the plans were never implemented. 
... They required almost a menu of 
different nuclear technologies, which 
—particularly after the Harrisburg 
incident—is no longer advisable. We 
need to concentrate on one type of 
proven reactor, and to put a great 
emphasis on the safety and security 
aspects of that one. I therefore will 
use my influence and my power—as 
far as possible—to determine this 
concentration of effort on one type of 
reactor. I do not think we have the 
technical or organisational capability 
to go ahead in many different direc- 
tions in nuclear power in Italy.” 
. The reactor will probably be the 
Westinghouse pressurised water re- 
actor, which has also. been chosen in 
France and Germany; this not because 
Colombo has any particular attach- 
ment to that but because the con- 
centration of international effort and 
experience on it should make it one 
of the safest systems. 
Nevertheless the Italian industry 
will continue to work on other reactor 
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systems, like the Tirrhena heavy water 
reactor presently under construction 
“to enable the industry to work on 
the commercialisation of CANDU- 
type reactors throughout the world”. 
CNEN will also do direct and spon- 
sored research and development of 
fast breeders and fusion reactors. 

On nuclear safety, CNEN is at 
present both promoter and regulator 
of nuclear power-—-an unsatisfactory 
situation which Colombo expects to be 
changed sometime next year. At 
present “they both depend on me” 
says Colombo. But for the moment he 
is reluctant to give up the dual role. 
“We must first make the safety 
division of CNEN stronger techno- 
logically; I want to fortify it a little 
bit before giving it to somebody else. 
Secondly, the safety problem in 
nuclear plants is not just a health 
problem, it’s a matter of checking the 
design, construction, and operation of 
very complex technological plants, 
which requires some technical ex- 
pertise. If safety is left in the hands 
of medical people alone, and epidemi- 
ologists, they will cover very well the 
biological part but won’t be com- 
petent in the other. So we need both, 
and we need to move towards the 
creation of an independent organisa- 
tion. I hope it will be constituted 
under the premier, who controls both 
industry and health, allowing the 
organisation to include both types of 
competence”. 

“I am grateful to those who have 
been against nuclear power, although 
I do not share their ideas’ said 
Colombo. “They have brought the 
problem to the surface, and obliged us 
to be more frank and serious in our 
considerations.” In the past, he said, 
the nuclear authorities in Italy have 
been too arrogant in their dealings 
with the public; it is time to consider 
clearly and openly all the risks, both 
with and without nuclear power. 

Furthermore, “if we are able to 
develop alternative sources immediately 
so that they can penetrate by 7% by 
the year 2000, and take off thereafter, 
we might even be able to do without 
fast breeders. But if the rate of pene- 
tration is slow, and if nuclear fission 
is the bridging energy source up to 
2020-2030, we will have serious prob- 
lems with uranium.” 

Colombo therefore wants to keep 
fast breeders open as an option, and 
Italy is already building pilot reprocess- 
ing plants “so that when we have to 
decide, we can decide from a strong 
position”. 

Ultimately, however, it is all up to 
the Italian government. “I’m powerful 
as far as propositions are concerned” 
says Colombo “but I'm not the one 
who decides’. Colombo will be sub- 
mitting his first S-year plan to the 
government “in a month or two”. © 
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Energy efforts should 
shift from research 
to conservation 


THe US Administration is placing too 
much emphasis on research into new 
energy technologies, and not enough 
into conservation techniques even 
though the latter have already pro- 
duced considerable energy savings, ac- 
cording to a paper published by the 
Union of Concerned Scientists. 

Dr Vince Taylor, the author of the 
paper, points out that improvements in 
efficiency made by industry since 1973 
have contributed twice as much as oil 
obtained through the Alaska pipeline 
to the energy needs of the US last 
year. “90% or more of the solution to 
our energy problems will come from 
improvement in energy productivity— 
10% or less from supply extension. Yet 
the administrative and budgetary re- 
sources are being allocated in just the 
opposite proportions,” Dr Taylor 
writes. 

Dr Taylor lays out what he calls an 
‘easy path’ strategy which, he claims, 
would redress imbalances in the energy 
budget by concentrating on factors 
such as improving the efficiency of 
motor vehicles and of energy use in 
domestic and commercial buildings, 
and selective switching between fuels. 
This strategy, he says, does not depend 
for its success on expensive and un- 
certain long-range R & D projects. (2 


Carter proposes new 
fund to clear up 
chemical wastes 


PRESIDENT Carter has submitted to 
Congress legislation setting up a $1.6 
billion fund for cleaning up hazardous 
chemical waste dumps and the effects 
of chemical and oil spills, in what one 
aide has referred to as “the most im- 
portant environmental legislation” to 
be proposed by the Administration in 
the current year. 

The President’s move has been 
prompted both by general concerns 
about the effects of industrial pollution, 
and more specifically by a number of 
recent highly-publicised cases in which 
the previous dumping of toxic wastes 
has led to serious environmental and 
health hazards. 

Against the advice of a number of 
federal agencies (although not the 
Environmental Protection Agency) the 
President has also decided that the in- 
dustries responsible for the wastes 
should carry a large part of the bill 
for clearing them up. Consequently 
80% of the fund would come through 
a series of fees imposed on oil refiners 
and chemical manufacturers. D 
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Whitehall urged to relax grip on research funds 


Tue UK Agricultural Research Council 
is now poised to gain control of £24 
million of its funds previously tied to 
work commissioned by the Ministry of 
Agriculture, Fisheries and Food 
(MAFF). And this desire for greater 
freedom from the commitments of the 
Rothschild reorganisation of research 
has been reinforced by a plea from 
the Medical Research Council that 
Department of Health and Social 
Security control of its funds be 
reduced. 

Both developments were revealed 
following last week’s publication of the 
minutes of meetings of the House of 
Commons public accounts committee. 
In the case of the ARC it was stated 
that a review had been carried out by 
the MAFF and the Department of 
Education and Science under the 
previous government and this had in- 
vestigated charges made by the ARC 
for use of its facilities. In particular, it 
was felt that more money should be 
paid by the MAFF for superannuation 
of staff carrying out its work and also 
for some capital costs. The full charges 
amounted to about £24 million and it 
is now known that the Ministry has 
decided to pay this figure. 

Although the MAFF will still control 
54%, of the ARC’s budget, which last 
year totalled £45.6 million, it will now 
find £24 million of its money ear- 
marked for staff and other costs. This 
will free an equal sum for direct use by 
the council, which is likely to spend it 
on priority areas such as the genetic 
manipulation of plants with the aim of 
introducing new characteristics in 
crops. 

However, the agreement to charge 
full economic costing for ARC facili- 
ties still has to be confirmed by the new 
Conservative administration, and this 
decision is expected shortly. Even 
when agreed, the effect will not be im- 
mediate, as many MAFF projects are 
being funded over long periods and 
there is no question of them being 
abandoned. But in the long term this 
financial reallocation will certainly 
give the ARC far greater flexibility in 
its undertakings. 

In his plea to the committee, Dr 
James Gowans, the secretary of the 
MRC, said the transfer of its funds to 
DHSS control represented a vulnerable 
area in the council’s £60 million 
budget: “It is vulnerable because the 
rules say the government departments 
are expected to spend the transferred 
funds with particular councils, but they 
do not have to.” 

He described the present arrange- 
ment as not being ideal—a dissatis- 
faction that stems, in part, from the 
1976 cutbacks which resulted in the 
DHSS suddenly reducing its funding of 
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the council by 10%. “I should like to 
enter a plea that the MRC feels a 
little uneasy about the large chunks of 
its funds which could with political 
change be either decreased or might 
conceivably disappear. In fact, I should 
like to see in the long term the frac- 
tion of my council’s total money, which 
is free money, increase—to give us 
greater stability and flexibility’, he 
told the committee. 

Dr Gowans said there were particular 
difficulties in trying to direct bio- 
medical research through departmental 
contracts. One problem stemmed from 
the MRC's need to supervise all re- 
search, from basic to applied. 

“In cancer, for example, we would 





James Gowans, MRC: “vulnerable” 


consider it essential to start with basic 
molecular biology and go right through 
to trials of new chemicals and radia- 
tion therapies”, he added. It was of no 
use to pick a small fraction of a pro- 
gramme and concentrate only on that 
aspect. 

“The other point is that if one looks 
back at the history of medical dis- 
covery, one finds that the key dis- 
coveries have all been made by 
accident”, he stated. This also made 
it difficult to commission effective 
pieces of research and Dr Gowans in- 
dicated that he would prefer a system 
of saturating the very best talent with 
funds, although this would be hard to 
justify in times of financial stringency 
when many workers were competing 
for limited funds. 

However, in his report to the com- 
mittee, Sir James Hamilton, permanent 
secretary at the Department of Educa- 
tion and Science (which controls the 
major portion of the MRC’s budget) 
said it would be wrong to suggest the 
idea of the customer—contractor re- 
lationship had fatled—although he 
revealed that the DHSS—-MRC relation- 
ship will be reviewed this autumn. This 
is to ensure basic objectives are being 
met in terms of scientific and financial 
accountability and are not being un- 
necessarily burdensome in bureaucratic 
terms. Robin McKie 


WHO lays down safety guidelines 


THE World Health Organisation is 
making progress with its attempt to lay 
down guidelines on occupational ex- 
posure to toxic substances. A meeting 
in Geneva this month agreed on a 
methodology for arriving at permissible 
levels of exposure to four heavy metals 
—cadmium, lead, manganese and 
mercury. 

The first step is to examine all the 
available medical and scientific in- 
formation, followed by the decision on 
what degree of risk can be tolerated. 
Degree of risk has to be decided at 
national level, partly because cir- 
cumstances differ in some countries. 
For example, in the tropics, industrial 
workers may also be exposed to en- 
demic diseases affecting the kidneys, 
liver or lungs. The acceptable level of 
metals toxicity affecting the same 
organs would therefore have to be 
much lower there than in northern 
industrialised countries. 

The meeting made a breakthrough 
with agreement between the US and 
USSR on what should be the actual 
basis for exposure. The Soviets are 
considering switching to the American 
system of time-weighted exposure and 
abandoning their previous “maximum 
exposure” basis. There has also been 


agreement on the principle of adverse 
health effects” for the four metals 
under consideration. Two criteria have 
been laid down: (a) is the effect rever- 
sible or not? (b) are compensatory 
mechanisms in the body impaired? 
From this it is possible to define the 
effects of each substance on an agreed 
“target organ”. 

Finally, the Geneva meeting agreed 
on permissible levels for each metal, 
both “‘biological levels” in the person 
affected and atmospheric levels in the 
place of work or in the immediate 
vicinity of a plant such as a lead 
smelter. 

The need for guidelines such as these 
was because of the wide discrepancies 
in permissible levels between various 
industrialised countries and the feeling 
that guidance would help Third World 
countries moving into industrialisation. 
Previous attempts to recommend levels 
of toxicity through the International 
Labour Organisation have tended to be 
blocked by employers pressure groups. 
The WHO approach was specifically 
medical and scientific, but it is under- 
stood there were, nonetheless, messages 
of strong disapproval from a number 
of industrial firms. 

Peter Collins 
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Sussex students occupy physics building: The protest at 
Sussex University (14 June, page 568) continued to escalate 
as students occupied the physics building, which houses the 
university's main telephone exchange. The telephone 
service to the university was cut off. The occupation, which 
began on 15 June and is expected to last for -at least 
another week, is the result of a week’s failed negotiations. 


Students elected the “excluded” student body president — 


Richard Flint and engineering student Shaun Fensom, to 
present their proposals for joint talks with staff at the 
university Senate meeting. (Their proposal has been 
widened to include the case of 305 students threatened with 
academic sanctions because of a current rent strike against 
university housing. The students voted that sanctiéns or 
threats of sanctions should be withdrawn as a precondition 
for talks and voted to go into occupation if the amnesty 
proposal -was rejected. 

Upon seeing the two excluded students in the 
meeting hall, Vice-chancellor Denys Wilkinson called off 
the Senate meeting but was persuaded by moderate staff 
to reconvene it. A morning session was followed by a 
massive rejection in the afternoon of the student proposal. 
There are no immediate plans to call off the occupation 
and administrative hopes that the summer vacation would 
dampen opposition were dashed as the students voted to 
disrupt conferences during the summer at their last general 
meeting on 19 June. 


Philippines call halt to nuclear plant: The Philippine 
government has halted construction work on a £600m 
Westinghouse reactor for alleged violations of the safety 
warranty. The plant was begun in 1976 and was to be 
finished in 1983. The government acted when Westing- 
house refused to send a safety team to the Philippines to 
discuss the Three Mile Island accident, and after the US 
Union of Concerned Scientists had sent a detailed plan of 
deficiencies in engineering and design. Westinghouse had 
commissioned an independent inquiry which found that 
there was no evidence that the reactor would be unsafe. 
The ban on building will not be lifted until the government 
is convinced that the plant posed “no danger to the 
people.” 


Vietnam veterans studied for herbicide exposure: Vietnam 
veterans are to be the subject of a study of the long term 
effects of exposure to the herbicide, 2,4,5-T. The investiga- 
tion, ordered by the Carter administration, will examine 
1,200 veterans exposed to the herbicide during spraying 
missions over Vietnam in the years 1962-1970. Scheduled 
to last six years, the investigation will be carried out by 
the Air Force and the Department of Health, Education 
and Welfare; it will supplement an inquiry already begun 
by the Veterans Administration. Concern about the health 
hazards of 2,4,5-T and its tetrachlorodibenza-p-dioxin 
contaminant—a known teratogen and carcinogen—has 
increased in recent years. Vietnam veterans were exposed 
to the herbicide in a formulation called Agent Orange of 
which 2,4,5-T is one of two components. Agent Orange 
was known to have much higher concentrations of the 
dioxin than 2,4,5-T preparations in current use. 

Clinical data from the 1,200 subjects will be compared 
with that from a control group of 1,800. Doubts still 
remain about the scientific methods to be used in the 
study. Evaluation of the results will also prove difficult 
with the wide ranging clinical symptoms attributed to 
exposure to 2,4,5-T. Veterans are claiming that psycho- 
logical disturbances, malaise and death from cancer can 
all be traced to exposure to 2,4,5-T.—from Alastair Hay. 
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New HSE microbiological adviser 
to be tough on safety: The UK 
Health and Safety Executive has 
appointed Dr Bob Harris (left) as 
its adviser on microbiological 
hazards at work. Harris, director of 
the former Microbiological Re- 
search Establishment at Porton 
Down, is a firm believer that society 
must control the safety of research 
work. He also supports trade 
i union and general public represen- 
| A » » ‘tation on committees such as the 
Genetic Manipulation Advisory Committee. Harris took 
up his post of senior consultant adviser on 21 May. He 
will oversee the development of contaminant assays and 
training of HSE staff in their use, and he will represent 
the HSE on committees and public bodies. Harris is an 
experienced cancer researcher, most recently as head of 
the Imperial Cancer Research Fund’s Division of Experi- 
mental Biology and Virology. His appointment is expected 
to silence criticism from “a minority of researchers’ who 
have opposed HSE interventions in laboratory safety. 





British delegation tries to sell Magnox reactors in Peking: 
A British Energy Exhibition organised by the UK Depart- 
ment of Energy and the British Overseas Trade Board 
visited Peking from 6-16 June to sell energy technology 
to the Chinese. British Nuclear Fuels Ltd and the Nuclear 
Power Company are trying to interest the Chinese in the 
UK’s Magnox reactor, an old first generation machine 
that is considered to be the safest nuclear reactor. Mr 
Robert O’Neil, head of engineering safety and technology 
at the UK Atomic Energy Authority, gave a long talk on 
reactor safety to a Peking conference on 12 June. O’Neil 
told the Peking audience that the probability of receiving 
a lethal dose of radiation at a distance of 15 km from a 
reactor was approximately the same as being hit by a 
meteorite or ‘killed in a supernova explosion of a star”. 
There is no record yet of specific questions asked by the 
Chinese about reactor safety. 


Environmental agency urges destruction of nerve gas 
bombs: The US Environmental Protection Agency has 
recommended to the Defense Department that it should 
destroy the Army’s stock of 900 Weteye nerve gas bombs, 
rather than move them from a Denver arsenal to a base 
in Utah. This follows evidence that a number of bombs 
are leaking inside their sealed containers. 

Although the Army had initially announced its own 
plans to destroy the weapons (the most modern chemical 
weapons in the US armoury produced shortly before a 
ban was imposed by President Nixon in 1969). Defense 
Secretary Harold Brown announced last year that the 
weapons would be kept as a deterrent to any use of lethal 
gas in war by the Soviet Union. Plans to move the bombs, 
which contain more than 300,000 pounds of gas, were first 
proposed for last year, but postponed when two were found 
to be leaking. Following a new announcement last month 
by the Defense Department that it would shortly begin 
transporting the bombs after an investigation had con- 
cluded that the rest of the bombs were safe and could be 
moved, Utah governor Scott Matheson announced his 
intention to seek a court order preventing their transport. 

In a letter to the officials of the Rocky Mountain 
Arsenal, where the bombs are currently housed, the EPA 
Says that, in view of newly-discovered leaks, the bombs 
should be destroyed. 
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CERN-—the next 25 years 


The European centre for subnuclear physics-CER N-celebrates 
its 25th anniversary next week. But it is a time for Europe 
to look forward, not back. Robert Walgate reports 


AMERICAN high energy physics labora- 
tories—there are three major ones— 
have generated one or two Nobel 
prizes, and much spectacular physics. 
On the other hand CERN, the Euro- 
pean centre for high energy physics, 
has discovered ‘neutral currents’ (a 
new kind of weak interaction), but 
nothing else with the feel of a Nobel 
prize. (The one for neutral currents 
hasn’t been awarded yet.) CERN has 
been much praised for the quality of its 
work; but sometimes this has felt like 
being patted on the back for trying 
hard. However, all this seems about 
to change. 

Burton Richer, an American who 
won a Nobel prize for discovering the 
J/psi (indirectly a discovery of the 
charmed quark) agreed last week that 
in the last 25 years the greatest dis- 
coveries have been American; but in 
the next 25, he said, “Europe will be- 
come the senior partner”. And accord- 
ing to Leon Lederman, also a man of 
spectacular discoveries (he recently 
found the next quark, bottom, in a 
9.5 GeV particle called upsilon), “the 
US is going to have a rather hard 
time competing”. 

However “it’s nonsense” says 
Lederman, to say that CERN was too 
concerned with quality and missed the 
spectacular results. “Anyone can get 
spectacular results”. The reason the 
US got most of the big discoveries was 
partly the statistics of small numbers 
~—luck. “Plus we had a heritage of 
experience. We had accelerators run- 
ning in 1951.” CERN’s first, the SC, 
started up in 1957. And now he envies 
the quality of CERN engineers. “The 
European engineering education is 
better based in mathematics and 
physics and ideally suited to accelera- 
tors.” 

Lederman should know, for it is, in 
some sense, his job to compete: he has 
been appointed director of The Fermi 
National Accelerator Laboratory 
(Fermilab) in Chicago, America’s 
nearest equivalent to CERN. But he 
says “we're undermanned by a factor 
of 2 or 3; we don’t have the people 
or the money”. The previous director, 
Robert Wilson, resigned over a ques- 
tion of funding. 

But CERN isn’t going ahead simply 
because the US is falling behind. It has 
three adventurous plans on the books: 
one approved and building; one on the 
verge of approval; and one very ambi- 
tious scheme yet to be put to the 
political test. 
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The first (the antiproton collider) 
should generate physics from the 
collisions of protons and antiprotons 
within the present 500 GeV accelerator 
ring towards the end of 1981. There’s 
probably a Nobel prize in it through 
the discovery of the ‘intermediate vector 
boson’ (a particle as important to 
modern physics as the structure of 
DNA was to 1950s biology). The 
second (LEAR) should use stored 
antiprotons for unique experiments in 
low energy nuclear physics. And the 
third (LEP) would generate 200 GeV 
collisions between electrons and posi- 
trons (presently the cleanest way of 
investigating the fine structure of 
matter) towards the end of next decade. 
There are probably a few Nobel prizes 
in that. 

A firm and unanimous proposal for 
LEP, the result of the deliberations of 
hundreds of physicists thoughout 
Europe in the technical panels of 
ECFA (the European Committee for 
Future Accelerators), should go to 
CERN Council on 9 November this 
year, LEP is CERN’s future for the 
late 1980s and 1990s; it is up to govern- 
ments to decide if CERN can have it. 
(The clash between Germany and 
CERN over the siting of LEP has died 
down; CERN will have it, while 
Germany’s national Hamburg lab- 
oratory DESY will add protons to its 
electron rings: at least that’s the 
physicists’ plan.) 

Hamburg, too, is ahead; experiments 
are underway there on what is 
presently the world’s highest energy 
electron-positron machine, PETRA, 
with the American equivalent, PEP 
(Burton Richter’s machine), coming on 


in November about a year later 
because of funding delays. 

But America hasn’t given up. 
According to Lederman “I think 


Fermilab is going to cause CERN a lot 
of grief”. Fermilab is building—and 
has been building for some time—a 
ring of superconducting magnets (the 
‘energy doubler’) to join the normal 
magnets in its 500 GeV proton ac- 
celerator tunnel, and these magnets 
will give Fermilab the capability of 
reaching beam energies of 1000 GeV 
to collide with a target, or making 
collisions between 1000 GeV and 1000 
GeV countermoving protons. Leder- 
man hopes to phase in physics on the 
colliding beams by 1982; and on fixed 
target by 1983. This would give 
Fermilab the highest energies in the 
world. “The doubler is the only way 
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Leon Van Hove, CERN research director: 
leaving “after a very interesting period of 
defining future projects” 


we can get ahead” says Lederman. 
(Ultimately the USSR should over- 


take Fermilab with UNK, a 10,000 
GeV-——10 Te V-—machine. ) 
Furthermore at Hamburg there 


have been problems in reaching design 
collision rates (which determine 
whether an experiment can be done 
in months or years) because of a 
complicated acceleration system which 
will not trouble PEP. Richter says 
“I’ve laid a number of bets that within 
two weeks of first injection we will be 
at 10% of design luminosity”. PETRA 
has been sitting around 1%, and 
although this figure is rising fast there 
will be a lot of physics left for PEP 
to do. 

A few years ago such competitive- 
ness was justified in terms of repeating 
experiments: if Fermilab discovered 
something, then CERN ought to 
check it. There was an example of 
that recently, when an anomaly in 
neutrino interactions discovered in a 
rough and ready fashion at Fermilab 
was checked—and discounted—~in a 
more sophisticated experiment at 
CERN, 


Sharing unique facilities 


But the future seems to be one of 
unique, continental facilities and no 
overlap. 

So a number of physicists——parti- 
cularly American ones-—-foresee a 
period when there will have to be 
increased international cooperation, 
even going so far as a transatlantic 
pooling of funds on projects such as, 
for example, the energy doubler at 
Fermilab. But according to the chair- 
man of ECFA, Marcel Vivargent, this 
is impossible at present; CERN funds 
are very rigidly controlled by the 
member states and must be spent only 
for Europe. “But if LEP is accepted” 
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said Vivargent last week “we will have 
to discuss cooperation”. 

Leon Lederman, Fermilab director, 
raises an interesting issue: there are 
26 European groups currently working 
at Fermilab, he says, who have come 
through the usual selection procedure 
by merit. “We have no way of 
assessing where a proposal comes 
from... but the energy doubler is 
going to raise a question of dis- 
crimination.” With their (disputed) 
better funding the European groups 
will have better equipment for their 
experiments, he says, and without dis- 
crimination this would leave the Ameri- 
cans in the cold. There seems to be a 
possibility here that if competition does 
not ease, it will increase. No sharing 
of funds, no sharing of experiments, 
may be a new threat from the US to 
Europe. 

Leon Van Hove, research director- 
general of CERN, feels that the normal 
exchange of groups (evidenced by the 
26 European groups at Fermilab) will 
suffice; and that although exchange is 
increasing, no new procedure or in- 
stitution (to match groups and lab- 
oratories) is necessary. The Inter- 
national Committee for the Future of 
Accelerators (ICFA) under the Inter- 
national Council of Scientific Unions 
(ICSU) would be sufficient to discuss 
the matter, he feels. 

Burton Richter, on the other hand, 
believes that the old ways will not 
suffice, because of the large and in- 
creasing cost of the apparatus that 
must be built up around an accelerator 
to do a particular experiment. A 
single detector at LEP would cost 
about $20 million, he estimates; who 
is going to pay for the apparatus, the 
group or the laboratory? 

And how should the operating costs 
of the accelerators be divided? Accord- 
ing to Lederman, Fermilab’s electricity 
bill is presently $7 million, and may 


rise to $10-12 million next year 
(though the superconducting energy 
doubler, used not to double beam 


energy but to save accelerator power, 
could cut the costs 70%). And LEP, 
according to some estimates, if it used 
conventional magnets, could consume 
500 MW of electrical power. (But that 
estimate is sensitive to the assumed 
radius, and to the energy of the 
machine. The consumption rises as the 
fourth power of the beam energy.) 
With costs and consumptions such as 
these, intercontinental cost-sharing 
may be necessary. 

Whatever agreements may prove to 
be necessary on this level, there is a 
definite feeling both in Europe and the 
US that Europe now has the initiative. 
In the short term the US has PEP, 


which will be competitive with 
PETRA; in the long term, the 
American future depends on the 


technology of superconducting mag- 
nets, which Fermilab is still wrestling 
with. (Another US machine for the 
mid-80s, Isabelle, a high energy East 
Coast machine to collide protons with 
protons, also needs superconducting 
magnets.) Lederman says Fermilab is 
about to go into a 
production run (they have produced 
200 in various batches so far) but 
CERN cynics say they have heard that 
before; the technology is proving very 
difficult, 

(if LEP needs superconducting ac- 
celerating cavities to save power costs 
and reduce that 500 MW to something 


manageable, it will face a problem of © 


even greater magnitude. But test 
cavities are already in construction at 
Karlsruhe in West Germany for trials 


at DESY.) 
Is there a simple reason why Europe 
appears to have taken the lead? 


According to Lederman, funding has 
a lot to do with it. “In the early 50s 
we were better funded, but somewhere 
in the 70s the budgets crossed.” In 
CERN, it is not felt that Europe has 
much more money to spend-——rather 
that the US is stretching its resources 
accross too many projects. “If we had 
the energy doubler, PEP, and Isabelle, 
I wouldn’t say we badly off” said one 
CERN physicist. And according to 
Leon Van Hove “to run three big labs 
on a small budget is trying to square 
the circle”, 


Delayed advantage 

Also, the delay in building the 500 
GeV super proton synchrotron (the 
SPS) at CERN may, in retrospect, have 
been an advantage. While the US 
committed a large fraction of its 
funds to the construction of Isabelle, 
which many now see to be an outdated 


machine, it became clear that a major 
way forward in physics was to collide 


particles with their  antiparticles 
(electrons with positrons, which gave 
us charm, or protons with antiprotons). 
Hence when the SPS was built, 
European physicists were free to use 
their new experience in allocating the 
potential European budget to the 
antiproton collider and to LEP. 

Furthermore there appears to be a 
new mood in CERN, It used to be 
accused of being very strong on 
engineering—-accelerator design-—but 
unadventurous on physics. There was 
a strong division between the accelera- 
tor people who wanted a beautiful 
machine, and the users who wanted 
physics quickly. Now that divide is 
being bridged, and the accelerators are 
really being designed to suit the 
physicists, while the physicists are be- 
coming more aware of the real con- 
straints of design. LEP is certainly 
benefiting from this, and so is the 
antiproton collider. 


1,000 magnet. 
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That particular project is very in- 
structive. An Italian with Italian 
temperament and American deter- 
mination, Carlo Rubbia, who had been 
doing neutrino experiments at 
Fermilab and making a few discoveries 
(dimuons, events now connected with 
charm, and the anomaly later dis- 
counted at CERN), decided that the 
Fermilab and CERN accelerators could 
be used to make the intermediate 
vector boson (this latest holy grail of 
physics) if antiprotons could be injected 
into them the wrong way round. 
Simple in principle, but difficult in 


practice; but Rubbia was enough of an 


accelerator engineer to make some 
sensible proposals. He made them, to 
CERN and Fermilab, around 1976, 
and from then on the labs were in 
competition. 

Then a number of interesting events 
occurred. First, it became clear that 
the vacuum in the Fermilab machine, 
at 107 Torr, while good enough for 
the accelerator, would not do for day- 
long storage of intense beams (beams 
were lost in 30 minutes); while the 
SPS, over-designed to some American 
tastes at 10°° Torr and in easy reach 
of 10°° Torr, could do the job it had 
not been designed for. 

Second, the CERN team in charge 
of future projects rejected the scheme, 
which involve creating antiprotons, 
catching them, and ‘cooling’ them into 
a confined beam, as impractical—so 
the project was taken on directly by 
people who were in favour of it. 
“There were people at CERN who 
were determined not to be beaten 
again” said one member of Rubbia’s 
group. “They'd lost the J/psi and the 
upsilon to the US and they were not 
going to lose the IVB”. There was, in 
fact, a kind of breakthrough by radical 
elements, greatly assisted by the 
persuasive powers of the antiproton 
advocate, Carlo Rubbia. 

Third, the CERN directorate swung 
wholeheartedly behind the scheme (in 
fact they had’ a choice between two 
radical proposals, one involving elec- 
trons; it’s arguable which was best) 
and put a good deal of CERN money 
into it. 

And finally, the CERN accelerator 
physicists and engineers moved rapidly 
in reaching the solution of a very 
difficult technical problem, and proving 
it in a beautiful experiment, the initial 
cooling experiment (ICE). The project 
drew on all available CERN expertise, 
but decisions were taken sequentially 
as step after step was proved. There 
are still two years and many problems 
to go, but the antiproton projects ap- 
pears to be CERN at its very best— 
using not only its skills, but also a 
large dash of imagination. Yes, Pro- 
fessor Lederman, it’s going to be a very 
difficult combination to beat. g 
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Science in Bolivia: 


the great divide 


Bolivia has had 190 Presidents in 150 years of 
independence. Seven out of 10 of its poverty-stricken 
people are illiterate, and yet the country has eight 
‘liberal’ universities for the privileged few, 

generally those of European descent. 

This frustrating formula is carried over into science: 
research is confused, geared to foreign backers and 
largely unrelated to the needs of the people. 

John Hutton, from the Department of Clinical . 
Biochemistry at Addenbrooke’s Hospital, Cambridge, visited 
Bolivia on a Nature writing fellowship. 


Tue village of Patacamaya lies to one 
side of the road that links the com- 
mercial centre of Bolivia, La Paz, with 
the mining town of Oruro. To the out- 
sider, it is just like any other of the 
windswept settlements scattered across 
the Altiplano, the high plateau where 
60% of Bolivia’s five million people 
live. The village square seems deserted, 
the adobe huts practically uninhabited. 
There is a pervasive air of forlornness, 
only dispelled when the first light 
appears on a Saturday. Before dawn, 
trucks that have arrived from all over 
the countryside crowd into the market- 
place, stacked with produce and 
people. Salt blocks conveyed by llama 
trains from the salars to the south 
west are exchanged for fresh fruit 
and vegetables transported across the 
mountains from the jungle regions to 
the east. What money changes hands 
is spent on a few manufactured goods 
from La Paz or a farming implement 
forged in the open air foundry beneath 
the eyes of the crowd. In the late 
morning it is time to celebrate the 
purchase of a cow, perhaps, or consult 
with a herbalist, but by the afternoon 
the dust has settled and the stillness 
has returned. 

Less than seven kilometres from the 
village, and in stark contrast, is a 
Ministry of Agriculture research 
station, a monument to the agricultural 
potential of the high plateau. Estab- 
lished on what was formerly an estate 
thought too poor for redistribution 
under the agrarian reform of 1953, it 
demonstrates the transformation that 
can be wrought by the application of 
machinery, fertilisers, and plant and 
animal breeding techniques. To the 
Indian farmer tracing a furrow behind 
a single-bladed wooden plough tethered 
to a pair of oxen or to the shepherd 
following his few llamas and sheep as 


Drawings by Professor P. J. Schofield of 


the University of New South Wales, 
Australia 
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they seek sustenance amid the stones 
and stubble nearby, the research 
station seems no more of his world 
than is the Russian satellite tracking 
station also located at Patacamaya. If 
anything, it only serves to remind him 
that he stands outside the money 


economy, that nobody cares for his 


education, that some of his children 
will die before reaching adulthood and 
that none of his family can expect to 
live for more than fifty years. Although 
the revolution has given the native 
farmer back his land, it seems that the 
administration has no place for him. 
With respect to health and education, 
the rural dweller is ignored, left to eke 
out a subsistence living from an in- 
hospitable environment with little but 
his own meagre resources. 
Somewhere between the agronomist 
of the research station and the sub- 
sistence farmer there is another man: 
a farmer’s son, perhaps, whose 
primary education at the local school 
sets him apart, and who sees no future 
for himself in the bleak countryside. 
Given the opportunity, he would make 
the journey to La Paz, in the hope of 
becoming a gardener or a servant, or 
to work in one of the few factories. In 


time he might hope to own a truck or 


to rent a stall in the sprawling market- 
place, and his dreams would be to 
change his traditional habits, purchase 
a few goods such as a radio or tele- 
vision and to educate his children into 
a better place in society. 

The present Bolivian educational 
system, which leaves 70% of the 
population illiterate, still finds a place 
for eight universities—despite the 
country’s small population. Amongst 
them is the oldest university on the 
South American mainland, the Royal 
and Pontifical Higher University of 
San Francisco Xavier of Chuquisaca. 
Traditionally, these institutions served 
to maintain the Hispanic cultural 
heritage and they were dedicated to the 
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formation of a liberal professional elite, 
whose ranks excluded both women and 
the native population. 

Today, amalgamated under the title 
of the Bolivian University, they are 
nominally non-sectarian, academically 
autonomous and open to all. Despite 
this, membership has generally re- 
mained the privilege of an urban class 
of European or mixed European 
extraction. Enrolments in economics, 
law, medicine and engineering still 
account for more than half the student 
population, and so the country has too 
many doctors and too many planners 
who, in the absence of appropriate jobs 
at home, are forced to seek employ- 
ment overseas. 

The pursuit of science, as a career 
leading to technical expertise or as a 
research discipline, is invested with 
little of the prestige attached to the 
liberal professions. University teaching 
is hampered by the national political 
instability which, combined with the 
volatility of the student population, can 
result in the suspension of classes at 
any time for periods of several months. 
The majority of teachers have little 
more than a basic degree or may even 
be unqualified, having obtained their 
position through personal influence. 
Even those with full-time positions 
often work at a second job, leaving 
their classes to one of their assistants, 
usually a final year student. In science, 
practical training is limited as there 
are often no laboratory facilities, or 
materials are restricted to what the 
student can provide from his own 
funds. Postgraduate education does 
not exist at present, but even if the 
plans for it were implemented, who 
would be the teachers? In short, the 
few students who wish to become 
scientists have little choice but to seek 
their training overseas. 

Upon their return they may find 
limited opportunity for research except 
in the fields of cosmic ray physics or 
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high altitude physiology. Bolivia’s 
geographical position, with a range of 
altitudes up to 7,000 metres above sea 
level and a large proportion of the 
population living at around 4.000 
metres, provides an ideal laboratory for 
this type of research and has attracted 
investment from overseas in establish- 
ing research facilities in these areas. 

Yet even here an overseas-trained 
scientist does not always find himself 
in a hospitable environment. His newly 
won diplomas may not be recognised, 
he may find difficulty in getting on to 
the university payroll and he will in- 
evitably encounter pressure from his 
peers to conform to the sedentary 
existence of preparing reports or 
feasibility studies rather than hazard 
the difficulties of performing a concrete 
task. While his knowledge of his 
discipline may be superior to that of his 
colleagues, his adroitness and experi- 
ence in the political realm may not 
match their skills. If this is the case, 
he may be lost. The few scientists who 
do succeed in establishing themselves 
in a productive research career do not 
always remain there. Summary dis- 
missal for political reasons may 
terminate their work, or, by a more 
insidious process, they may find their 
efforts spread over too many projects, 
and their energies dissipated by trave 
overseas to consult upon the develop- 
ment of their country. 

A better climate for science seemed 
in store at the end of 1977, when 
President Banzer established by 
supreme decree a Council of Science 
and Technology with the powers to 


Farm tools for sale in La Paz market 


assess and direct scientific research 
within the country. This was the first 
time that any Bolivian government had 
recognised that current research could 
be of use, and that further investment 
in research might assist in the develop- 
ment of the country. The council has 
not, however, received a great deal of 
financial support, and it may be only a 
gesture in response to pressure from 
the Organisation of American States 
and the United Nations. Nevertheless. 
despite two changes in the military 
government and the usual administra- 
tive reshuffling that accompanied these, 
it manages to survive and is now 
making its plans known. 

The scheme of development which is 
envisaged in the council’s early reports 
is implicitly that of the construction 
of a Western-styled, capital-based, con- 
Sumer society. Progress towards this 
is to be achieved by the further ex- 
ploitation of mineral resources, the 
production of cash crops for the export 
market and the expansion of industry 
with the aid of foreign technology. The 
scientist is seen as the source of new 
technologies which will help relieve the 
Stranglehold imposed by foreign cor- 
porations. The council sees the pro- 
motion and funding of local research, 
however, as the responsibility of in- 
dustry, or of the developed world 
through the establishment of an inter- 
national fund. But what investor is 
going to be so benevolent as to buy his 
way deliberately out of a market? 
Institutions such as the International 
Development Bank, after all, do not 
invest their money for love. 
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In keeping with the council’s broadly 
defined goals, steps have been taken 
through the universities and their 
associated institutions to support on- 
going research which has the potential 
for immediate economic impact, and 
to encourage specific projects of an 
applied nature. Such changes are to be 
made within the framework of the 
present budgetary restraints, a move 
which seems to lead inevitably to the 
demise of cosmic ray physics and high 
altitude physiology. On the other hand. 
the futility of supporting too many 
specific projects is revealed by a glance 
at any of the laboratories throughout 
the country, many of which house 
elaborate equipment that has never 
been operated or even installed. The 
Situation is invariable: the initial 
project grant failed to account for the 
services of a skilled technician, a part 
was missing or an essential chemical 
not ordered, and by the time funds 
were available again and the de- 
ficiencies made good, time had passed, 
enthusiasm waned and the research 
team disbanded. 

The agricultural research station at 
Patacamaya is one project which has 
fulfilled its aims. But the agronomists 
who are bent on emulating an agri- 
cultural system designed to suit 
another physical and economic en- 
vironment often find it difficult to see 
past the superstition and ignorance that 
surrounds them. Even if they attempted 
to make contact with their neighbours, 
the chances are that there would not 
be a common language in which to 
communicate their ideas. The agro- 
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nomist may speak only Spanish, the 
sole idiom in which education is avail- 
able, while the native farmer may 
speak only Aymara, the native tongue 
of the high plateau. Disillusionment is 
mutual. The frustrated scientist may 
well question the validity of sophisti- 
cated techniques such as ova trans- 
plantation or investigation into animal 
genetics when there seems to be little 
scope for the implementation of this 
kind of technology. No wonder that 
his sharper colleagues have taken 
office jobs in La Paz or that almost 
half the class with whom he graduated 
have left Bolivia permanently. 

The experience of other Latin 
American countries suggests that in- 
vestment into applied research only is 
in fact a costly and inefficient path to 
the development of new technologies. 
It is important for these countries to 
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research, develop 


basic 
teaching standards and invest in library 


encourage 


facilities: in sum, to construct the base 
of an indigenous establishment which 
could eventually define and resolve 
scientific problems within the context 
of the society. 

In a country which has seen more 
than 190 presidents in the 150 years 
since colonial rule ended, and where 
government is largely a question of 
survival, a. change of heart is essential 


if a longer view of investment in ` 
scientific research is to be propagated. 


Meanwhile, Bolivia has few safeguards 
against the encroachment of modernity 
and almost no inherent means of curb- 


ing the aspirations of a ruthless dictator 


or foreign investor. Given the present 
state of the society, it seems that 


Bolivian science and technology will 
remain the artefacts of the more de- 


veloped powers. One wonders, then, 
how much longer will the agronomist 
and the native farmer, each surrounded 
by the trappings of his own culture, 
continue to gaze uncomprehendingly at 


‘dustry. 


Double standards | 


. TWENTY years ago in Britain there 


was considerable concern that pesti- 
cides might wipe out much of our 
wildlife. Thousands of corpses of seed 
eating birds were found in the corn- 
fields of East Anglia, poisoned by 
aldrin or dieldrin, used as a seed 
dressing to protect the newly-planted 
grain from attack by the wheat bulb 
fly. Hawks which preyed on these 
seed eaters, and foxes and badgers 
which ate their corpses, were also 
affected, and the population of the 
Peregrine falcon was eliminated from 
many parts of the country. When the 
cause of this holocaust was re- 
cognised, British farmers and pesti- 
cide manufacturers agreed in 1962 to 
a voluntary ban on the more 
dangerous use of these pesticides, and 
since then the situation has greatly 
improved. The slaughter of seed eat- 
ing birds has ceased, and the popula- 
tions of predators have increased 
considerably. There are still isolated 


- incidents when pesticides kill numbers 


of birds and other animals, usually 
arising from the misuse of the 
chemicals, but in general the situa- 
tion is satisfactory. 

This improvement in Britain 
occurred as a result of the coopera- 
tion of naturalists, scientists and in- 
Bodies like the voluntary 
organisations of ornithologists, the 
Royal Society for the Protection of 
Birds and the British Trust for 
Ornithology, worked closely with the 
government supported Nature Con- 
servancy and the official Ministry of 
Agriculture to spell out the recom- 
mendations of the Pesticides Safety 
Protection scheme with the menaibers 
of the chemical industry. It is perhaps 
significant that their successful, regu- 
lations were brought into force some 
time before the appearance of Rachel 
Carson’s book, Silent Spring, which 
is often thought to have alerted people 
to the danger of pesticides. Scientists 
had been well aware of the dangers 


| for several years, and, as I have in- 
|. dicated, had done something practical 
“about them. I fear. that the main 


effect of Silent Spring was to make 
the uninformed over-react, and to deny 
the safe use of “bene‘icial chemicals 
to many people throughout the world. 

However, the situation varies from 
country to country. It‘has often been 
alleged that while the chemical in- 
dustry has been ‘very responsible in 


developed countries like Britain and 
+. other parts of Western. Europe, where 
į they have restricted their sales of 


chemicals known to endanger wildlife 
and the environment, they have 
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till now I have seen little evidence 
that they are dumping chemicals 
abroad that they cannot sell in 
western countries. However, recently 
on the shores of Lake Titicaca, 
3,812m above sea level in the 
Peruvian Andes, I saw a huge, ugly 
hoarding advertising aldrin on behalf 
of the Shell company. Quite apart 
from the visual pollution of a beauti- 
ful previously quite unspoiled land- 
scape, I doubt the wisdom of this 
commercial enterprise. I also saw, in 
the offices of the government agri- 
cultural officer at Junin, only a few 
kilometres from the even higher Lake 
Junin (4,081 m), a pictorial calendar 
advocating the use of a whole battery 
of organochlorine pesticides the use 
of which is strictly controlled or even 
banned in most developed countries. 
I would be the first to agree that 
medical and dietary problems in de- 
veloping countries are such that pesti- 
cides are essential, and that to save 
human lives wildlife may sometimes 
have to be put at risk. With skilled 
operatives, there may be a place in 
Peru for aldrin. But all countries, 
developed and developing, need a 
code of practice something like that 
so well observed by industry in 
Britain. If substantial amounts of 
aldrin get into the hands of the un- 
sophisticated peasant farmers of the 
high Andes, the chemical is bound to 
find its way into the lakes and rivers. 
There it could well be concentrated in 
the bodies of the fish and other 
aquatic life, and could then be passed 
along the food chain to the unique 
birdlife of the region. The result 
could be an ecological disaster. The 
economic gains to the chemical 
industry or to the farmers are surely 
not sufficient to justify such risks. 
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Why do messengers wear caps? 


from M. J. Clemens 


DurinG the past decade we have 
learned a great deal about the struc- 
tures. of messenger RNA molecules in 
both bacterial and higher cells. Pains- 
taking work in several laboratories has 
brought molecular biologists from a 
position of doubting whether such 
entities really existed to one of con- 
sidering which particular structural 
features enable these molecules to func- 
tion as the efficient carriers of genetic 
information in living cells. One of the 
most exciting (and unexpected) de- 
velopments in this story was the 
discovery of the ‘cap’ structures at the 
5° ends of most eukaryotic (but not 
bacterial) mRNAs. These caps com- 
prise a methylated guanosine residue 
linked by a 5-5 triphosphate group to 
the first coded nucleotide of the RNA; 
the latter, and the subsequent nucleo- 
tide in the sequence, can also be 
methylated, giving rise to structures of 
the type m’G(S5)ppp(S)X™py™. 
There is now a considerable amount 
of information concerning the biosyn- 
thesis and the functions of cap struc- 
tures in eukaryotic cell and viral 
mRNAs (reviewed by Shatkin Cell 9, 
645; 1976 and more recently by 
Filipowicz FEBS Lett. 96, 1; 1978). 
Several possible roles for caps have 
been proposed, including stabilisation 
of mRNAs against degradation by: 5’- 
exoribonucleases. Greatest attention, 
however, has been paid to the influence 
of the structures on the efficiencies of 
translation of mRNAs. Several comple- 
mentary studies, which have included 
the use of uncapped and capped mole- 
cules as templates for cell-free protein 
synthesis, and investigation of the 
effects of compounds which resemble 
the cap structures, have revealed that 
the presence of a cap usually enhances 
the ability of a messenger to code for 
a polypeptide chain. In the cases where 
the mechanism of this enhancement 
has been investigated, it appears that 
capped mRNAs bind to ribosomes 
more rapidly and to a greater extent 
than their uncapped counterparts. 
This important . observation has 
raised the additional question of how 
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those mRNAs that are not normally 
capped function as templates for pro- 


tein synthesis; in. particular, how do 


bacterial messengers cope with this 
problem and what would be the effects 
of introducing caps on to these mole- 
cules? Some of the answers to these 
questions. are supplied by two papers 
by Paterson and Rosenberg in this 
issue of Nature (page 692). They have 
found that several prokaryotic mRNAs 
can be translated quite efficiently in a 
cell-free system derived from wheat 
germ provided that the 5’ ends of these 
messengers are modified by addition of 
a methylated cap structure. This modi- 
fication was achieved in two ways, 
either using the endogenous cap- 
forming activity of the wheat germ 
system with S-adenosyl methionine as 
methyl donor, or using enzymes puri- 
fied from vaccinia virus to add the cap 
and then re-extracting the RNA before 
adding it to the cell-free system. By 
such manipulations the efficiency of 
translation of defined mRNAs of bac- 
teriophage A and of the E. coli gal 
mRNA could be made comparable with 
that of the eukaryotic globin mRNA. 

These results must indicate consider- 
able evolutionary conservation of the 
mechanism by which the protein syn- 
thetic machinery recognises its tem- 
plates; apart from the absence of a 
cap the normal structural features of 
bacterial mRNAs appear to be suffi- 
cient to permit their utilisation by the 
wheat-germ extract. But how do 
bacterial ribosomes bind to uncapped 


bacterial mRNAs? Clearly there must 


be different structural features of the 
latter which facilitate such interactions. 
One such feature is the presence of 
nucleotides on the 5’ side of the initiat- 
ing AUG codon which can form base 
pairs with sequences at the 3’ end of 
16S ribosomal RNA (Shine and 
Dalgarno Proe. natn. Acad. Sci. U.S.A. 
71, 1342; 1974). It is interesting that 
eukaryotic mRNAs, in contrast, gen- 
erally cannot form extensively base- 
paired complexes with eukaryotic 18S 
rRNA and, as pointed out by 
Rosenberg and Paterson, neither can 


the mRNAs they have used. One 
reason for the appearance of cap 
structures in higher cells may therefore 
be to replace the direct mRNA-rRNA 
interaction which facilitates ribosome 
binding in prokaryotic organisms. 
Because cap structures appear not to 
bind to ribosomes directly, but require 
one or more additional protein initia- 
tion factors for this process, we may 
also have a partial explanation for the 
greater number of such factors needed 
for successful eukaryotic protein syn- 
thesis, relative to the prokaryotic 
process. 

We are now in a position to see in 
outline how eukaryotic cell ribosomes 
may find the AUG initiation codons 
on mRNAs, according to the model 
recently proposed by Kozak (Cell 15, 
1109; 1978). Native small ribosomal 
subunits carrying initiator methionyl- 
tRNA bind at or near the 5S’ cap 
structure and then move along the 
RNA, scanning its sequence until an 
AUG is soon encountered, which will 
be complementary to the anti-codon 
on the tRNA. The large ribosomal sub- 
unit then attaches and protein synthesis 
can commence. Thus, polypeptide 
assembly begins at the first AUG codon 
occurring at the 5 end of the RNA. 
A prediction from this model is that 
internal AUG triplets are not used 
as initiation sites and that eukaryotic 
ribosomes cannot translate cistrons 
other than the 5’-proximal one in poly- 
cistronic mRNAs, even after cap 
addition. This prediction is borne out 
by the results described by Rosenberg 
and Paterson, making it tempting to 
suggest that cap-dependent initiation 
is the reason for the absence of func- 
tional polycistronic mRNAs from 
higher cells. 

In addition to the mechanistic impli- 
cations of these experiments, some 
practical considerations arise concern- 
ing the efficient expression of foreign 


M. J. Clemens is in the Department of 
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genes in both animal and bacterial- 


cells. The addition to prokaryotic 
mRNAs of cap structures, with or 
without the non-coding sequences 
adjacent to them, by means of chemi- 
cal, enzymatic or genetic engineering 


Processing of protein 


from D. F. Steiner 


Work with a wide variety of secretory 
proteins has by now amply substan- 
tiated the ‘signal hypothesis’. Proteins 
that are eventually going to be 
secreted are synthesised on ribosomes 
attached to the endoplasmic reticulum 
(ER) and transferred into the lumen 
of the ER from where they are finally 
released from the cell. The signal 
hypothesis states that these proteins 
initially contain an N-terminal ‘signal’ 
region which during translation guides 
the attachment of the ribosomes .to 
the ER. The signal sequence is cleaved 
off shortly after the protein is segre- 
gated into the cisternae of the ER 
prior to secretion.* 

One difficult exception to the signal 
hypothesis has been ovalbumin, which 
is secreted into the ER and glyco- 
sylated without the apparent partici- 
pation of a cleaved signal sequence. 
However, the laboratories of both R. 
Palmiter (University of Washington, 
Seattle) and G. Blobel (J. Cell. Biol. 
79, 567; 1978) have found that oval- 
bumin competes with other presecre- 
tory proteins for transfer into micro- 
somes in reconstituted translational 
systems, implying the presence of a 
functional leader sequence. This 
apparent paradox has now been 
resolved by a dramatic announcement 
by V. Lingappa et al. from Blobel’s 
group (Rockefeller University) that a 
prepeptide-like ‘signal equivalent’ 
sequence can be released from oval- 
bumin by tryptic digestion and that 
this sequence is located more than 
200 residues into the molecule. This 
region contains all the competing 
activity, and from its position and 
composition can be inferred to contain 
a modified version of the typical N- 
terminal presequences of several other 
oviduct presecretory proteins (studied 
by Palmiter’s group). It is not yet 
known whether this region functions 
as a signal peptide in the transfer of 
ovalbumin across the ER membrane, 





*A conference on Precursor Processing in the 
Biosynthesis of Proteins was held in New York 
City on 2-4 May, sponsored by the New York 
Academy of Sciences, It was organised by D. F. 
Steiner and M. Zimmerman. i 
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techniques, could amplify the synthesis — 


of certain bacterial gene products in 


higher cells (assuming the RNA can be 
introduced successfully into the cells). .. 


Conversely, there may not be a need 


for 5’ caps on eukaryotic mRNAS 


precursors | 


and if it does, how the very long N- 
terminal region of the nascent chain 
could be transferred. 

However, the finding of an apparent 
signal sequence at an internal site 
rather than at the N-terminal end 
itself, lends support to the ‘loop’ 
models of protein transfer into the 
ER, as against the membrane pore 


model, originally put forward by 
Blobel and Dobberstein;. in which it 
was postulated that proteins are 
threaded through membranes, N- 


termini first. The loop models proposed 
by Inouye (A. Rev. Biochem. 47, 481; 
1978) and by Steiner et al. (Proc. int. 
Symp. Proinsulin, Insulin and C- 
peptide, 1978, Elsevier, in the press) 
suggest that the lipophilic signal 
sequence interacts with the membrane 
and assumes an inverted trans- 
membrane orientation. Steiner and 
colleagues at the meeting suggested 
that the 9-10-residue region of the 
signal sequences interacts with com- 
ponents spanning the membrane and 
that successive formation of hydrogen 
bonds within the apolar membrane 
core between the pre-existing and the 
entering prepeptide strands produces a 
peptide loop across the membrane. 
Such a receptor mechanism could 
depend more on secondary than on 
primary structure and could explain 
the apparent lack of specificity in the 
binding of the various presequences. 
The loop mechanism is supported by 
preliminary evidence from P. Quinn 
et al. (University of Chicago) that the 
N-terminal region of the lead pep- 
tides of rat growth hormone and 
human placental lactogen (HPL) 
remain outside vesicles in in vitro 
transfer experiments and are released 
into the medium as small residual 
peptides. n? 

As G. Scheele (Rockefeller Univer- 
sity) pointed out in discussion, the loop 
model may provide a mechanism for 
incorporating multiply inserted pro- 
teins into membranes. It also seems 
possible that it might provide a means 
for inserting transmembrane proteins 
with ‘inverted’ N —> C polarity across 
the membrane. : 
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terial cells. Other structural features 


-of the molecules, including their poten- 
tial ability to base pair with 16S rRNA 


and to be recognised by bacterial 
factors, may. be more important. C 


Converting enzymes 

Protein processing is not confined to 
the cleavage of signal sequences, how- 
ever. Most polypeptide hormones, for 
example, are synthesised as much 
longer ‘prohormones’ which are sub- 
sequently processed to produce the 
biologically active product. The nature 
of the trypsin-like and carboxypep- 
tidase B-like enzymes responsible for 
the cleavage of the paired basic 
residues (which mark the cleavage 
sites) in many of the prohormones 
remains unclear. The cleavage of nerve 
growth factor and epidermal growth 
factor (discussed by E. Shooter, Stan- 
ford University) is carried out by 
specific trypsin-like peptidases which 
form one of the subunits of the high 
molecular weight complexes in which 
these growth factors occur. The 
complexes thus seem to resemble 
proteinase /inhibitor complexes. 

The signal peptidase activity in deter- 
gent-treated microsomes has been 
partially characterised. There is now 
general agreement that it is a neutral 
endopeptidase latent within untreated 
microsomes and is probably associated 
with the luminal face of the micro- 
somal membrane. Its inhibition by high 
concentrations of 1,10-phenanthroline 
and several thermolysin inhibitors 
(M. Zimmerman et al. Merck, Sharpe 
and Dohme, Rahway, New Jersey) 
suggest that it may be a metallopro- 
tease. 

An interesting viral cleavage system 
is that of Sindbis virus. In this case a 
multicistronic mRNA encodes the 
capsid protein followed, without punc- 
tuation, by the two virus glycoproteins 
which become membrane-associated. 
Schlesinger ef al (Washington 
University, St Louis) have shown 
that the nascent polypeptide itself 
cleaves off the N-terminal capsid por- 
tion autocatalytically before tandem 
translation of the glycoproteins which 
are then vectorially coupled to fatty 
acids within the membrane and cleaved 


aarti tte 





D. F. Steiner is Professor of Biochemistry 
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to their mature peptide forms. The 
tandem arrangement of these proteins 
Suggests again the possibility that a 
functional signal sequence need not be 
at the N-terminus of a nascent poly- 
peptide. 

Genetics 

The advent of recombinant DNA tech- 
niques has greatly facilitated studies of 
the structure of the genes coding for 
protein precursors. Most remarkable at 
the meeting was the wealth of informa- 
tion gained from structural studies at 
the nucleotide level by Howard Good- 
man and coworkers on cloned mRNAs 
for rat and human growth hormones 
and the related peptide human chori- 
onic sommatomammotropin (HCS). 
Studies of the corresponding chromo- 
somal genes of HGH and HCS indi- 
cate the presence of multiple inter- 
vening sequences, while the gene for rat 
insulin I from the hooded rat was found 
to contain only a short intervening 
sequence in the 5’ untranslated portion 
of the gene. Further studies on cloned 
rat preproinsulin genes derived from 
a Wistar-related strain, reported by P. 
Lomedico et al. from W, Gilbert’s 
laboratory (Harvard University) con- 
firmed the presence of a single intron 
(of 119 bp) upstream from the initia- 
tion codon in the gene for rat pre- 
proinsulin I, while the gene coding for 
preproinsulin II contained an addi- 
tional intron of about 500 nucleotides 
between the region encoding amino 
acids 38 and 39 of the proinsulin HH 
peptide chain (thus being in the C- 
peptide region). Their finding of 
nuclear RNA molecules larger than 
preproinsulin mRNA, confirming an 
earlier report by Duguid et al. (Proc. 
natn, Acad. Sct. U.S.A. 715, 3249; 1978) 
indicates that the intervening sequences 
are transcribed into precursor mRNAs. 
Similarly in studies on growth hormone 
biosynthesis in rat pituitary GH cells 
pulse-labeled with uridine F. C. Ban- 
croft et al. (Sloan-Kettering Institute, 
New York) have identified a nuclear 
20S mRNA precursor which is slowly 
processed to the mature 128 mRNA 
of the hormone. 

N-terminal partial sequence studies 
of the pro-opiocortin precursor of the 
cell-free translation product of its 
mRNA by E. Herbert et al. (University 
of Oregon, Eugene), and by N. G. 
Seideh et al. from M. Chretien’s labora- 
tory (McGill University), have con- 
firmed the presence of a signal sequence 
predicted from the recently completed 
nucleotide sequence of the DNA 
(Nakinishi et al. Nature 278, 423; 1979). 
They have also established the presence 
of a cleavage site between Gly-Trp, 26 
residues in from the initiator codon. 
R. Mains and B. Eipper (University of 
Colorado, Denver) presented recent 
studies showing that one of the pro- 
opiocortin precursors (31K) is processed 
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differently in pars intermedia than in 
the anterior pituitary, favouring pro- 
duction of æ melanocyte stimulating 
hormone in the former and of adreno- 
corticotrophic hormone in the latter 
tissue. The basis for this difference in 
processing in the two tissues is un- 
known. 

An exciting new approach to studies 
at the nucleotide level of less abundant 
mRNA species came from the demon- 
stration by K. Agarwal et al. (Univer- 
sity of Chicago) that synthetic 
nucleotide primers can be utilised to 
detect and selectively transcribe into 
cDNA those mRNAs which are present 
below the 1% level in poly A-contain- 
ing RNA fractions from tissues, Appli- 
cation of this approach to studies on 
gastrin mRNA mixtures led to the suc- 
cessful identification of a 620-nucleo- 
tide mRNA coding for gastrin G34 
and indicated the presence of additional 
amino acid sequences on both sides of 
the G34 coding region (Proc. natn. 
Acad. Sci. U.S.A. 76, 1770; 1979). 
These results predict that progastrin is 
110-140 amino acids long and provide 
the necessary means to purify and 
ultimately clone the mRNA for this 
hitherto unexplored precursor molecule. 
This method is obviously of wider 
applicability and will undoubtedly pro- 
vide a new strategy for identifying and 
amplifying important gene and mRNA 
structures, w 


Is unification 
really true? 


from Norman Dombey 


THERE is a general consensus in the world 
of elementary particle physics that electro- 
magnetic interactions and weak inter- 
actions (responsible for nuclear B-decay) 
are just different aspects of the same 
theory (News and Views 278, 209; 1979). 
The predictions of the standard unified 
gauge theory of weak and electromagnetic 
interactions based on the group SU(2) x 
U(1) have been verified in every high 
energy scattering experiment so far per- 
formed, culminating in the remarkable 
demonstration of parity violation at 
Stanford last year when a difference was 
observed in the scattering of left-handed 
electrons and right-handed electrons off a 
deuterium target (News and Views 274, 11; 
1978). Indeed the July/August issue of the 
CERN Courier then remarked that the 
only remaining problem in the field was 
to find a suitable name for the unified 
theory. 

A note of caution was sounded recently 
by Barut (Nature 278, 692; 1979) who 
noted that the crucial test for a unified 
theory was the observation of the spectrum 
of gauge particles or quanta of the theory 


675 


with masses of the scale e/G'~90 GeV 
where e is the electric charge and G is the 
Fermi constant of the weak interactions. 
The combination of the two basic 
coupling constants in this way would be 
the decisive feature of a unified theory. 

I shall attempt here to take this 
comment further and to review critically 
the present evidence for unification. 
I will indicate in fact that the successes of 
the standard theory could be the result of 
the inclusion in that theory of assumptions 
which have nothing to do with the 
unification of weak and electromagnetic 
interactions, 

The experiment situation as far as high 
energy scattering is concerned can be 
summarised thus: all neutrino neutral 
current experiments with nucleon targets 
whether inclusive (that is of the form 
vN -> vX where X is unobserved) or 
exclusive (for example, vN-— wN, 
N -> vNr) together with the Stanford 
polarised electron experiment are con- 
sistent with a neutral weak current of the 
form written down by Glashow (Nucl. 
Phys 22, 579) in 1961 in his pioneering 
attempt to unify weak and electromagnetic 
interactions through the group SU(2) x 
U(1). This current is 


J,” = Vp? + Ap? — 2sin*@7,°" (1) 


where V,’ and A,° are the neutral isospin 
components of the vector and axial 
currents whose charged components 
constitute the current of the normal 
V — A theory of B-decay, and J °™ is the 
electromagnetic current. Experimentally 
sin*@ = 0.24 + 0.02 (Proceedings of 
Neutrino 78, 253, Purdue University 
Press, 1979). 

Glashow, however, was unable to 
predict the strength of neutral current 
scattering by neutrinos compared with 
charged current scattering (that is 
vv) + N — p-(u+) + X) because he did 
not know the relation between the mass 
M z of the neutral gauge particle Z° of his 
theory compared with the mass My of the 
charged gauge particles W*. The strength 
o! charged current scattering is given by 
the Fermi constant G where G/4/2 = 
g7/8My* as a Wt or W7 is exchanged in 
the process (g = esin® is the weak 
coupling constant). For scattering by 
neutral currents the appropriate Fermi 
constant G’ is given in SUQ) x U(1) by 
G'//2 = g*/16M z*cos"6 as now a Z° is 
exchanged. 

This problem was solved by Weinberg 
(Phys. Rev. Lett. 19, 1264) in 1967 by 
using the Higgs mechanism of spon- 
taneous symmetry breaking to generate 
the masses My, Mz thereby finding that 
My = My7cos8. Hence the relation 
between G” and G in the standard theory 
is just 


G = 4G (2) 
The best value for the neutral current 
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strength in neutrino scattering is con- 
veniently written in terms of K = 
M cos0/Mw. Then K? = 0.98 + 0.05 
(Proc. Neutrino 78, 253) in close agreement 
with the Weinberg value K = I. 

Thus the standard theory predicts with 
remarkable accuracy both the form and 
the strength of the weak neutral current 
in high energy scattering experiments. 
The only difficulty at present in the 
experimental verification of the theory 
lies in the conflicting results on atomic 
parity violation in bismuth (Proc. Neutrino 
78, 417; News and Views 264, 505; 1976) 
and thallium (Phys. Rev. Lett. 42, 343; 
1979): the Washington experiment which 
has the smallest reported errors disagrees 
by some seven standard deviations from 
the predictions of the standard theory. 
These experiments, however, are very 
difficult and require for their interpreta- 
tion a model of heavy atoms of uncertain 
validity. 

Hence the general consensus that the 
standard theory has been verified. The 
sceptic must now remark that all the data 
so far observed are consistent with the 
old Fermi four-fermion theory of weak 
interactions, provided that neutral 
currents are included with the form (1) 
and strength (2). No additional structure 
in weak interactions due to the existence 
of gauge particles W+, Z° with their 
prescribed masses of 78 amd 90 GeV 
respectively has been observed, nor is 
there any experimental evidence yet for 
the scalar Higgs particle required by the 
theory. Neither (1) or (2) is especially 
complicated so there may well be a 
simple explanation of these two relations 
which does not require the untested 
features of the standard unified theory: 
in particular the prediced masses for We 
and Z° and the existence of the Higgs 
scalar. 

Hung and Sakurai (Nucl. Phys. B143, 
81; 1978) did indeed find recently an 
extremely simple explanation of (1) and 
(2). They showed that starting with the 
isospin- or SU(2)-conserving V--A theory 
of weak interactions including neutral 
currents due to Bludman (Nuovo Cimento 
9, 433) in 1958, then the W° which 
couples to the neutral weak current and 
the photon y which couples to the 
electric current must mix quantum 
mechanically. This is because both 
electrons and quarks can be left-handed 
(for the V—A weak coupling) and 
charged. If this calculation is done 
carefully, making sure that the photon iS 
massless both before and after mixing, 
then not only is the Glashow current (1) 
obtained with sin?0 as a measure of the 
mixing—-which it is in the standard 
theory anyway—but also the mixing does 
not change the relation G’ = 4G which 
comes simply from isospin invariance in 
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Norman Dombey is in the Physics Division of 
the School of Mathematical and Physical 
Sciences, University of Sussex. 


0028- 08 36/79/0279—-0676$01,00 


the underlying theory. Thus the two 
successful predictions of the standard 
theory are obtained from a mixing 
calculation with no extra assumptions 
about unification, gauge theories or Higgs 
particles. From this point of view all the 
successes of the standard unified gauge 
theory are just due to the correct incor- 
poration of y—W° mixing in the 
formalism. 

Hung and Sakurai consider that their 
calculation is an alternative approach to 
weak and electromagnetic interactions 
that contains the standard theory and may 
but does not necessarily, give different 
results. They emphasise that from the 
mixing point of view, sin’@ should be 





A hundred years ago 


SOCIETIES AND ACADEMIES 
Boston (U.S.A.) 


American Academy of Arts and 
Sciences, May 14.—-Hon. Charles 
Francis Adams in the chair.—Dr. H. P. 
Bowditch presented a new form of 
plethysmograph differing from those of 
Mosso and van Basch in the method 
adopted for securing a constant level 
of the fluid in the receptacle connected 
with the apparatus which contained the 
body whose changing volume was to 
be measured. The method consisted 
in suspending the receptacle (a large 
sized test tube) to a delicate spiral steel 
spring of which the length and strength 
were so adjusted that the weight of 
the fluid flowing into the test tube 
caused an elongation of the spring pre- 
cisely equal to the rise of the fluid in 
the test tube itself. Thus the absolute 
level of the fluid in the receptacle 
remained unaltered, and a constant 
pressure was maintained upon the sur- 
face of the organ to be measured. An 
index attached to the lower end of the 
spring recorded upon a revolving 
cylinder covered with smoked paper 
the flow of the fluid into and out of 
the receptacle.—Mr. N, D. C. Hodges 
gave two new proofs of the dimensions 
of molecules, one based upon the pro- 
perties of water and aqueous vapour, 
the other upon superficial tension and 
considerations of the depth of the 
superficial layer of molecules upon 
sheets of platinum.—-Prof. Pickering 
exhibited a new form of photometer 
for measuring the light of a nebula or 
comet, by comparison with a star 
thrown out of focus. The method em- 
ployed eliminated the effects of moon- 
light or twilight. He also proposed to 
denote the light of these bodies in 
stellar magnitudes. Thus a portion of 
a nebula would be of the twelfth mag- 
nitude, if of the same brightness as a 
twelfth-magnitude star spread over a 
circle one minute in diameter. 
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considered as a function of momentum 
transfer g and not as a fundamental 
constant, and that the electron and muon 
neutrinos would have different inter- 
actions with the electromagnetic field, 
and therefore different values of sin?@ 
should be associated with different 
neutrinos. Their motivation seems to be 
mainly a dislike of the Higgs particle 
which is a necessary ingredient of the 
standard theory but whose mass is 
arbitrary and is not predicted by the 
theory. The number of Higgs particles is 
also arbitrary but in the standard theory, 
the simplest choice of one Higgs is made, 
thereby obtaining relation (2). 

Although Hung and Sakurai do not 


Evolution Old and New 


Mr. A. R. WALLACE writes, in 
NATURE, vol. xx. p. 143, that, according 
to the theory which I support, Aus- 
tralian (and more especially Queens- 
land) sheep should show a tendency to 
grow a scantier and thinner fleece than 
their English ancestors. “If Mr. Butler,” 
he continues, “could adduce on good 
authority such a fact as this, he would 
have some evidence in his favour, in- 
stead of which he can only make 
suppositions.” 

I never was in Australia, but had 
some years’ experience of sheep-farming 
in New Zealand. It was generally 
believed, in my time, that fleeces soon 
became short and hairy in Queensland, 
and even in the more northern part of 
New South Wales. You must, however, 
have many readers who could tell us 
what the facts are. May I hope that 
you will kindly insert this, so as to 
get the matter settled by eliciting in- 
formation from a competent authority? 
I am speaking, of course, of sheep that 
are left to the effect of the climate, 
without being frequently crossed with 
rams from colder countries. Do the 
fleeces of such sheep deteriorate in 
Queensland? S. BUTLER 
June 12 

Oxygenated Rain 

On Thursday, June 12, at half-past 
eleven in the morning, a remarkable 
shower of rain fell over London, which 
might almost be described as ‘‘effer- 
vescing;” the drops whilst falling 
appeared to be colourless and perfectly 
transparent, but on striking against any 
solid surface they became milky, and 
on close examination it was evident 
that this cloudy appearance was caused 
by a number of very minute air-bubbles, 
which rapidly increased in size, and 
then burst. From the bleaching power 
which this rain appeared to have, I am 
led to believe that there was nascent 
oxygen in the gas thus evolved. Those 
who traverse the streets of London in 
the early morning may now and then 
observe the red colour of all bright 
iron-work in the pavement, such as 
coal-plates, &c., due to the oxidising 
influence of a thunder-shower in the 
night; this effect does not follow every 
thunder-shower, but seems to indicate 
a peculiar atmospheric condition. Have 
any memoranda on this subject been 
recorded? EDWARD SOLLY 
From Nature 20, 19 June, 169, 188; 1879. 


© Macmillan Journals Ltd 1979 


Nature Vol, 279 21 June 1979 

claim that a theory different to the 
standard theory results from their work, 
it is possible to envisage a radical alterna- 
tive to the standard theory starting from 
y-—-W° mixing. The motivation now is 
that if sin?@ were essentially a radiative 
correction as these ideas suggest then 
sin’?@xa021/137 whereas experimentally 
sin?Q@x 1/4. This means that the radiative 
corrections must be much larger than 
expected; yet they can only be much 
larger if higher order weak interactions 
are important. This implies that g?/4n > 1 
whereas in the unified theory g = 
esin8 so g*/4n<a. Hence now My, 
Mz Zz 1/G' = 300 GeV. 

Of course the alternative approach is 
not a complete theory, it is just a calcula- 
tion of quantum mixing which must be 
part of any theory. So if the radical 
alternative is taken seriously, it is 
necessary at some stage to consider what 
happens at high energies (2300 GeV) 
where the four-fermion theory must break 
down. What does happen cannot yet be 
predicted but significant progress has 
been made recently on treating the four- 
fermion interaction as a serious theory in 
its own right by Cooper, Guralnik and 
their collaborators (Ann. Phys. 109, 165: 
1977; Phys. Rev. Lett. 40, 1620; 1978: 
Phys. Rev. D19, 549, 562; 1979). The 
ideas here are based on the theory of 
superconductivity which of course also 
involves a four-fermion interaction, albeit 
one which is non-relativistic. The calcula- 
tions are not performed perturbatively 
but in a mean field approximation as in 
many-body theory. Both vector (gauge) 
and scalar (Higgs) particles now appear as 
dynamical excitations of the theory, not 
as elementary entities, thereby removing 
the arbitrariness of the Higgs particle mass 
which many see as the most serious failing 
of the standard theory. 

The theory of superconductivity may 
well provide a good analogy for weak 
interaction theory. Englert (International 
Centre for Theoretical Physics, Trieste, 
Report IC/76/92; 1976) has pointed out 
that the Higgs phenomenon has aready 
been discovered experimentally, not in 
particle physics but in the Meissner effect. 
The range of penetration of the magnetic 
field is given by the photon mass induced 
by spontaneous symmetry breaking of the 
Ginsburg-Landau Lagrangian through 
the Higgs mechanism. Here the Higgs 
scalar can easily be understood: it is just 
the bound state Cooper Pairing of the 
electrons of the BCS theory. The Gins- 
burg-Landau approach to superconduc- 
tivity in terms of vector and scalar order 
Parameters is the phenomenological 
theory, whereas the basic physics lies in 
the BCS four-fermion theory. In the same 
spirit, the standard unified theory could 
be regarded as a phenomenological theory 
of weak interactions valid in the region 
€ & Mwy, or perhaps, m? < 
1? & Mw? (m, is the electron mass), 
while the four-fermion theory is funda- 
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mental. In a Los Alamos Report (LA- 
UR-79-306; 1979) I have noted that the 
latter possibility would allow sin?@+0 
in atomic physics where g?<m,? 
thereby giving a value for atomic parity 
violation in bismuth or thallium about 
three times smaller than in the standard 
theory, a result which agrees with all the 
experiments performed to within 2.5 
standard deviations. 

If the radical alternative is correct, then 
two final remarks are appropriate. The 
first is theoretical. Weak interactions now 
become strong at energies of 300 GeV, 
they do not level off at a typical electro- 
magnetic strength at 90 GeV or so. This 
provides a physical reason for a grand 
unification of leptons and hadrons at 
high energies which is missing from the 
usual viewpoint. The second remark is 
experimental. No Z° will be seen at LEP 
for 70 GeV electrons on 70 GeV positrons. 
To ensure seeing some effects of weak 
interaction structure a centre of mass 
energy of at least 300 GeV is needed. 7 


Oscillations 
in cellular 
reactions 


by Eleanor Lawrence 


A RECENT meeting* in the Black Forest 
brought together some of those work- 
ing in the field of cellular oscillating 
reactions. The periodic rise and fall in 
concentrations of metabolites or in 
membrane potential is found in a wide 
variety of cells. In some cases, such as 
the membrane potential changes in 
cardiac pacemaker cells, the physio- 
logical significance of the oscillating 
reaction is clear; in others the oscil- 
latory phenomena may be a conse- 
quence of the underlying physico- 
chemical properties of the components 
of a particular reaction but may have 
no further physiological role. However, 
the general point was made at the 
meeting that an oscillating reaction 
provides a stable and energy-efficient 
signal whose modulation by metabo- 
lites, hormones or synaptic input could 
convey information rapidly and 
precisely to the cell itself or to its 
neighbours, 

Some order, however arbitrary it 





*A meeting on ‘Cellular Oscillators’, organised 
by M. J. Berridge and P. E. Rapp, and spon- 
sored by the Company of Biologists and Dr Karl 
Thomae GmbH, was held at Titisee on 22-24 
March 1979. The proceedings will be published as 
Volume 81 of the Journal of Experimental Bio- 
logy due out in August 1979, 
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may eventually appear, can be imposed 
on this collection of diverse and seem- 
ingly unrelated phenomena by a divi- 
sion into ‘cyctoplasmic’ oscillators on 
the one hand, of which the glycolytic 
oscillator is a prime example, and 
‘membrane’ oscillators on the other. 
Self-contained models for oscillating 
membrane potential based on a cycle of 
inward and outward ionic currents are 
consistent with much of the experi- 
mental evidence. But whether mem- 
brane oscillators are in practice 
completely selfcontained or whether 
they are in some cases driven by 
underlying internal oscillators is still 
an open question, and various pos- 
sibilities were canvassed at the meeting. 
Glycolitic oscillator 


Undoubtedly the cellular oscillator 
best characterised at the molecular 
level is the so-called glycolytic 


oscillator described by B. Hess (Max- 
Planck-Institut fur Ernahrungsphysi- 
ologie, Dortmund). Periodic regular 
oscillations in the concentrations of 
glycolytic intermediates were discovered 
first in yeast cells and later in extracts 
of skeletal muscle and heart. The key 
component producing the oscillations 
in this pathway is the allosteric enzyme 
phosphofructokinase (PFK), which 
catalyses the phosphorylation of 
fructose-6-phosphate into fructose-1,6- 
diphosphate using ATP as an energy 
source. The oscillations reflect the 
periodic changes in the activity of PFK 
(within a certain range of substrate 
input) in response to its activators 
F6P, ADP and AMP, and tto its 
allosteric inhibitor ATP, which pro- 
duces regular pulses of product to 
which the rest of the pathway is 
geared. The stability of the oscillations 
to the stochastic substrate input, 
expected normally, has been shown by 
experiments in which input was varied 
at random, In these conditions the 
reaction still oscillated at its ‘normal’ 
periodicity. Such oscillating reactions 
have the fascinating property of 
generating structure in initially 
homogeneous solutions, as Hess illus- 
trated. When the reaction in a shallow 
unstirred yeast extract is followed by 
ultraviolet photography, which picks up 
the fluctuations in oxidised and reduced 
pyrimidine nucleotides, the solution 
soon takes on a regularly pulsing 
Structure composed of discrete 
domains. 

So far, however, evidence that the 
glycolytic oscillator could provide a 
basis for other oscillatory phenomena 
is sparse. R. Chaplain (University of 
Mainz) is accumulating evidence sug- 
gesting a link between glycolysis and 
the membrane potential oscillations 
represented by the periodic autonomous 
firing of certain neurosecretory neur- 
ones in the abdominal ganglion of the 
sea-hare Aplysia. I. Levitan and his 
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colleagues (Friedrich-Miescher-Institut, 
Basel) with a different neurone in the 
same ganglion, find that oscillatory be- 
haviour can be profoundly changed by 
changes in the internal concentrations 
of cyclic nucleotides. The inhibitory 
effects of synaptic stimulation can be 
mimicked by increases in cyclic AMP 
alone. The enhanced activity induced 
by vasopressin and oxytocin is simu- 
lated by increases in cyclic GMP and 
cyclic AMP together. These hormones 
naturally cause a rise in cyclic nucleo- 
tide levels. Levitan has also identified 
hormonal activity resembling that of 
vasopressin and oxytocin in peptide- 


containing extracts of  molluscan 
ganglia. 

Membrane oscillators 

Detailed dissection of the ionic 


mechanisms of membrane potential 
oscillations reveals a slightly different 
picture in different tissues. However, 
in all cases the oscillatory behaviour 
appears to be due primarily to a slow 
outward K* current which is normally 
responsible for membrane hyperpolaris- 
ation. As this current gradually 
inactivates it initiates membrane de- 
polarisation leading into the upswing 
of the next action potential. 

In cardiac pacemakers (the frog sinus 
venosus and the mammalian sino- 
atrial node) described by H. Brown and 
S. Noble (University of Oxford) and 
the Purkinje fibres described by R. 
Tsien (Yale University School of Medi- 
cine) the dominant pacemaking oscil- 
lation in membrane potential can be 
explained by a self-contained cycle of 
inward and outward currents which are 
activated and inactivated by the 
changes in voltage they produce. Brown 
and Noble together with D. DiFran- 
cesco have been looking at the mech- 
anism of the inhibition of pacemaking 
in the heart by acetylcholine and its 
acceleration by adrenaline. They find 
that acetylcholine in both mammals 
and amphibia greatly increases out- 
ward potassium current, possibly by 
opening up a special ACh-activated 
potassium channel. Adrenaline on the 
other hand, increases the slow inward 
Na*/Ca** current and also affects a 
newly discovered additional pacemak- 
ing current, overriding the adrenaline- 
induced increase in outward current. 

Although the dominant pacemaking 
membrane oscillations can be explained 
by a self-contained membrane model, 
as Tsien pointed out, pacemaker cells 
also probably contain a separate ‘in- 
ternal’ oscillator largely independent of 
the main membrane oscillator, but 
which reveals itself in oscillatory 
changes in membrane conductance and 
cell contractility even when the mem- 
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brane potential is fixed. This internal 
oscillator is enhanced in conditions 
that raise internal free calcium, lead- 
ing Tsien to suggest that the membrane 
conductance oscillations are driven by 
a cycle of uptake and release of Ca 
from some intracellular store, probably 
the sarcoplasmic reticulum. Increased 
intercellular free calcium is known to 
increase membrane permeability to 
K*. 

A cycle of Ca uptake and release, 
this time by the endoplasmic reticulum 
is invoked by P. G. Nelson (National 
Institutes of Health) to explain the 
oscillations in membrane potential seen 
in L cells subjected to mechanical or 
electrical stimuli. On electron micro- 
scopic evidence of specialised structures 
closely apposed to the membrane, 
Nelson proposes a model in which Ca- 
induced changes in membrane perme- 
ability to K* are coupled to a cycle of 
Ca uptake and release from the ER. 
A similar Ca’* cycle might also drive 
the periodic contractions in the veins 
of the acellular slime-mould Physarum 
(described by K. E. Wohlfarth- 
Bottermann, University of Bonn). 

The role of calcium in controlling 
the frequency of bursts in the mollus- 
can burster neurones was emphasised 
by R. W. Meech (ARC Unit of Inver- 
tebrate Chemistry and Physiology, 
Cambridge). He suggests that the pro- 
longed inward current carried by Na’ 
and Ca’*, which is responsible for the 
depolarising phase of the burst, is also 
responsible for a rise in intracellular 
Ca which then triggers the slowly 
developing outward K* current respon- 
sible for the hyperpolarising interburst 
phase. 

Link with glycolysis 

A link with both glycolysis and cell 
Ca concentration is proposed by E. K. 
Matthews (University of Cambridge) 
for the membrane oscillations elicited 
in pancreatic islet cells stimulated to 
release insulin by glucose. The mem- 
brane oscillations themselves are again 
driven by changes in K* conductance 
but in this case Matthews proposes a 
link with glycolysis. Glucose metabo- 
lism leads to a decreased permeability 
to K* and so to depolarisation. The 
principal ion entering the cell during 
the bursts of action potentials super- 
imposed on the crests of the membrane 
oscillation, is thought to be Ca**, which 
could also provide negative feedback, 
increasing K* permeability and initi- 
ating the hyperpolarising interburst 
phase. 

One organ in which the physiological 
role of cellular oscillations is clear 
although their mechanism is less clear, 
is the intestine. The smooth muscle in 
the wall of the stomach and intestine 
displays fairly slow oscillations in mem- 
brane potential—the ‘slow wave’— 
which propagates along the intestine 
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(J. A. Connor, University of Illinois, 
Urbana). Contraction is initiated when 
action potentials are generated on the 
crest of the wave. In the cat at least, 
pacemaker activity seems to reside in 
the longitudinal layer of the muscula- 
ture. Preliminary attempts to identify 
the primary oscillator point, in 
Connor’s opinion, to rhythmic modula- 
tion of current from an electrogenic 
sodium-potassium pump, although other 
metabolic processes may be involved. 
Chemical signals 
Returning to ‘metabolic’ oscillators, 
one of the most spectacular is the 
aggregation of the amoebae of the 
cellular slime-mould Dictyostelium as 
a result of the propagation and ampli- 
fication from cell to cell of a chemo- 
tactic signal carried by cyclic AMP. G. 
Gerisch (Biozentrum, Basel) specu- 
lated on possible metabolic control 
pathways leading to the periodic syn- 
thesis of cyclic AMP pulses. On the 
basis of strong evidence of oscillations 
in cyclic GMP activity, Gerisch has 
proposed a tentative scheme of feed- 
back control loops in which cyclic 
AMP binding to the external receptor 
leads to an immediate rise in cyclic 
GMP which then activates adenylyl 
cyclase leading to increased cyclic AMP 
production. This in turn damps down 
the receptor-mediated increase in 
cyclic GMP. Gerisch sees the oscilla- 
tions in adenylyl cyclase activity (pos- 
sibly mediated by phosphorylation of 
the enzyme) as the primary oscillation 
in the pathway in contrast to other 
models which have taken the allosteric 
change in the receptor on binding 
cyclic AMP as the key component. 
M. Israel (CNRS, Gif-sur-Yvette) 
described oscillations in the intracel- 
lular concentrations of ACh in Torpedo 
electroplax during stimulation. On the 
apparent fairly long-period rise and fall 
in intracellular ACh are imposed very 
short-period changes in ACh concen- 
tration which oscillate in phase with 
ATP concentration. As the amplitude 
of electrical discharge (reflecting trans- 
mitter release) does not oscillate, they 
conclude that transmitter output is not 
directly related to ACh concentration. 
No unification 
Summing up, M. Berridge (ARC 
Unit of Invertebrate Chemistry and 
Physiology, Cambridge) pointed the 
moral of the meeting—that there is no 
universal oscillator underlying the dif- 
ferent phenomena described. Although 
the influence of calcium pervades many 
discussions of oscillatory mechanisms 
and Rapp and Berridge (J. theor. Biol. 
66, 497; 1977) have proposed the attrac- 
tive notion that control loops involving 
calcium and cyclic nucleotides may be 
involved in many oscillating reactions, 
the existence of such controls remains 
to be demonstrated experimentally, and 
they are unlikely to be universal. ©) 


Nature Vol. 279 21 June 1979 679 








review article 


Coated pits, coated vesicles, and receptor- 
mediated endocytosis 
Joseph L. Goldstein*, Richard G. W. Anderson & Michael S. Brown 


Departments of Molecular Genetics and Cell Biology, University of Texas Health Science Center at Dallas, $323 Harry Hines Boulevard, Dallas, 
Texas 75235 


LLL LLL LLL AE ALAA AAA ALL ALAA ALCL ION OO AALS ATLA ANTE ACCA IE Et tr TAAA trot SMA NRRL NAA Me re err NH Hent ninina A AAA taupe ge 


Proteins and peptides can enter cells by receptor-mediated endocytosis, a coupled process by which 
selected extracellular proteins or peptides are first bound to specific cell surface receptors and then 
rapidly internalised by the cell. Internalisation follows clustering of the receptors in specialised regions 
of the cell surface called coated pits that invaginate to form intracellular coated vesicles. It is now 
recognised that receptor-mediated endocytosis has a fundamental role in the growth, nutrition and 


differentiation of animal cells. 


CERTAIN proteins that bind to receptors on the surfaces of 
animal cells are rapidly internalised by the cells before they can 
dissociate from their receptors. This process, which is called 
receptor-mediated endocytosis, has recently become recognised 
as an important and general mechanism by which animal cells 
take up nutritional and regulatory proteins from extracellular 
fluid. Biologically important molecules known to be taken up by 
this mechanism include plasma transport proteins (such as low 
density lipoprotein and transcobalamin II), certain polypeptide 
hormones (such as insulin and epidermal growth factor), asialo- 
glycoproteins, and lysosomal enzymes. In many cases, rapid 
internalisation of receptor-bound proteins is achieved by the 
clustering of receptors in specialised regions of the surface 
membrane called coated pits that invaginate rapidly into the cell 
during endocytosis to form coated vesicles'”. Coated pits and 
coated vesicles have recently acquired the status of subcellular 
organelles because they can be separated from other cellular 
components and because they possess a characteristic structure 
and protein composition’. 

We review here some of the experiments that have delineated 
the process of receptor-mediated endocytosis. We rely heavily 
on data gathered from extensive study of the low density lipo- 
protein (LDL) receptor system, which functions to transport 
cholesterol from plasma into cells*’*. We then review 12 other 
protein transport systems for which receptor-endocytosis has 
been documented. From such data, we deduce certain general 
features of the process that may apply in most types of animal 
cells. 


Receptor-mediated endocytosis as a 
mechanism for cellular protein uptake 


Endocytosis is a general term that refers to the process by which 
cells ingest extracellular materials by trapping them within 
inward foldings of the plasma membrane that pinch off from the 
surface to form intracellular vesicles’. Endocytosis occurs 
widely in protozoa where it has an obvious nutritional role. In 
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multicellular organisms endocytosis was first identified in 
macrophages and other phagocytic cells that ingest foreign 
particulate materials and deliver them to lysosomes for 
degradation. With the advent of the electron microscope, it was 
recognised that endocytosis is not limited to phagocytic cells but 
occurs in all animal cells”. The rate of endocytosis in non- 
phagocytic cells can be appreciable. For example, mouse L cell 
fibroblasts internalise an amount of cell surface membrane equal 
to 50% of the cell surface every hour’. One reason for such rapid 
endocytosis now seems clear: it provides a mechanism by which 
cells take up necessary macromolecules from extracellular fluid 
in controlled conditions. 

Within the past few years, at least 13 systems have been 
described in which non-phagocytic cells use endocytosis to 
internalise proteins that have become bound to surface recep- 
tors. These systems share four properties that collectively define 
receptor-mediated endocytosis: (1) The binding component on 
the cell surface is a receptor in the strict sense, that is, it is a 
molecule whose function is to bind an endogenous ligand and 
thereby achieve a physiological effect. This criterion dis- 
tinguishes these receptors from other cell surface components 
that serve as binding sites for opportunistic foreign molecules, 
such as lectins and toxins, and viruses. (2) Internalisation of the 
ligand is effectively coupled to binding. Once the protein is 
bound to the receptor, the half-time for internalisation is less 
than 10 min®**. (3) In all cases for which ultrastructural data are 
available, the receptor-bound proteins enter the cell through 
coated pits, either because the receptors spontaneously localise 
in these regions or because binding of the ligand induces migra- 
tion of the receptors to coated pits*'®**. (4) The internalised 
proteins are usually delivered to lysosomes where they are 
degraded completely to amino acids**'*"'*?56; occasionally 
processing of the internalised protein involves delivery to cellu- 
lar structures other than lysosomes (see below). 

The LDL receptor system illustrates each of the four charac- 
teristics of receptor-mediated endocytosis. The similarities and 
differences between the LDL receptor pathway and other 
systems of receptor-mediated endocytosis are presented in 
Table 1 and discussed below. 
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Table 1 Systems for receptor-mediated endocytosis of proteins 





Internalisation Fate of internalised protein 
via coated pits 
and coated Degraded Selected 
Protein Cell type vesicles in lysosomes Other refs 
O 
Transport proteins 
LDL Fibroblasts, smooth muscle Yes Yes; cholesterol —— 2, 6, 10, 52, $7 
cells, endothelial cells, retained by cells 
adrenocortical cells, 
lymphocytes 
Yolk proteins Oocytes (chicken, Yes No Delivered to yolk 21; 32 
(phosvitin, mosquito) granules 
lipovitellin) 
Transcobalamin II Kidney cells, hepatocytes, Data not Yes; vitamin B42 — 14, 68, 69 
fibroblasts available retained by cells 
Transferrin Erythroblasts, reticulocytes Yes Data not available Iron retained by cells 22, 60, 61 
Protein hormones 
Epidermal growth Fibroblasts, 3T3 cells Yes Yes — 13, 23, 50 


factor 


Nerve growth factor Sympathetic ganglion cells Data not 
available 
Insulin Hepatocytes, hepatoma Data not 
cells, lymphocytes, available 
adipocytes, 3T3 cells 
Chorionic gonado- Leydig tumour cells, Data not 
tropin ovarian luteal cells available 
B-Melanotropin Melanoma cells Data not 
available 
Other proteins 
Asialoglycoproteins Hepatocytes Data not 
available 
Lysosomal enzymes Fibroblasts Data not 
available 
a-2-Macroglobulin Fibroblasts, macrophages, Yes 
3T3 cells 
Maternal Fetal yolk sac, neonatal Yes 
immunoglobulins intestinal epithelial cells 
(igG) 


Data not available 


Carried in vesicles retro- 62 
grade up the axon 


Yes Also delivered to Golgi 12, 25, 50, 63, 64 
apparatus and nuclei 
Yes en 15, 70 
Data not available Delivered to Golgi 71,72 
apparatus and 
melanosomes 
Yes _ 16,17 
No Delivered to lysosomes 65-67 
and Golgi-associated 
structures; enzymes 
remain active for many 
days 
Yes m= 18,24, 58 
No Transferred intact in 21, 47-49 


coated vesicles to basal 
surface of cells where 
IgG is discharged into 
fetal or neonatal circu- 
lation 


SOSO a a a 


LDL receptor pathway as prototype 
for receptor-mediated endocytosis 


Animal cells acquire cholesterol for synthesis of cell membranes 
by the receptor-mediated endocytosis of the cholesterol-carry- 
ing lipoprotein LDL, a large spherical particle (220 Å in 
diameter M, ~ 3 x 10°) that originates in the liver and circulates 
in the blood. Each LDL particle contains a nonpolar core 
composed of approximately 1,500 cholesterol molecules that 
are esterified to long-chain fatty acids. This cholesteryl ester 
core is surrounded by a polar coat of phospholipid, unesterified 
cholesterol, and protein’. 

The receptor-mediated endocytosis of LDL was originally 
demonstrated in studies of human fibroblasts in tissue culture 
and has subsequently been found to operate in a wide variety of 
animal cells*°®. When cells require cholesterol for membrane 
synthesis, they synthesise a cell surface receptor that binds the 
protein component of LDL. Within 10 min of binding to the 
receptor, the LDL particle is internalised and delivered to 
lysosomes; in the lysosome the protein component is hydrolysed 
by proteases to amino acids and the cholesteryl esters are 
cleaved by an acid lipase to generate unesterified cholesterol. 
This unesterified cholesterol enters the cytoplasmic compart- 
ment where it serves two important functions: utilisation for 
membrane synthesis and regulation of key enzymes in choles- 
terol metabolism*ć. This latter action assures cholesterol 


homeostasis in the cell as well as in the whole organism. Cyto- 
plasmic cholesterol derived from the lysosomal hydrolysis of 
LDL also controls the synthesis of receptor molecules. 
Increased cellular cholesterol decreases the number of recep- 
tors, thereby preventing overaccumulation of LDL-cholesterol 
in the cell®. 

The distribution of LDL receptors on the surface of fibro- 
blasts has been studied by electron microscopy with the use of 
LDL coupled to the iron-containing, electron-dense protein 
ferritin?*° or by '*°I-LDL autoradiography”. Between 50% 
and 80% of all receptors are clustered over the 2% of the cell 
surface represented by coated pits (Fig. 1a). The membrane in 
these regions is indented and coated on its cytoplasmic surface 
by a bristle-coat. As LDL receptors are localised in coated pits 
even when the cells are fixed with formaldehyde prior to 
incubation with the LDL-ferritin, it is believed that receptor 
clustering occurs before the exposure to LDL”. 
Immunofluorescence studies with the light microscope show 
that the clusters of LDL receptors in human fibroblasts are 
aligned in linear arrays that appear to overlay actin-containing 
cellular stress fibres”®. 

LDL-ferritin bound to coated pits at 4°C is rapidly inter- 
nalised when the fibroblasts are warmed to 37°C’. In this 
process the coated pits invaginate to form coated endocytic 
vesicles (Fig. 1a-c). After 5 to 10 min at 37 °C, LDL-ferritin is 
seen in lysosomes (Fig. 1d) as the result of their fusion with the 
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Fig. 1 Electron micrographs showing the sequential binding of 
LDL-ferritin to coated pits, its internalisation in coated vesicles, 
and its delivery to lysosomes in human fibroblasts. Monolayers of 
growing human fibroblasts were incubated with growth medium 
containing 10% lipoprotein-deficient serum and LDL-ferritin at a 


concentration corresponding to 47 ug ml‘ of LDL-protein at 4 °C 
for 2 hours, after which the cells were washed extensively’. The 
cells then received growth medium containing 10% lipoprotein- 
deficient serum and were warmed to 37°C. After incubation at 
37°C for the indicated time, the monolayers were fixed and 
embedded in situ and stained with uranyl acetate and lead citrate’. 

a, A coated pit that bound LDL -ferritin (time at 37 °C: 1 min). b, A 
coated pit being transformed into a coated vesicle with LDL- 
ferritin included (time at 37°C: 1 min). c, A fully formed coated 
vesicle that seems to be losing its cytoplasmic coat on the right side 
(time at 37 °C: 2 min). d, A lysosome containing LDL -ferritin (time 
at 37°C; 6min). Magnifications: a, x58,000; b, x50,500; c, 

*50,000; d, x40,000. Scale bars, 100 nm. 


incoming coated vesicles*. The rapid sequence of events visu- 
alised in the electron micrographs of Fig. 1 precisely parallels 
biochemically-derived data on the rapid uptake and degradation 
of 1257. LDL” n 


Mutations affecting the LDL receptor 


A group of naturally-occurring human mutations has been 
invaluable in detailing the structure and function of the LDL 
receptor. Those mutations responsible for the genetic disease 
called familial hypercholesterolaemia (FH) are most 
instructive***’. Three distinct mutations seem to occur in the 
gene for the LDL receptor“?”™, The most frequent mutant 
allele at the LDL receptor locus is designated R” ; it specifies a 
nonfunctional receptor. Fibroblasts from patients ‘homozygous 
for this allele (R*®/R*°) are unable to bind or take up the 
lipoprotein, even though they have normal coated A a that form 
normal coated vesicles '*™™, A second mutation, R”, specifies a 
receptor that is detectable but binds <10% of the normal 
amount of LDL. Recently, a rare but extremely informative 
allele has been identified. This allele, designated R”**", specifies 
a receptor that binds LDL but does not allow the lipoprotein to 
be internalised''*°. The failure of internalisation is due to the 
inability of these abnormal receptors to be incorporated into 
coated pits. Although coated pits of normal appearance are 
present, the receptors specified by the R®*" allele are not inside 
them. Instead the receptors are scattered over noncoated seg- 
ments of the cell surface” 

The hypothesis that the R*+ mutation involves the gene for 
the LDL receptor implies that the normal receptor must have, in 
addition to its LDL binding site, a second active site, the 
internalisation site, which is necessary for the receptor to be 
recognised as a component of the coated pit. The internalisation 
site is presumed to be on the cytoplasmic side of the membrane 
where it can interact with the proteins that constitute the 
cytoplasmic coat of the coated pit. This formulation implies that 


681 


the coat-associated proteins play an active role in the selection 
of receptors to be incorporated into coated pits and are there- 
fore central to the process of receptor-mediated 
endocytosis*”*'. 


The structural role of clathrin 


Coated pits and coated vesicles were first described in mosquito 
oocytes by Roth and Porter, who postulated that these struc- 
tures mediate the uptake of adsorbed proteins from the 
extracellular fluid during yolk formation”. Other investigators, 
including Fawcett*’ and Friend and Farquhar™, found that 
coated pits and coated vesicles mediate protein uptake in spec- 
ialised cells of higher animals. Coated pits and vesicles have 
subsequently been found in virtually all nucleated animal cells. 

Coated pits derive their name from their characteristic 
indented configuration and their fuzzy cytoplasmic coat. Thin 
section electron microscopy shows that this coat consists of 
periodically spaced fibres or bristles that radiate from the cyto- 
plasmic surface (Fig. la-c). Coated pits have been identified in 
freeze-fracture electron micrographs where they exhibit a larger 
number of intramembrane particles than the surrounding 
plasma membrane”. The intramembrane particles in coated pits 
are approximately 20% larger in diameter than intramembrane 
particles in non-coated regions of membrane’’. These findings 
suggest that coated pits contain a unique set of transmembrane 
proteins. 

In addition to their role in endocytosis, coated vesicles have 
been implicated in other types of membrane transport within the 
cell. They are frequently found associated with thé Golgi region 
where they appear to carry enzymes from the Golgi apparatus to 
the lysosome**** They also play a part in the secretion of 
proteins by mammary epithelia? and in the retrieval of excess 
cell surface membrane in presynaptic neurones” 

Kanaseki and Kadota first analysed the structure of coated 
vesicles by electron microscopy using negative staining tech- 
niques’. They showed that these structures consist of a lipid 
vesicle surrounded by a basket of protein that is organised in a 
network of hexagons and pentagons. Pearse developed a rapid 
method for isolating coated vesicles and made the fundamental 
observation that the coat of coated vesicles isolated from a 
variety of animal cells is composed predominantly of a single 
protein of molecular weight 180,000. She named this protein 
clathrin***’. Figure 2 shows a stereoscopic view of the proposed 
structure of the protein network that forms the coat of a coated 
vesicle. 


Fig. 2 Proposed structure for the network of protein that forms 
the coat of a coated vesicle. This structure was deduced by Pearse 
and co-workers from electron microscopic examination of tilted 
views of negatively stained coated vesicles isolated from porcine 
brain™*. The protein coat, which is organised in a network of 12 
pentagons and 8 hexagons, is assembled from 108 clathrin mole- 
cules that surround a lipid vesicle. Coated vesicles having other 
sizes and shapes are believed to be constructed similarly with each 
vesicle containing 12 pentagons plus a variable number of 
hexagons. Redrawn from ref. 4 with permission. 


682 


Clathrin can be removed from coated vesicles by treatment 
with urea or protonated amines, indicating that it is non- 
covalently bound to the surface of the membrane*°**. With 
these techniques the protein has now been isolated from brain 
and chicken oocytes by workers in several laboratories >*=, 
and it has been shown to have important structural properties 
that are related to its function. For example, in specified in vitro 
conditions, clathrin will spontaneously aggregate to form a 
basket-like network of hexagons and pentagons similar to those 
that surround coated vesicles in vivo*'*?. 

An antibody to the coat protein of bovine brain coated 
vesicles (directed primarily against clathrin) reacts in situ with 
coated pits and vesicles in human fibroblasts”. The antigen- 
antibody complex can be visualised by indirect immunofluores- 
cence using light microscopy”? or by the immunoperoxidase 
technique in the electron microscope (Figs 3 and 4)**. In the 
electron microscope, the immunoperoxidase-stained clathrin 
can be shown to underlie coated pits (Fig. 3a), including those 
that have bound LDL-ferritin (Fig. 4a), as well as coated 
vesicles (Fig. 3b and c), again including those that have inter- 
nalised LDL-ferritin (Fig. 4b). Under the light microscope, the 
coated pits of human fibroblasts show a linear alignment similar 
to the linear alignment of LDL receptors**. However, in other 
cells, such as Chinese hamster ovary cells, neither the LDL 
receptors nor the coated pits show a linear distribution, indicat- 
ing that a linear arrangement is not essential for coated pit 
function. 


A working model for clustering of LDL 
receptors in 
coated pits of human fibroblasts 


The genetic, biochemical, and morphological data obtained in 
the human fibroblast system have been assembled to advance a 
working model for the mechanism by which LDL receptors 
cluster in coated pits'’'. As described above, the existence of 
the internalisation mutation implies that the LDL receptor has 
two active sites—a binding site that must be on the external 
surface and an internalisation site that is postulated to be on the 
cytoplasmic surface. By analogy with other transmembrane 
proteins, the LDL receptor is likely to be synthesised on 
membrane-bound ribosomes and glycosylated in the Golgi 
apparatus (Fig. 5). It is then inserted into the plasma membrane 
at random sites. The receptor migrates laterally in the plane of 
the membrane until it reaches a coated pit. Interaction of the 
internalisation site with clathrin (or a clathrin-associated pro- 
tein) fixes the receptor in the coated pit so that it is carried into 
the cell when the coated pit invaginates to form a coated vesicle. 

Whether receptors reach the coated pits by diffusion in the 
plane of the membrane or whether they are actively propelled 
there is not known. Bretscher has suggested that the phos- 
pholipids of cell membranes continually flow towards coated 
pits and coated vesicles**. This flow is envisioned to result from 
the insertion of lipids into the membrane at remote sites with 
resorption in coated pits and vesicles**. If such a flow does exist, 
it could provide the force that carries selected receptor proteins 
to coated pits. 

LDL receptors that enter cells in coated vesicles are not 
destroyed when the vesicles fuse with lysosomes. Rather, kinetic 
experiments suggest that the receptors return to the surface 
where they again cluster in coated pits; that is, they are 
recycled'**'. This recycling phenomenon accounts for the fact 
that fibroblasts ingest saturating levels of LDL at a uniform rate 
for more than 6 hours even when synthesis of new receptors is 
blocked by cycloheximide. If recycling did not occur, all of the 
receptors would be consumed within the first 10 minutes after 
exposure to LDL. 

Morphological and kinetic evidence indicates that insertion of 
receptors into the membrane, clustering in coated pits, inter- 
nalisation, and recycling occurs continuously whether or not 
LDL is present*’**'. In each cycle the LDL receptor spends 
about 9 min on the cell surface. Assuming that LDL can bind to 
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the receptor at any time the receptor is on the surface, studies 
with LDL-ferritin indicate that in the steady state about one- 
third of receptors are diffusely distributed and two-thirds are 
clustered in coated pits*’’. Thus, in each cycle the receptor 
spends about 3 min in a diffuse distribution on the surface and 
about 6 min in coated pits. The length of time between inter- 
nalisation of the receptor and its reappearance on the surface is 
not known, but it must be shorter than the time the receptor 
spends on the surface because no appreciable pool of intracel- 
lular receptors is unmasked when binding assays are performed 
on broken cells**. That membrane recycling can be extremely 
rapid has been shown by studies of the frog neuromuscular 
junction where the pre-synaptic coated vesicles recycle within 
seconds”. 

Other explanations for the morphological and kinetic data in 
fibroblasts are possible. For example, rather than being recycled 
it is conceivable that the LDL receptor never actually leaves the 
surface. That is, as the coated pit pinches off, the LDL is 
transferred from the receptor to some other carrier with the 
receptor escaping inclusion in the coated vesicle and thus 
remaining on the cell surface. While such a mechanism would be 
consistent with all current data, there is no direct evidence to 
support it. 

The model for insertion of the LDL receptor into coated pits 
by lateral movement within the plane of the plasma membrane 
resembles an earlier model advanced for the assembly and 
secretion of lipid-envelope viruses in animal cells (reviewed in 
ref. 46). When the vesicular stomatitis virus replicates in 
cultured animal cells, it produces a messenger RNA for a 
transmembrane glycoprotein, the G protein, that is synthesised 
on host membrane-bound ribosomes and inserted at random 





Fig. 3 Electron micrographs showing the localisation of clathrin 
in human fibroblasts as determined with the indirect immuno- 
peroxidase technique. Monolayers of fibroblasts were fixed with 
3% formaldehyde. The membrane was then made permeable with 
0.05% Triton X-100, and the cells were incubated first with rabbit 
anti-coat protein y-globulin (directed primarily against clathrin) 
and then with goat anti-rabbit IgG that was coupled to horseradish 
peroxidase. The cells were then stained for peroxidase as pre- 
viously described”. a, Peroxidase-positive indented regions of cell 
surface membrane (arrows). These regions have the typical shape 
of coated pits. The normal trilaminar appearance of the membrane 
has been destroyed by the Triton X-100 preparation procedure. b, 
and c, show peroxidase-positive endocytic vesicles (arrows) that 
have the morphology of coated vesicles. All micrographs are of 
unstained material. Magnifications: a,x21,500; b, x20,000; c, 
x21,500. 
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sites into the plasma membrane. The G proteins then gather 
together to form a patch of plasma membrane that ultimately 
becomes the envelope of the virus. This clustering of G proteins 
is mediated by their association with a cytoplasmic protein, the 
M protein, that is also coded by the viral genome but is 
synthesised on free ribosomes. The patch of membrane contain- 
ing G and M proteins serves as the site of attachment of the viral 
nucleocapsid during viral budding. In the two models, the G 
protein is analogous to the LDL receptor, the M protein is 
analogous to clathrin, and the developing patch of viral envelope 
membrane is analogous to the coated pit. If the two working 
models prove to be correct, they would suggest a general 
principle: membrane structures such as viral patches and coated 
pits are assembled within the plane of the membrane by the 
interaction of transmembrane proteins with cytoplasmic 
organiser proteins. 


Variations on a common theme 


Table 1 lists the protein ligands for which receptor-mediated 
endocytosis has now been demonstrated. In each of these 
systems, uptake of the protein follows rapidly upon binding. In 
each case the endocytosis is carried out by the same receptor that 
is believed to mediate the physiologic action of the protein, For 
six of the systems, including the receptors for LDL*'*?°’, yolk 
proteins*'*’, transferrin’, epidermal growth factor”, a-2- 
macroglobulin™, and maternal immunoglobulins (IgG)?!*”~®, 
internalisation has been shown by electron microscopy to occur 
in coated pits and coated vesicles. In addition, evidence from the 
light microscope suggests that insulin enters mouse 3T3 cells 
through this route*’. In the other systems listed in Table 1, 
internalisation via coat pits and coated vesicles has not yet been 
visually demonstrated. However, in the case of transcobalamin 
II'**', chorionic gonadotropin"*, and asialoglycoproteins'*?”, 
uptake rapidly follows binding, indicating a close coupling 
between the two events and in turn suggesting that coated pits 
may be involved. 

In those systems for which coated pits have been documented, 
the mechanism for receptor clustering into the pits may vary. As 
described above, LDL receptors seem to be incorporated into 
coated pits by virtue of their internalisation sites in a process that 
is independent of LDL binding. One electron microscopic study 
of epidermal growth factor binding to human fibroblasts 
suggests that a significant proportion of these receptors behave 
similarly to those for LDL; even when epidermal growth factor 
was added in conditions in which lateral diffusion was inhibited 
by chilling the cells to 4°C, 34% of the factor bound within 
coated pits, presumably to receptors that were already located 
there™. On the other hand, light microscopic studies with 
fluorescent-labelled epidermal growth factor in mouse 3T3 cells 
Suggest that most of the receptors are distributed diffusely when 
binding is conducted at 4 °C*°. Receptor clustering in coated pits 
was observed only after the cells were warmed to 37 °C in the 
presence of epidermal growth factor. Similar results were 
reported for fluorescent-labelled a -2-macroglobulin and insulin 
in the same cell type*’. The simplest, but not necessarily the 
correct, explanation of this discrepancy is that some receptors 
may reach coated pits as a result of a receptor-mediated 
mechanism, while others may require a ligand-mediated event. 

In three of the systems in Table 1—LDL'””, transcobalamin 
I4", and  asialoglycoproteins'***—new receptors are 
efficiently regenerated, probably by recycling of internalised 
receptors, after the ligand is carried into the cell. As a result, 
cells internalise these ligands for hours at a steady rate. On the 
other hand, when epidermal growth factor is incubated with 
fibroblasts, the initial wave of receptor-mediated endocytosis 
leads to a rapid 80% depletion in the number of surface 
receptors'*****. This reduction has been attributed to a 
degradation of the internalised epidermal growth factor—recep- 
tor complex, which is not accompanied by a reappearance of 
new receptors. In the continued presence of epidermal growth 
factor, cells establish a new steady state in which they bind, 
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Fig.4 Electron micrographs showing the binding of LDL-ferritin 
to clathrin-containing regions of cell membrane. Monolayers of 
human fibroblasts were chilled to 4°C and incubated with LDL- 
ferritin at a concentration corresponding to 22 pg ml‘ of LDL- 
protein for 30 min. The cells were then warmed to 37 °C for 8 min, 
washed at 4°C to remove excess LDL-ferritin, fixed with 3% 
formaldehyde, and made permeable with 0.05% Triton X-100. 
The cells were then processed for indirect immunoperoxidase 
localisation of anti-clathrin binding sites as described in the legend 
to Fig. 3. a, Ferritin cores associated with an indented, peroxidase- 
positive segment of membrane that has the typical morphology of a 
coated pit, indicating that LDL-ferritin and the antibody directed 
against clathrin bind to the same region of surface membrane. b, 
Ferritin cores contained within endocytic vesicles that are rimmed 
by peroxidase reaction product that delineates the clathrin coat. 
All micrographs are of unstained sections. Magnification, 
* 100,000, 


internalise, and degrade the hormone continuously at about 
20% of the initial rate. Whether receptor recycling occurs 
during this steady state is not known. 

Whereas the coated pit-coated vesicle seems to be a common 
portal of entry for receptor-bound proteins, the ultimate 
destinations of these proteins vary. In seven of the systems in 
Table 1, the internalised protein (radiolabelled with '**I in 
tyrosine residues) is rapidly degraded®'?"'*?5°***. In these 
systems, no significant amounts of radiolabelled products other 
than '**I-monoiodotyrosine are formed by the cells. This 
Suggests the concerted action of multiple proteases and thus 
implicates lysosomes***’. Moreover, in each of these systems, 
degradation of internalised protein is blocked by the lysosomal 
enzyme inhibitor chloroquine®’*'*'’?5*"_ For LDL?*? and 
epidermal growth factor*’, lysosomal delivery has been demon- 
strated directly by electron microscopy. 

Some of the proteins that enter cells through receptor-medi- 
ated endocytosis are not degraded but instead are directed to 
specific subcellular organelles. For example, yolk proteins 
accumulate in yolk granules apparently without 
degradation*'**. Nerve growth factor, which enters the cell at 
the tip of the axon, migrates in vesicles to the cell body where it 
apparently accumulates in an intact form®*. Although most of 
the receptor-bound insulin that enters cells is degraded in 
lysosomes'***, some fraction of receptor-bound hormone may 
be delivered to the Golgi apparatus®’ and to nuclei®™. Lysosomal 
enzymes that are secreted by cells re-enter the cells through 
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receptor-mediated endocytosis and accumulate within 
lysosomes and Golgi-associated structures where they remain 
active for many days®**’. Finally, maternal immunoglobulins 
(IgG), which enter the fetal yolk sac or the neonatal intestinal 
epithelial cell at the apical surface, are transported intact in 
coated vesicles to the basal surface where the IgG molecules are 
discharged into the fetal or neonatal circulation”, 

An important question posed by the above findings relates to 
the mechanism by which endocytic vesicles and their contents 
are directed to specific delivery sites within the cells. Do proteins 
with different destinations enter cells in the same vesicles? If so, 
how are these proteins sorted and delivered to their separate 
destinations? 

It should be pointed out that receptor-mediated endocytosis is 
not the only way in which proteins can enter animal cells. At 
least two other mechanisms exist. First, extracellular proteins 
are trapped nonselectively in fluid droplets that are internalised 
by cells through the invagination of noncoated regions of 
membrane’. To date, no receptor-bound protein has been 
demonstrated to enter cells through such noncoated vesicles. 


Second, some bacterial and plant toxins and certain viruses: 


appear able to enter cells by direct penetration through the 
plasma membrane. Direct penetration of physiological mole- 
cules, such as protein hormones, has not yet been demonstrated. 
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Fig. 5 Working model for the mechanism by which LDL recep- 
tors cluster in coated pits on the plasma membrane of human 
fibroblasts. The postulated steps are as follows: (1) synthesis of 
LDL receptors on polyribosomes; (2) insertion of LDL receptors at 
random sites along noncoated segments of plasma membrane, (3) 
clustering of LDL receptors in clathrin-containing coated pits, (4) 
internalisation of LDL receptors as coated pits invaginate to form 
coated endocytic vesicles, and (5) recycling of internalised LDL 
receptors back to the plasma membrane. It seems likely that the 
clathrin is also recycled and reutilised. Reprinted from ref. 31 with 
permission. 


Why do cells need receptor-mediated 
endocytosis? 

The studies cited in this review demonstrate that coated pits and 
coated vesicles function as transport organelles that carry selec- 
ted receptor-bound proteins into cells in a tightly controlled 
fashion. It is easy to understand the need for such a system when 
cells are dealing with transport proteins such as LDL, yolk 
proteins, transferrin, and transcobalamin II. The reason for such 
a sophisticated mechanism of uptake for protein hormones is not 
yet clear. At the very least, the receptor-mediated uptake and 
degradation systems serve to degrade the protein hormones so 
that they, and in some cases their receptors, can act only once. 
But is this the only reason for receptor-mediated endocytosis of 
protein hormones? Does the endocytic uptake mediate any of 
the actions of the hormones? To date, no regulatory action of a 
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protein hormone (with the possible exception of nerve growth 
factor) has been shown to require endocytosis of the protein. 
Moreover, some events, such as insulin-mediated stimulation of 
glucose transport, occur too rapidly to be accounted for by 
endocytosis. 

To date, only a few studies have addressed the question of 
whether the long-term biological effects of protein hormones 
require endocytic uptake. More systems are needed in which the 
entire sequence of hormone binding and hormone action can be 
studied by combined biochemical and morphological techniques 
in isolated cells. Such studies would be facilitated by the 
availability of cells bearing naturally-occurring or experiment- 
ally-induced mutations in the sequence between hormone bind- 
ing and hormone action. With the process of receptor-mediated 
endocytosis now in focus and with the powerful tools of cell 
biology and somatic cell genetics at hand, it seems likely that 
such systems will be developed and that answers to the questions 
posed in this review will be forthcoming in the near future. 

This research was supported by NIH grant HL-20948. 
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Non-exponential decay in dielectrics and 
dynamics of correlated systems 


L. A. Dissado & R. M. Hill 
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A new model for the relaxation of a potential perturbation in 
dielectric materials is developed based on the correlated 
properties of a two-level system containing two types of 
decay mechanism. The time and frequency behaviour of 
the general relaxation process is shown to be in accord with 
recent experimental analyses. The technique developed to 
analyse the model is of general applicability in the solid, 
and liquid, state. 
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IT has been shown’ previously that for materials exhibiting a 
dielectric loss peak the magnitude of the imaginary part of the 
susceptibility, as a function of frequency, obeys the empirical 
relationship 


m 
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where 0< m, n and s <1. In the post-peak region, w > wp, this 
relationship can be written in the form y,,,*(iw)"°" and 
Jonscher’™” has suggested that the behaviour can best be under- 
stood as 


Xil X iw) = cot (nr/ 2) = constant (2) 


which states that the ratio of the energy lost to the energy stored 
is a constant. In the pre-peak region the imaginary part of the 
susceptibility exhibits a power law dependence, œ", and equa- 
tion (2) is not obeyed. The empirical equation (1) describes a 
complete decay characteristic for the materials exhibiting loss 
peaks. It can be Kramers—Kronig transformed to give xi., and 
agreement with experimental measurements has been observed. 
We use here the presence of a loss peak to define our term 
dipolar dielectric, and we shall only consider this class of 
materials. 

The universal equation (2) requires the susceptibility to follow 
a power law in time (1”") in the equivalent, short time, region. It 
has recently been postulated by Ngai er al. that the origin of this 
form of decay lies in an infrared divergence mechanism and that 
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the basic requirements for the application of this mechanism ina 
wide range of systems have been established computationally. 

Starting from the concept of an assembly in which the local 
units possess two equilibrium positions’® (a two-level system) 
we will show that the consequence of interaction between the 
local units leads to a complete description of the susceptibility of 
dipolar dielectrics. The post-peak behaviour arises naturally 
from this description. The method used is powerful and yields 
detailed and quantitative information on the microscopic struc- 
ture and its dynamics. As the final expressions describe the 
macroscopic behaviour they can be conceived in a variety of 
ways and reveal the flexibility of the approach presented here. 
The results of this analysis have a wide range of applicability 
outside purely dielectric behaviour and similar approaches 
should be generally applicable. 


The +4” behaviour 


Before describing dielectric relaxation in terms of the coopera- 
tive model we must describe briefly the origins and requirements 
of the ©" behaviour, which is a special case of the time 
development of transients’. Consider a system divided into two 
interacting sub-systems. The first of these responds rapidly to a 
stimulus generating a change in the interaction which, in turn, 
causes a much slower response of the second sub-system. The 
state of the total system then corresponds to the excited first 
system together with the unresponded second system, and can 
be considered as a transient or metastable state which slowly 
decays as the second system responds. In this way a Franck- 
Condon progression is developed in molecular spectra'*”’, the 
fast system being a high frequency transition which is coupled to 
the slow response of a discrete spectrum of low frequency 
oscillations. 

The special requirements for a 1" behaviour are'’: (1) a 
continuous spectrum of slow responders extending to zero 
frequency; (2) a constant density of transition states, per unit 
energy, for the slow system, in the same energy range; (3) an 
effective population distribution in the slow states such that they 
can be regarded as either fully occupied or unoccupied only. 
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The time behaviour of the state vector of the transient can be 
obtained from the total hamiltonian H as 





exp (—iHt) = (1/0) (3) 
which in second order perturbation theory'”’*, in 
energy/frequency normalised units, becomes 

exp (~iEr) - exp {—F(t)} (4) 
with E the unspecified excitation energy of the transient, and 
Fit)= ince | YN {1 —exp (—iut)} du (5) 


N is the total number of slow responders and ¢ is their maximum 
excitation energy, the constant density of states is thus N/¢. V is 
the interaction change brought about by the fast excitation and u 
the energy difference for nett excitations within the slow 
response system. Equation (5) is obtained by allowing V to 
cause excitations and de-excitations in the slow system, the 
double sum over initial and final states being replaced by the 
already completed sum over initial states, for a given energy 
difference u, and an integration over u. This is shown in Fig. 1. 

The average energy change per fast excitation will be dis- 
tributed over the N slow responders and is NV. As ¢ is the 
maximum excitation energy, |NV|’/(¢)’ is less than unity and is 
set equal to n. Integrating equation (5)'*'*'°gives 


F(t) =ingt — n{y + In(igt) + Eig} (6) 


where y is Euler’s constant and E, (iz) an exponential integral’’. 
For short times, such that ‘(<1 


F(t)>0 (7) 


and the transient oscillates with its excitation frequency cor- 
responding to the energy E. At long times (té > 1) 


F(t) = exp {~i(E — n£)t} . exp (—ny) . exp (ina/2). (1g) T 


where the excitation energy of the transient has been reduced by 
nč, and the transient decays as t". 

In applying this result to our problem the fast excitations and 
the slow responders are assumed to lie in the same continuum of 
states, the slow responders merely being slower than a particular 
fast transient excitation within the same total system. The 
system returns to its unexcited state by means of excitations of 
the slow responders, which decay monotonically. For this reason 
E is taken equal to né, and it has already been shown that n lies 
between zero and unity corresponding to no excitation or total 
excitation of the system respectively. Note that any observable 
property of the transient follows a behaviour governed by the 
real part of equation (4), and thus oscillates with diminishing 
frequency while decaying as £". 
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Fig. 1 The two-level system: the range of initial states available 

for excitation with energy u is shown by cross hatching. The 

equivalent number of initial states is (Nu/f) where N/¢ is the 
constant energy density. 
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Interacting two-level systems 


A local two-level system can be considered as a group of atoms, 
ions or molecules possessing two equilibrium configurations 
separated by a small energy difference and between which local 
tunnelling is allowed’*. Such a system can be described by a spin 
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formalism in which the energy tensor is 


Be U: ) 
9 
T —Be ( 


where B, is half the energy difference between local potential 
minima and U, is the off-diagonal tunnelling (transition) ele- 
ment. Such systems can couple to elastic deformations and have 
been used to describe a range of glass properties'*. When the 
local system possesses a dipole moment the coupling to an 
electric field takes the form 


(et w 


with the off-diagonal elements u allowing a resonance absorp- 
tion, the diagonal elements a relaxation spectra. A spin-spin 
interaction arises from the coupling of pairs of local spin systems 
through the off-diagonal elements of the tensor in equation (9). 
These interact with phonons and give the usual dipolar spin-spin 
interaction through a virtual two-phonon exchange 
mechanism’. The spin-spin interaction can be regarded as a 
perturbation on an unperturbed local system with energy levels 
+B, together with a local transition interaction. It contains three 
types of term, each of which has a definite and unique influence 
on the overall system. 

(1) The secular interaction: this is a dipole-dipole cooperative 
interaction which contributes to the energy of each unperturbed 
spin. It is the basis of the Ising hamiltonian and when calculated 
in the mean field approximation has a contribution to B of T.M, 
where M is the mean value of the z component of the local 
dipole unit vector, in this case electric, and T, is a characteristic 
parameter of the system. The system can no longer be regarded 
as a set of local systems because of the cooperative interaction. 
Its energy levels are macroscopic and the macroscopic thermal 
average, Me, of M is 


B+kT.M. 
B+ kT.) i 


kT 


which is a consequence of the condition that the dipoles can only 
be in one of two states. B is the average of B, over all the system, 
and the dipole of the system in equilibrium is NM.d. The value 
of M. is defined by equation (11) and is determined from B, T. 
and the temperature T. The energy B can be regarded as the 
splitting of a two-level system by a well-defined internal field. In 
amorphous glassy systems the local value of B+ is not constant 
but takes a continuous range of values with a constant number 
density at each value'*”*. It has been suggested® that this applies 
to a wide variety of materials. 

(2) The flip-flop interaction: this interaction allows a pair of 
dipoles to exchange spins synchronously and without altering M. 
Local spins move through the whole system by this mechanism. 
The time taken to complete a spin exchange is 


te n] Va (12) 


where V, is the flip-flop interaction energy. The time has been 
estimated as 10°°--107'° s (ref. 19). 

On a time scale greater than fe the local spins will sample the 
whole of the local values of B,. In general those local spins whose 
values of B, differ by less than the maximum value of the 
interaction energy, Vamax, can be regarded as in resonance and 
hence involved in a true spin-spin exchange. Those spins with a 
greater difference than Vamax interact in an off resonance 
manner and do not have a true spin-spin exchange. 

In this way, on a time scale greater than fe, the macroscopic 
value of B in equation (11) will alter without altering M.. But the 
nature of equation (11) requires an alteration in B to generate a 
consequent change in Me. Thus the flip-flop interaction has to be 
regarded as causing fluctuations in M. about a well defined 
average. 

(3) The raising and lowering interaction: this interaction 
couples M with raising and lowering operators. These operators 
allow excitation and de-excitation of the unperturbed local 


M, = tanh ( 
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system, and generate absorptions at multiples of the Larmor 
frequency in nuclear magnetic resonance spectra’, When 
paired together the value of M is unchanged and oscillations are 
generated at frequencies equal to the difference between excited 
and unexcited local systems”. Since the frequencies span the 
range from zero up to a particular maximum they can be 
regarded as a system of slow responders. 

All spins will be connected by this interaction, hence a 
fluctuation such as a flip-flop interaction will create a transient 
which decays as t"™ as the frequencies less than Vama,, that is, 
10*-10'° Hz, respond. The magnitude of the parameter being 
given by 


m= ( Va averigar. Va max y7 (1 3) 


The rate equation 


The fundamental concepts required to establish the framework 
of our approach have already been established. The basic model 
is that a deviation from equilibrium in a macroscopic system 
resulting from the application or removal of an external field is 
restored to an equilibrium that is itself fluctuating on a long time 
scale. Because of the connection between M and B in equation 
(11) fluctuations in the ground state energy B must affect the 
rate of restoration of equilibrium. Calculations using this model 
are applicable to many fields but we shall consider here a dipolar 
dielectric. 

The dipolar dielectric is represented by a double minimum in 
the total (macroscopic) free energy as indicated in Fig. 2. Each 
minimum refers to a set of configurations of local dipoles with 
their orientations effectively in one of two alternative directions. 
Each configuration is thus specified by a set of local dipole 
orientations, simultaneously fully occupied, which have an equal 
number of unoccupied levels belonging to a configuration with 
an opposing dipole orientation and separated from them by a 
large potential barrier. The two sets of configurations are there- 
fore only accessible to each other either by thermally activated 
or tunnelling processes. Thermal equilibrium is established 
between groups of macroscopic configurations rather than 
independent local orientations. 

After the removal of an externally applied perturbing 
influence there are two competing relaxation processes as well as 
the fluctuations to consider. These are thermal activation and 
local tunnelling, (Fig. 2c and b). 

The rate equation for the thermal process can be written as” 


dM soii (=EN a at (1E) 
mmempa cee aremernneatemrin wnt Maaiman nnn 
dt e kT kT | 

(14) 
where vg has an activated form with a pre-exponential 
frequency of the order of 10'* Hz, that is 


Ve = Vo OXP (~A/kT) (15) 
Writing 
B+kT.M. 
M =M’+tanh (Fao) -M'+M. (16) 
kT 
a linear form of equation (14), exact in M., can be found, 
dM' B+kT.M | | 
eS ih Or CONT is atts HEA — ~ M? T 
7 ve cosh ( = Jima (1—M2)T./T}] 


= wM" (17) 


where M’ is the deviation from equilibrium of M. 

As w, involves M, it can be considered as an expectation value 
of an operator in the fluctuating system. Thus the rate itself 
fluctuates and must be averaged over these fluctuations in w,. To 
carry out this averaging, the form of the equilibrium fluctuations 
must be determined. 

Resonance flip-flops exchange dipoles between the two 
minima, in each of which a new configuration is generated. The 
initial equilibrium value of B of the macroscopic state is not 
appropriate to the new configurations and the state evolves in 
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Fig. 2 A double minima potential. a, A tunnelling process of 

synchronous excitation and de-excitation. b, A cooperative 

tunnelling relaxation process. c, A thermally activated relaxation 

process. A, the average energy of the maximum above the two 
minima. 


time to accommodate the change. The state of the configuration 
in each minimum immediately following a flip-flop will 
effectively be that due to the excitation of a dipole from a fully 
occupied to a non-occupied level. The population criterion (3) 
for the slow responders is completely fulfilled and the time 
evolution of each configuration, and hence the system, follows a 
time power law, the exponent of which has been defined as m. 

During the transient decay the requirement of a well defined 
average necessitates a balance which arises from the multiply- 
connected pairs between the two configurations of the transient, 
generating a new equilibrium state of the system that satisfies 
equation (11). 

The fluctuations must therefore follow a time development of 
the form 


(hy a” (18) 


as the balancing is delayed in time by z, to allow for the initial 
decay. Equation (18) represents fluctuations about a well 
defined average expectation value because of the constant time 
average 


| (t=). 07" dt. =F +m). CO —m) (19) 
Q 


To allow for these fluctuations a time average has to be taken 
in the rate equation, equation (17), 


(EL) eol | (=t RMU =t) dt, (20) 
dt o 

The evolution of the initial state, 1)", competes with the thermal 
decay process, but the balancing {(t ~ t,)"} initiated by the decay 
at f generates a new macroscopic state satisfying the initial 
conditions and thus initiates a new contribution to the relax- 
ation, giving the composite relaxation rate at time ¢ shown in 
equation (20). The value of M'(t—1t,) is evaluated from 


d{M'(t,~t))} me~ma yif l 
giving 
In[ M'i) / M'o] = -w | (~h) dhA) (22) 
0 


and hence, using equation (20), and normalising to unity, 
M'(t—t)) = Mo exp {-w,(t — t) (23) 


The variable in equation (21) is the time span, (4—4), during 
which the relaxation proceeds uninterrupted as opposed to the 
actual time, £, at which measurements are made. 

The initial deviation from equilibrium, M/o), arises from the 
removal of a perturbation which alters B, for example an 
external electric field which makes a contribution Fd to B where 
d is the local z component of the dipole moment, and is given by 


B+Fd+kT.M'o, 


M io = tanh ( kT 


)-M. (24) 


688 


That is, F rotates the macroscopic dipole towards or away from 
the fixed internal field direction. 

The rate constant w, is the maximum probability that a 
thermally activated’ process leads to a transition of a dipole 
between alternate minima. The activated factor is the prob- 
ability for a thermal process of sufficient energy to surmount the 
barrier, and the pre-exponential factor is the quantum 
. mechanical transition rate at the barrier peak. 

A second independent relaxation process, that of local 
tunnelling, may also occur. Each tunnelling event takes place i in 
a time of ‘approximately vo’ and flips a dipole from one mini- 
mum to the other. A transient configuration is thus created in 
each well in a manner similar to that generated by flip-flops, and 
which decays by a time power law with a different exponent, 


cos (na/2) . (t£)°” (25) 


the range of frequencies, Cin the slow system being from zero up 
to Vo, OF the maximum value in the system, whichever is lower. 
This behaviour describes the tunnelling relaxation of a deviation 


in M, and in this case there is no balancing time. behaviour. The. 


magnitude of n is proportional to the amount of configuration 
chan ige introduced by exciting a single dipole, as a fraction of the 
maximum possible change, and is therefore the degree of 
cooperation of dipole tunnelling, T 


log l<aMidt >] 





log t- 


Fig.3 A log-log plot of the decay current as a function of time. 
The power law limiting behaviour regions can be clearly seen. 


. This cooperative ‘tunnelling relaxation process competes 
independently with the thermally:activated relaxation, equation 
(23), and takes place on the same time scale. Therefore, at a time 
t—t, after the relaxation has been initiated at t, M'. has 
relaxed to > ` es t S 


'M (t- A= Mio cos nl 2).[¢ e=)" exp{- w(t—t)} bes 
The value of the relaation current observed at time ¢ is that 


is 


Wp COS (=) ¢ a ai (t= 4)"ti "Mio Gei me el) dr, 





t- p oe 
Í Gene” dt, 
b i 


nT nV "Mio) e —wpt 


=w -wp cos (= 
f 2 


(27) 


where ,F;,(; 3 is the: sentient hypergeometric function?“ 

Equation (27) describes a complex situation. An initial deviation 
decays through two independent processes. One is an internal 
readjustment, and is'’described by the t~" behaviour. The other 
is.a thermal decay process in which the rate constant fluctuates 
about: -an average value. These fluctuations are the result ‘of a 


given in equation (20) with M’(t—t,) given in equation (26) and 


Fy (1 —m; 2-7; opt) 
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second microscopic interaction. The composite rate observed at 
time ż, therefore, has to be averaged over the fluctuations. A 
linear Ising model calculation of configuration correlation 
functions?” has revealed some of the features of the above 
expression. 


' Frequency-dependent susceptibility 


- To obtain the linear frequency-dependent susceptibility a form 


of (dM’/dt), equation (26), requires to be determined in which 
the‘initial deviation from equilibrium is linear in field strength. 


_ Expanding equation (24) ‘gives 


Mio =Te(.-M2)1-(-M2)T/TFY* Q28) 


The frequency dependence of the susceptibility is given by a 
standard transformation of equation (26). The time develop- 
ment of equation (26) is shown in Fig. 3. At short times the 
confluent hypergeometric function has a limiting value of unity, 
as has the exponential term, and hence 

(Gp) Fe loot (29) 


where Jis the decay current. At infinite time the asymptotic 
form of the hypergeometric term is proportional to 
exp (+wpt) . (wpt)" 7" and the equivalent current is given by 

| (wt) E - | (30) 


In the limited region around f=, 1 the decay is dominated by 
the exponential term. The Laplace transform of equation (26) 
is*°, in normalised form, 





2 ..l—n 
Xo) eee 2) 

(wp t iw) i (wp tiw) 

l 1 m EA (31) 


in. which 2F,(, ;;) is the gaussian hypergeometric function”®. 
Equation (31) has the simple asymptotic behaviour that at 
frequencies greater than wp both the real and imaginary parts of 
the complex susceptibility are proportional to #—°~”, in — 


agreement with equations (1) and (2). At frequencies less than 


oF; (1-1, 1—m;2-n; 


. @, the imaginary part of the susceptibility i is proportional to w™ 


and the real part is given by Y(#<0) —AY@) Where A is.a 
constant, in agreement with equation (1). The curvature 
parameter s of equation (1) is found to be a engevalueca 
function of m and n. 

The particular value of m equal to unity is of interest as it can 
arise either when there is perfect correlation in the flip-flop 
processes, or when measurements are made at sufficiently high 
frequencies that the, slow responders cannot give rise to the 
fluctuation process. Both forms have been observed experi- 
mentally’. 


Discussion 


The basic requirements for the presen model is the presence of 
a set of two-level systems in which the frequency difference 
ranges from zero upwards, and in which the number density is 
effectively constant. `The existence of these states has been 
demonstrated experimentally | in glasses’? and theoretically 
established in other materials°; from this the high frequency 
behaviour follows. It should be pointed out that most dielectric 
susceptibility measurements are made close to a phase tran- 
sition??? where a cooperative system of structural changes with 
at least two local potentials must exist. The local two-level 
system considered here can be regarded as describing the struc- 
tural changes involved in a phase transition. The processes 
described here are the microscopic reality behind Jonscher’s 
‘screened hopping model’*®. The exponents n and m have been 
determined as follows; m is the degree of structural adjustment 
required for the average flip-flop process. It is therefore a 


correlation of these Processes i in the ground state. n Is the degiee 
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of structural adjustment required for the average spin flip (spin 
raised or lowered). It is thus a correlation factor for the dynamic 
restorative tunnelling events. 

It is expected that mechanical strain, nuclear magnetic 
resonance T, measurements*’, magnetic susceptibility and the 
molecular dynamics of plastic crystals will show similar 
behaviour’. In particular ultrasonic absorption measurements 
in which the pseudo-spins respond to variations in B produced 
by acoustic vibrations show a similar response*’. 

Finally we point out that a non-exponential decay behaviour 
is a theoretical necessity in all systems which do not have an 
infinite range of energy in their decomposed state”, for example 
which may recombine. The required behaviour has to be faster 
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than exponential at short times and slower than exponential at 
long times. The transitional behaviour between these regions is 
close to exponential in form, as it is here. Usually the available 
experimental time region is such that only minor deviations from 
an exponential behaviour can be observed. Because dielectric 
susceptibility is observable over wide ranges of frequency and 
amplitude, and is amenable to temperature scaling, it provides a 
unique opportunity to study the details of the non-exponential 
decay and the microscopic mechanisms involved. 
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Thermal aspects of komatiite generation and 


greenstone belt models 
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Thermal modelling suggests that the problems posed by the 
high liquid temperatures (~ 1,650 °C) of peridotitic lavas 
in Archaean greenstone belts, and the implied high degree 
of mantle melting (~70%), are significantly reduced by 
considering uprise of a more refractory mantle diapir hav- 
ing an inherent density contrast with the surrounding 
mantle, and in a tectonic environment analogous to a 
marginal basin. 





LAVAS of komatiitic composition'’, representing very high 
magnesian liquids with up to 33% MgO, are a common and 
distinctive magma type in Archaean greenstone belts, although 
comparable high magnesian liquids become increasingly rare in 
younger post-Archaean volcanic provinces. They occur most 
frequently in the lower parts of greenstone volceano-sedimen- 
tary sequences, where there may be several cycles of ultramafic- 
mafic lavas. Although crystal fractionation has been demon- 
strated in some ultramafic—mafic lavas’, the presence of spinifex 
quench textures’ indicates that in most cases the high-MgO 
character is primary and not due to olivine accumulation. 
Deriving such highly magnesian liquids by mantle fusion poses 
severe thermal problems. 

Experimental studies” have shown that the high liquidus 
temperatures of peridotitic komatiite (~1,650° at 1 atm) would 
require ~70% partial melting of mantle pyrolite. Similar mel- 
ting experiments on mantle nodules® have also demonstrated 
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that high degrees of melting would be required to produce 
periodotitic komatiite liquids. Modelling of the thermal evolu- 
tion of ascending pyrolite diapirs’* indicates that attainment of 
this high degree of partial melting would necessitate initiation of 
mantle diapirs from depths in excess of 300 km. This somewhat 
extreme requirement has led to suggestions® that the mantle 
source regions may have been enriched in radioactive heat- 
producing elements. 

Recent detailed geochemical studies of Archaean greenstone 
volcanic sequences in Canada, Australia, Rhodesia, South 
Africa and Finland®”* have shown, however, that many perido- 
titic komatiite lavas not only have low trace element abun- 
dances, as may be expected with high degrees of mantle melting, 
but also have light rare-earth depleted rare-earth element 
patterns and low incompatible element abundances (Fig. 1). 
These features have been taken as indicating that such perido- 
titic komatiites are derived from a ‘depleted’ mantle source’” 
similar to that for modern mid-ocean ridge basalts, and are most 
unlikely to have been enriched in U, Th, K and Rb. Other 
peridotitic komatiites may have essentially undepleted or even 
slightly enriched geochemical characteristics'', but these are not 
a dominant group. The geochemical studies have also demon- 
strated that associated tholeiitic basalts in greenstone sequences 
have flat chrondritic rare-earth patterns (Fig. 1), higher levels of 
incompatible elements and essentially ‘undepleted’ incompati- 
ble element ratios. They do not seem to be consanguinous with 
the depieted komatiitic lavas but have been derived from a 
different mantle source. Inhomogeneity in the Archaean mantle 
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Fig.1 Selected rare-earth patterns of depleted peridotitic koma- 

tiite (@); basaltic komatiite (x); and tholeiitic lavas (®) from 

Australian, Rhodesian and North American greenstone belts. 

Data sources: Patterns 1, 2, 4, 5, 6, and 7 ref. 11; pattern 3, ref. 9; 
pattern 8, ref. 36. See also ref. 12. 


is indicated'!'!?. The thermal problem of accounting for the high 
degree of melting of the more depleted mantle source is, 
however, exacerbated. 


Thermal aspects 


Cawthorn’s® modelling of the thermal budget of ascending 
mantle diapirs was based on estimated thermal parameters for 
pyrolite (undepleted mantle). We have repeated these cal- 
culations using a depleted, more refractory peridotite (which has 
had a basalt fraction extracted), and the results are shown in 
Table 1. A depleted, more magnesian peridotite not only has a 
higher 1-atm solidus temperature, but also has higher values 
than pyrolite for the latent heat of fusion and for the heat 
capacity. Estimates of these quantities have been made, and 
although the absolute values for the chosen parameters are 
uncertain, they do illustrate the relative difference in melting 
behaviour of a pyrolite and a more refractory mantle diapir. As 
emphasised by Cawthorn’®, the latent heat of fusion exerts a 
large buffering effect on the degree of mantle melting. In fact, on 
the basis of recent thermochemical data‘*, the values used by 
Cawthorn for the latent heat of fusion may be rather low, 
accentuating the thermal problem of deriving komatiitic liquids 
from pyrolite diapirs. Similarly the value assumed for the latent 
heat of fusion of depleted mantle may be an underestimate, but 
was chosen only to be of the correct magnitude for direct 
comparison with Cawthorn’s modelling. 
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For both models the mantle source region is assumed to be at 
the same initial temperature. Note, however, that the more 
magnesian depleted peridotite would be of lower density and 
significantly more buoyant than the pyrolite'*, and may even 
begin to rise at temperatures below that of surrounding and 
overlying undepleted mantle’*. Because the depleted peridotite 
solidus is 200 °C higher than that of pyrolite, a depleted perido- 
tite diapir must undergo more adiabatic uprise in the solid state 
before intersecting the solidus than would a pyrolite diapir 
derived from the same depth. This has been accommodated in 
the modelling. Nevertheless, Table 1 shows that a refractory 
mantle model allows a higher 1-atm liquid temperature with a 
smaller degree of partial melting than does the pyrolite model; 
moreover, the Mg contents of the erupted liquids (calculated on 
the basis of the method of Hanson and Langmuir’) are also 
higher. 

The depleted peridotite model therefore makes it possible to 
obtain the required liquidus temperature (~ 1,650 °C) by initia- 
tion of diapirism from shallower depths and with a smaller 
degree of partial melting than allowed by the pyrolite model. At 
the same time the depleted peridotite model has a built-in 
buoyancy factor able to initiate diapirism. Whether these fea- 
tures can be reconciled with a viable tectonic model for green- 
stone belts remains to be determined. 


Tectonic models 


In seeking an acceptable tectonic model for greenstore belt 
formation it is necessary to account for the field, tectonic and 
chronological relationships of the various rock types, the geo- 
chemical characteristics of the lava sequences and associated 
plutons, and the thermal problems of komatiite generation. A 
wide variety of uniformitarian and non-uniformitarian models 
have been proposed’’**’, although few consider the thermal 
constraints on the generation of komatiites. On the basis of heat 
flow modelling, Bickle?” has suggested that subduction did occur 
in the Archaean, with sub-lithospheric heat flow of two or three 
times the present values and involving rapid production of 
lithospheric plates of comparable thickness to those at present. 
If subduction did take place, then the depleted mantle cap to the 
subducting lithosphere is an obvious source of depleted refrac- 
tory mantle with the potential for diapiric uprise. Indeed 
Oxburgh and Parmentier” have suggested this as a probable 
mechanism for back-arc spreading and the formation of 
marginal basins. Here we extend this concept to link with earlier 
proposed marginal basin models for greenstone belts”. 

The essence of the Oxburgh and Parmentier’*** model is that 
the depleted lithosphere with its basaltic capping sinks 
into the mantle until it heats up to or near the temperature of the 
surrounding mantle. At this point it segregates from the dense 
eclogite cap and rises diapirically because there is a significant 
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Table 1 Ascending peridotite diapirs: % partial melting and temperatures and MgO contents of liquids 


ĤÜżyy aaa a An aa 


Initial P, T and depths of diapir Pyrolite model? Depleted peridotite model 


P Depth T Final T Final T 
(kbar) (km) (°C) (°C) % Melt % MgO* (°C) % Melt % MgO* 
50 150 1,700 1,372 29 21 1,513 19 31 
75 225 1,950 1,497 47 32 - 1,651 42 44 
100 300 2,200 1,606 69 42 1,780 63 53 
enna et nmiaeeeeeetteieimimL—attRtmttntitantstntntT CRN tet e Tt 
Depleted peridotite 
Parameters used in the modelling are: Pyrolite model? model 
Heat capacity of solid (cal g~' °C™") 0.30 0.35 
Heat capacity of liquid (cal g` ac ` 0.50 0.55 
Latent heat of fusion (calg) 100 120 


Both models assume an adiabatic cooling rate of 1°C kbar” ’, with gravitational heat loss retained in the diapir of 0.4 cal g` kbar™’. In the pyrolite 
model® the pyrolite solidus is taken to be at 1,200 °C at 1 atm, with dT/dP of 10°C kbar! with a nonlinear melting interval. The depleted peridotite 
model assumes a solidus at 1 atm, of 1,400 °C, again with dT/dP of 10°C kbar! but with a constant linear melting interval of 600 °C. Higher heat 
capacity and latent heat of fusion values based on mineral data in ref. 13. 

* Modelling of MgO abundances in liquids similar to that of Hanson and Langmuir’”, using 1-atm distribution coefficients. Note quoted MgO values 
are in cation mol %. Pyrolite’ has 48 cation mol % MgO; depleted peridotite assumed to have 53 cation mol % MgO (for reference, sample 49] from 


the Barberton belt'* has 32% MgO equal to 42 cation mol %). 
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density difference (0.06-0.09 gcm™*) from the surrounding 
more Fe-rich undepleted mantle. The rising diapir will at some 
time intersect the refractory mantle solidus and thereafter 
undergo progressive fusion. The rising diapir may cause fusion 
of the normal mantle surrounding it (this is especially true where 
intrinsic buoyancy is a significant driving force in diapiric 
uprise**), allowing potential mixing of mantle sources or mag- 
mas. Thus the geochemistry of the erupted magmas could 
conceivably vary from ‘depleted’ to ‘enriched’ and need not 
directly reflect the composition of the diapir itself. The first 
magmas erupted would be peridotitic komatiite, but pertur- 
bation of the mantle by the diapir and dissipation of its remain- 
ing thermal energy would cause extensive basaltic volcanism 
characteristic of many greenstone sequences. Because this type 
of diapirism is closely linked to subduction and hence to zones of 
crustal generation, the general association of rock types would 
be similar to that proposed for the rocas verdes marginal basin 
model of Tarney et al.”’. 

The present model, however, allows considerable improve- 
ments to be made to the rocas verdes model, particularly towards 
explaining the lack of rifting of the lithosphere (and consequent 
spreading), the occurrence of multiple greenstone belts, repeti- 
tions of the volcanic cycle and the lack of modern equivalents of 
komatiitic lavas. 

An important feature of the model is that the driving force is 
the intrinsic density contrast rather than a thermally dependent 
density contrast. The rate of diapiric uprise depends on both the 
size of the diapir and the viscosity of the surrounding mantle. 
High heat flow in the early Archaean” would mean that the 
mantle had a low viscosity, thereby enabling smaller diapirs to 
rise, with perhaps more than one pulse, leading to repeated 
volcanic sequences. However, the viscosity of the mantle will 
increase with time as the geothermal gradient falls as a 
consequence of crustal growth and the transfer of radioactive 
elements U, Th, K and Rb into the crust. Conversely the upper 
mantle becomes progressively more depleted and refractory (as 
evidenced by Nd and Sr isotope data’®), lessening the density 
contrast with the subducting lithosphere. Thus only increasingly 
larger diapirs would be able to rise. The implication is that 
earlier greenstone belts might be smaller (for example, Barber- 
ton and Pilbara greenstones) with perhaps more repeated vol- 
canic cycles, whereas later belts would be larger and more linear 
(for example, Superior Province, Yilgarn Block). Small diapirs 
might thin the crust and promote basin formation, but would not 
necessarily rupture the lithosphere. Eventually the density 
contrast would become too small and the viscosity too high to 
allow refractory mantle diapirs to migrate to higher levels. A 
corollary of this is that there may be no (or very rare) modern 
equivalents of komatutic lavas. Alternatively, only very large 
diapirs would be able to rise; these, however, would rupture the 
lithosphere and generate seafloor spreading similar to that in 
modern back-arc marginal basins. It is interesting that high- 
magnesian (up to 18% MgO) lavas and dykes are known from 
several marginal basin ophiolite complexes, including the rocas 
verdes complex in southern Chile”. 

The existence of multiple greenstone belts in younger 
Archaean provinces (for example, Superior Province, Yilgarn 
Block) poses problems for the conventional marginal basin 
model, bearing in mind the time constraints from these areas. 
Recent isotopic studies** have indicated that most of the 
Superior Province, including the greenstone belts, formed 
within a restricted time span of 100-200 Myr. This implies 
extremely rapid crustal generation and penecontemporaneous 
formation of the greenstone belts. Similar evidence exists from 
the Yilgarn Block’’. One possibility is that the subduction zone 
migrates oceanwards as the newly generated crust accretes 
laterally and that a series of greenstone belts are formed in 
sequence, each generated by individual diapiric events. A 
modern parallel is the Mariana Arc system where a series of 
remnant arcs and intervening marginal basins have been formed 
since the mid-Tertiary as the active arc itself has moved east- 
wards’. 
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However, it is also possible that there is a small but significant 
hiatus between the generation of crust and formation of green- 
stone belts, and that the latter were all formed simultaneously. 
Cox”', for instance, has used the Oxburgh—Parmentier model”* 
to account for the extensive early Mesozoic Karroo volcanism in 
southern Africa. He suggests that continued subduction of 
Pacific lithosphere along the western margin of Gondwanaland 
during the late Palseozoic led to a substantial build-up of 
low-density refractory mantle in the ‘back-arc’ region beneath 
the continent, and that it was the eventual diapiric rise of this 
material into the more fertile mantle above that provided the 
thermal energy for the extensive Karroo-related volcanism. For 
this to be a feasible mechanism requires a fairly shallow sub- 
duction zone in order to carry depleted lithosphere well beneath 
the continent. Shallow subduction beneath the Andes is asso- 
ciated with voluminous calc-alkaline volcanism and plutonism, 
while equivalent subduction beneath the active basaltic island 
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Fig.2 Schematic representation of back-arc diapirism in a region 
of rapid lateral crustal growth, Possible model for multiple green- 
stone belts is shown. 


arcs and marginal basins of the Western Pacific is located along 
steeply inclined Benioff zones. Molnar and Atwater’? have 
ascribed this difference to the age of the subducting lithosphere: 
older, cooler lithosphere in the Western Pacific sinking back 
steeply into the mantle while younger warmer lithosphere 
subsides more gently. The high heat flow in the Archaean 
coupled with rapid plate production and shorter convection cells 
would favour shallow subduction and, by analogy with the 
Andes, extensive crustal generation. The refractory subducted 
lithosphere could rise diapirically at several points under a 
continent to produce multiple (and ensialic) greenstone belts 
(Fig. 2). Provided they originated at depths in excess of 200 km, 
they could generate high-temperature lavas with the chemistry 
of peridotitic komatiites, as our calculations have shown. 
Jordan?’ has argued, from seismic and heat-flow evidence, 
that the sub-continental lithosphere is composed of much more 
refractory mantle than the oceanic lithosphere, and that the 
thickness of this subcontinental ‘tectosphere’ may vary from as 
little as 100 km in young unstable regions to as much as 400 km 
beneath the older cratons. Oxburgh and Parmentier’s model’ 
provides a mechanism for the growth of this tectosphere through 
diapiric uprise of refractory Mg-rich lithosphere from the sub- 
ducting slab. In this context greenstone belts could be consi- 
dered as merely the surface expression of this process, where 
more active diapirs have managed to penetrate thin, immature, 
sub-continental tectosphere. Once a substantial tectosphere has 
developed beneath a continent it would, for reasons of density, 
viscosity and temperature, offer more resistance to penetration 
by such diapirs. Perhaps it is no coincidence then that: most. 
greenstone belts occur in regions which were geologi ; y 
young at the time the belts formed. gS 
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Conclusions 


This mechanism for the formation of Archaean ensialic green- 
stone belts may differ from that controlling the development of 
modern intra-oceanic marginal basins where, because of the 
more mature, cooler nature of the subducting lithosphere, the 
Benioff zone is steeply inclined. Toksöz and Bird** proposed 
that the down-dragging effect of the subducting slab induces 
convective circulation in the mantle wedge behind the volcanic 
arc, the broad upwardly convecting cell rupturing the hthos- 
phere and causing back-arc spreading. Thus the effect may be 
different, but the strong link with subduction is present in both 
models. The original marginal basin model of Tarney et al.” was 
based on the Mesozoic ensialic rocas verdes complex in southern 
Chile where the amount of back-arc extension was very limited. 
When all aspects of greenstone belts are considered we feel that, 
when due allowance is made for the different Archaean thermal 
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regime and mantle structure, a marginal basin analogue is the 
model best able to accommodate the observed features of 
greenstone belts. 

An important corollary is that extreme geothermal gradients 
implied for the Archaean mantle on the basis of the high liquidus 
temperatures of komatiitic lavas’ are not necessarily correct, 
This is particularly important as far as eclogite stability in 
subduction zones is concerned because many Archaean crustal 
rocks have rare-earth element characteristics consistent with an 

+s . è n 35-37 
origin through partial melting of eclogite”. Clearly also, 
caution must be exercised in deducing Archaean mantle 
compositions from high-magnesian komatiitic liquids; their 
compositions may merely reflect their local source regions. 
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Efficient translation of prokaryotic mRNAs in a 
eukaryotic cell-free system 
requires addition of a cap structure 
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In this and the accompanying paper we demonstrate that 
certain prokaryotic mRNAs, when modified at their 5'- 
termini with a cap structure, are translated in a eukaryotic 
cell-free protein synthesising system as efficiently as, or 
more efficiently than, eukaryotic mRNAs. Apparently, the 
prokaryotic mRNA contains all the information necessary 
for efficient recognition and initiation by eukaryotic trans- 
lational components, except for the cap structure. 





MANY eukaryotic mRNAs are modified at their 5’-termini with 
a cap structure consisting of 7-methylguanosine in 5’- to S- 
linkage with the first encoded base of an mRNA‘. In vitro 
translation experiments with various eukaryotic cell-free pro- 
tein synthesising systems indicate that the presence of the cap 
moiety is required for efficient translation of these messages*”**. 
Although the degree of cap-dependent translation varies among 
different mRNAs and depends on the in vitro translation system 
used? as well as on the particular conditions in which the 
translation reactions are carried out’**°®, the results clearly 
suggest an important physiological role for the cap structure in 
the expression of these mRNAs. 
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Various prokaryotic mRNAs (for example, RNA phage, T7 
‘early’ RNA) have been translated in both mammalian and 
wheat-germ cell-free systems to produce accurate and 
functional protein products? ?”. However, in these experiments 
it was necessary to use relatively high concentrations of the 
prokaryotic mRNAs to obtain detectable synthesis of the pro- 
tein products. The translational efficiencies of these prokaryotic 
mRNAs were significantly lower than the corresponding 
efficiencies exhibited by equivalent amounts of most eukaryotic 
mRNAs (as judged by the amino acid incorporation per mol 
of mRNA added to the translation reaction). The prokaryotic 
mRNAs were, in fact, translated at levels equivalent to those 
obtained with eukaryotic mRNAs lacking cap structures. 

In this and the following article’? we examine the translation 
of several well-defined prokaryotic mRNAs in a wheat-germ 
cell-free system and, in particular, the effect of the enzymatic 
addition of a cap moiety on the translational efficiencies of these 
mRNAs. Our results indicate that these messages can be trans- 
lated at relatively high efficiency in the wheat-germ extract and, 
analogous to the situation described for many eukaryotic 
mRNAs, this efficient translation is absolutely dependent on 
modification of the prokaryotic transcript with the cap structure. 
For each case examined, the capped prokaryotic mRNA was 
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found to translate as efficiently as, or more efficiently than, the 
equivalent amount (per mol) of capped rabbit haemoglobin (Hb) 
mRNA. Moreover, the cap-dependent translation exhibited by 
these mRNAs has allowed: (1) detection of an endogenous 
capping activity present in wheat-germ extracts, (2) comparison 
of the relative translational efficiencies exhibited by an mRNA 
encoding the same gene when located at different positions 


within a transcript, (3) demonstration that an mRNA which _ 


atypically initiates with a 5’-pyrimidine triphosphate can be 
cap-modified and translated, and (4) comparison of the trans- 
lational efficiencies exhibited by two mRNAs which encode the 
same gene product but differ in their 5'-non-coding regions. 


Synthesis of the À cro gene product 


Transcription of phage A DNA with purified Escherichia coli 
RNA polymerase yields four major, well characterised RNA 
transcripts (Fig. 1)*°-**. Two of these transcripts are relatively 
high molecular weight (MW) (>16S) polycistronic mRNAs 
which are known to code for a variety of phage functions. They 
initiate from the major early promotors of phage A, pı and pr, 
and extend leftward and rightward, respectively, from the A 
immunity region (Fig. 1). In addition, two smaller transcripts are 
synthesised (4S and 6S RNAs), but these do not code for viral 
proteins. If the in vitro transcription reaction is carried out in the 
presence of the transcription termination protein factor, rho, 
then the pı and pr initiated mRNAs are terminated early at sites 
f and fr, respectively, resulting in the production of discrete 
lower MW monocistronic mRNAs. ‘A 12S RNA which encodes 
the AN gene function is obtained from the left, and an 8S mRNA 
which encodes the Acro gene product results from the right 
(Fig. 1}. 





Fig. 1 Partial genetic map of bacteriophage A showing the locations and 
relative sizes of the major RNA transcripts and some of the genes which they 
encode. In this study A~ is actually Ab2, a derivative deleted for certain 
non-essential genes, thereby simplifying the in vitro RNA transcription 
pattern”’. c17 represents a small DNA insertion which occurs within the 
intercistronic boundary between the genes cro and cII and creates a new 
RNA polymerase promoter site (p) for RNA transcription*?****. The region 
of substitution of the entire galactose operon of E. coli (pgal ETK) which 
occurs in the A transducing phage, Apagal8, is also indicated. All other 
designations are explained in the text. 


RNA was prepared in vitro from a rho transcription reaction 
using A DNA as template and then added to a wheat-germ 
cell-free translation system (Fig. 2). Addition of total RNA (that 
is, 4S, 6S, 8S and 12S RNA species) stimulated incorporation of 
*°S-methionine into a single prominent polypeptide of ~7,500 


daltons (Fig. 2~1). This protein was initially identified as the Acro. 


gene product by carrying out analogous translations on trans- 
cripts prepared identically from several well characterised A 
mutants. The first, Ax13, carries a point mutation in pp and is 
unable to initiate transcription of the 8S cro gene mRNA”. The 
second, AAcro, is deleted for the cro gene function. Although 
other RNAs are transcribed normally from the two mutants, 
these RNAs did not direct synthesis of the 7,500-dalton poly- 
peptide (Fig. 2-2, 7). In contrast, translation of total RNA (all 
four species) prepared from a third mutant, ANN”, which carries 
a double amber mutation in the N gene product (encoded by the 
12S mRNA species)*? did produce the. 7,500-dalton poly- 
peptide (Fig. 2-3). Thus, production of this polypeptide is 
apparently solely dependent on the presence of the 8S cro 
mRNA species. Identification was confirmed by preparing tran- 
scripts from a purified DNA restriction fragment which spanned 
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Fig.2 Autoradiograph of a 12.5% SDS-polyacrylamide gel analysis of the 
35§-methionine-labelled cell-free products synthesised in wheat-germ 
extracts in response to RNA transcribed in vitro from the indicated A phage 
DNAs (see text for description of the various Aderivatives). Wheat-germ 
translations were carried out (as described below) in 50-yl reactions using 
the following components: (1) ~1.0 pmol of 8S cro mRNA contained in 
~0.8 ug total RNA prepared from A* DNA; (2) ~0.8pg total RNA 
prepared from Ax13 DNA; (3) 0.8yg total RNA prepared from 
ANN- DNA; (4) no added RNA (endogenous); (5) ~1.2 pmol cro mRNA 
contained in ~150 ng total RNA prepared from a purified A DNA restric- 
tion fragment (see below and text); (6) ~0.4 wg total RNA prepared from 
Aimm434 DNA; (7) ~0.4 pg total RNA prepared from a A derivative which 
is deleted for the cro gene, Abio7—20nutL44croA2; (8) same as (1); (9) same 
as (4). RNA transcriptions were carried out as previously described?!” with 
the following modifications: reaction volume (0.5 ml), template DNA 
(2.5 pmol ml~'), E. coli RNA polymerase (40 ug mi™’), purified rho factor 
(10 ug ml~'). RNA synthesis was monitored and quantitated by incorporat- 
ing [a-**P]ATP (specific activity 10 mCi mmol™’) into a separate aliquot of 
the transcription reaction. Reactions were terminated by the addition of 
pancreatic DNase (25 pe). After an additional 5 min incubation at 20 °C, the 
reaction mixture was made 0.1% in SDS, extracted with phenol, and 
precipitated twice with 2.5 volume of ethanol at —20 °C. The pellet was 
washed with 95% ethanol, dried and dissolved in H,O. For certain reactions 
(1, 5 and 8) the relative yields of 4S, 6S, 8S and 12S RNA species. were 
determined by analysing the aliquot of ?*P-labelled RNA on a 3.5% 
polyacrylamide slab gel containing 8.0 M urea®**?>1, Wheat-germ cell-free 
translations were carried out essentially as described*®. Reaction mixtures 
(50 yl) contained micrococcal nuclease-treated wheat-germ extract (10 yl), 
SAM (5 uM), ATP (1 mM), GTP (0.4 mM), magnesium acetate (2.0 mM), 
spermidine (600 uM, free base), creatine phosphate (8 mM), creatine phos- 
phokinase (8ygml~’; Sigma, 155 U per mg), KCI (85mM), HEPES 
(25 mM, pH 7.6), amino acids minus methionine (25 uM), dithiothreitol 
(2 mM), 7°S-methionine (10-15 wCi at 400-800 Ci mmol—!, Amersham), 
and the indicated amounts of RNA. Protein synthesis was monitored by hot 
trichloroacetic acid precipitation as previously described**. Preparation and 
running of the samples on the 12.5% SDS-polyacrylamide slab gel have also 
been described*®. After electrophoresis the gel was fluorographed for ~12 h 
at —70°C (ref. 46). All values given represent final concentrations in the 
reaction mixture. The DNA restriction fragment used to prepare cro mRNA 
for translation reaction (5) was obtained from phage Ar32, a derivative which 
contains an ISZ insertion element within the cro-cII intercistronic bound- 
ary*’. Restriction of this DNA with HindIII results in productions of a 
readily obtainable 1,600-base pair DNA fragment which spans the pa-cro 
region (K. McKenney, unpublished data). 


the cro cistron and contained only the pr initiation site for RNA 
transcription. Translation of this RNA, which consists almost 
exclusively of the 8S cro mRNA, again results in production of 
the major 7,500-dalton polypeptide (Fig. 2-5). 
Authentic cro protein has been obtained in vivo from A- 
infected cells and is known to have a MW of 7,500 (ref. 34). 
Moreover, the nucleotide sequence of the region of the A 
genome which encodes the 8S cro mRNA has been deter- 
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mined**, as has the amino acid sequence of the purified pro- 
tein®*. These data indicate that the 7,500-dalton cro polypeptide 
is a primary translation product and that the cro mRNA contains 
only one possible reading frame of codon triplets consistent with 
a protein of this size. Apparently, the 7,500-dalton protein 
being synthesised in the wheat-germ extract is the Acro gene 
product. More recent studies (C. Queen, B.M.P. and M.R., 
unpublished results) indicate that translation of this same A 
transcript in an E. coli $30 translation system results in the 
synthesis of the identical protein product. 

RNA transcribed from the Ax 13 phage DNA template direc- 
ted synthesis of a minor polypeptide of slightly higher MW than 
the Acro protein (Fig. 2-2). This product did not seem to result 
from translation of any of the major A mRNA species, but rather 
was accounted for by the following observations. The Ax13 
phage is a replication-defective mutant and requires a helper 
phage for its growth. The helper phage (in this case the hetero- 
immune phage Aimm434) is subsequently separated from Ax 13 
by CsCl gradient centrifugation, although some cross- 
contamination between the two phages usually occurs. The 
A434 phage has an entirely different and somewhat larger cro 
gene than A“ (ref. 37). Transcripts were prepared from purified 
4434 phage DNA and translated in the wheat-germ system (Fig. 
2-6). Their translation resulted in the production of a single 
major polypeptide which had a gel mobility identical to the 
minor product observed from translation of the Ax13 mRNA 
(compare Fig. 2-2, 6). Apparently, the wheat-germ extract was 
able to translate the small amount of A434 cro mRNA which 
was transcribed with and contaminated the Ax13 mRNA prep- 
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aration. We emphasise that although the cro genes of A” and 
A434 are functional analogues, the nucleotide sequences of 
these two genes show little, if any, homology even in those 
regions involved in ribosome recognition and initiation of pro- 
tein synthesis (ref. 37 and V. Pirrotta, unpublished data). Thus, 
the two cro genes actually represent independent examples of 
prokaryotic sequences which are being recognised and trans- 
lated by the wheat-germ components. 


Synthesis of cro polypeptide is cap dependent 


The cap structure is required for efficient translation of reovirus 
RNA‘*”*. This was demonstrated by monitoring the relative 
translational efficiencies exhibited by reovirus RNA which had 
been prepared in vitro in the presence or absence of S- 
adenosylmethionine (SAM). SAM acts as a methyl donor in the 
capping reaction and is required for the formation of a 
functional cap structure’. The viral RNA transcribed in the 
presence of SAM exhibited a significantly higher translational 
efficiency than RNA synthesised without added SAM. 
Moreover, it was observed that addition of S-adenosyl- 
homocysteine (SAH) to the reovirus in vitro transcription 
system resulted in a sharp reduction in the ability to translate the 
reovirus RNA***. SAH is an analogue of SAM which competi- 
tively inhibits formation of the cap structure on the reovirus 
RNA. 

We have used similar critieria to determine the extent of 
cap-dependent translation of AcromRNA in the wheat-germ 
cell-free system. As before, cro mRNA was prepared in vitro as 
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Fig.3 Composite autoradiograph of an SDS-polyacrylamide gel analysis (as in Fig. 2) showing the effects of the indicated manipulations on the cell-free synthesis in 
wheat-germ extracts of the Acro polypeptide (1-13) and haemoglobin (Hb) protein (14-19). A* RNA was prepared in vitro (as described in Fig. 2) and identical 
aliquots of RNA (~0.5 pmol of 8S cro mRNA contained in ~0.4 pg total RNA) were used for each translation reaction. Translations were carried out (as described in 
Fig. 2 except that S-adenosylmethionine was added only where indicated) in 50-pl reactions using the following components: (1) no added RNA (endogenous); (2) A 
RNA only; (3) A RNA + S-adenosylhomocysteine (SAH, 500 pM); (4) A RNA + S-adenosylmethionine (SAM, 5 uM); (5) A RNA+m’GpppA (500 M); (6) 
à RNA, which was initially cap-modified using the purified vaccinia capping enzymes (described below); (7) same as (1); (8) same as (6); (9) cap-modified A RNA (as 
in 6) + SAH (500 pM); (10) cap-modified A RNA (as in 6) +m’ GpppA (500 uM); (11) A RNA, which was initially treated with bacterial alkaline phosphatase (BAP, 
see below) + SAM (5 uM); (12) cap-modified A RNA (as in 6 and 8); (13) cap-modified A RNA (as in 6), which was initially treated with BAP (as in 11); (14) same as 
(1) and (7); (15) Hb mRNA only (0.6 pmol); (16) Hb mRNA (0.6 pmol) +SAM (5 uM); (17) Hb mRNA only (3.0 pmol); (18) Hb mRNA (3.0 pmol) +SAH 
(500 uM); (19) Hb mRNA (3.0 pmol) + m’GpppA (500 uM). RNA was cap-modified before translation using the purified vaccinia capping enzymes*°. Reaction 
mixtures (10-40 pl) contained Tris-HCI (50 mM, pH 7.5), MgCl, (1 mM), GTP (1-2 mM), dithiothreitol (5 mM), SAM (0.1 mM), RNA (~0.4 wg) and enzyme 
extract*®. After 20 min incubation at 37 °C, the reaction mixture was phenol extracted and precipitated twice with ethanol at ~20 °C. The pellet was washed with 95% 
ethanol, dried, dissolved in H,O and then used directly for translation. Bacterial alkaline phosphatase treatment of RNA was carried out in reaction mixtures (0.1 m!) 
containing Tris-HCI (5 mM, pH 0.8), MgCl, (5 mM), RNA (0.4-1.0 ug) and BAP (1.0 wg, Sigma). After 20 min incubation at 37 °C, EDTA (10 mM) was added and 
the reaction mixture was phenol extracted and precipitated twice with ethanol at ~20 °C. The pellet was washed with 95% ethanol, dried, dissolved in H,O and then 
used directly in the translation reaction. 
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a primary 8S mRNA and subsequently translated in a standard 
wheat-germ translation reaction (Fig. 3). In this case, however, 
the translation reactions were carried out in the presence and 
absence of SAM and SAH. Addition of SAM resulted in 
markedly enhanced synthesis of the cro polypeptide (about 
threefold, compare Fig. 3-2, 4). In contrast, SAH addition (Fig. 
3-3) completely and selectively abolished the synthesis of cro. 
These data indicate that translation of cro in the wheat-germ 
extract depends on an endogenous SAM-mediated (SAH- 
inhibited) methylation reaction. Analogous to the situation 
described above for reovirus RNA translation, this methylase 
activity is presumably that which is associated with the forma- 
tion of a functional cap structure. 

The observed effects are specific for an mRNA which requires 
endogenous cap modification for its translation. Similar addition 
of either SAM or SAH to translation reactions containing 
purified Hb mRNA had no effect on the synthesis of Hb protein 
(Fig. 3-15-18). As Hb mRNA already contains a 5'-cap struc- 
ture, its translation is independent of the effects of SAM and 
SAH on the wheat-germ methylation activity. This is also true 
for the products which result from translation of the endogenous 
wheat-germ mRNAs present in the various reactions (compare 
Fig. 3-1-4). These RNAs, like Hb, already contain a cap 
structure and thus serve as direct internal controls in the trans- 
lation reactions. Thus, the specificity of the effects observed with 
cro mRNA indicates that an endogenous capping activity 
present in the wheat-germ extract can appropriately modify the 
5’-triphosphate terminus of the prokaryotic transcript and lead 
to its enhanced ability to be translated in the cell-free system. 
The presence of an enzymatic capping activity in the wheat- 
germ extract was recently confirmed (B. Moss, personal com- 
munication). 

We have also directly demonstrated cap-dependent trans- 
lation of the cro mRNA using enzymatic capping activity from 
vaccinia virions?™™*’. The enzymes were used to cap-modify the 
in vitro synthesised A mRNA before translation in the wheat- 
germ system. The vaccinia enzymes add a cap structure to RNAs 
which contain either a 5'-di- or triphosphate terminus*’, Cap- 
ping reactions were intially carried out with [a-**P]GTP so as to 
monitor and quantitate the extent of cap modification of the A 
transcripts (see Fig. 4 legend). Analysis of these enzymatically 
capped RNAs by polyacrylamide gel electrophoresis indicated 
that each of the A transcripts had incorporated *’P label (not 
shown). More importantly, enzymatic digestion of this RNA 
with T; RNase and subsequent two-dimensional fingerprint 
analysis of the products demonstrated that the **P label was 
specificially transferred to four oligonucleotides which had 
mobilities consistent with the cap derivatives of the known 
5'-terminal oligonucleotides of each of the four A transcripts 
(Fig. 4). The specific activity of the products indicated that 
~60% of the cro mRNA was cap-modified; enzymatic addition 
of the cap structure to the other three transcripts ranged 
between 40% and 60%. 

A* RNA, prepared in vitro and capped with the vaccinia 
enzyme, was added to the wheat-germ cell-free translation 
system. Translation of this RNA resulted in a > 10-fold increase 
in production of cro protein as compared with translation of an 
identical amount of untreated transcript (compare Fig. 3-6, 2). 
Thus, direct cap modification of ~60% of the input prokaryotic 
message resulted in a dramatic increase in its ability to be 
translated in this eukaryotic system. Moreover, these pre- 
capped transcripts now continued to direct the synthesis of cro 
protein even in the presence of SAH (Fig. 3-9), analogous to the 
translation of Hb mRNA (Fig. 3-18). Cap modification with the 
vaccinia enzymes has eliminated the need for endogenous cap 
formation during the translation reaction. 

The requirement for the integrity of the 5’-triphosphate group 
on the cro mRNA primary transcript was also demonstrated. 
Removal of the terminal phosphate residues by initial treatment 
of the RNA with bacterial alkaline phosphatase (BAP), 
followed by addition of this RNA to a translation reaction 
(+SAM) abolished synthesis of the cro polypeptide (Fig. 3-11). 
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Fig. 4 Autoradiograph of a two-dimensional fingerprint (prepared as 
previously described)? 47t showing the 5'-terminal RNase T, oligonucleo- 
tide products resulting from cap modification of the four A RNA transcripts. 
Unlabelled A* RNA was prepared in vitro (as described in Fig. 2) and then 
cap-modified using the vaccinia enzymes, as described in Fig. 3 except that 
SAM was omitted from the reaction and [a-**P]GTP (1-2 mCi, specific 
activity ~ 100 mCi pmol~') was used to label specifically (by the cap-moiety) 
the -triphosphate termini of the unlabelled transcripts. Horizontal dimen- 
sion: electrophoresis on Cellogel in 8.0 M urea at pH 3.5. Vertical dimen- 
sion: ascending thin-layer homochromatography on plates of DEAE- 
cellulose using homo-solvent B (refs 47, 48), The stippled circles show the 
approximate relative positions and nucleotide sequences of the unmodified 
S*-terminal oligonucleotide products which are known to result from T, 
RNase digestion of the four A transcripts (refs 49, 50, and unpublished data). 


However, identical BAP treatment of A RNA which had been 
pre-capped with the vaccinia enzymes had no effect on its ability 
to be translated (Fig. 3-13). Thus, the 5’-terminal triphosphate 
group was protected from phosphatase activity by the presence 
of the added cap structure. 

Further evidence for the cap dependence of cro protein 
translation was obtained from experiments using m’G(5’)pppA, 
a cap analogue which will inhibit the translation of capped 
mRNA‘'*?°*". Cap analogues seem to have little effect on cap- 
independent translation®’. Addition of m’G(5‘)pppA to the 
translation reactions abolished the synthesis of both the Hb and 
cro polypeptides (Fig. 3-5, 19), as well as the synthesis of 
endogenous wheat-germ proteins (that is, background; compare 
Fig. 3-1, 5). Identical results were obtained whether cap 
modification occurred during the translation reaction (in 
response to added SAM, Fig. 3-5) or before translation using the 
vaccinia enzymes (Fig. 3-10). 

Experiments similar to those described for the Acro gene 
product were also carried out with the Aimm434 cro gene. 
Essentially identical results were obtained (data not shown). 
Again, we emphasise that these two prokaryotic mRNAs are 
quite different in primary structure, but exhibit similar cap 
dependence. In contrast to the results obtained with cro protein, 
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we were unable to detect synthesis of the AN protein, the gene 
product encoded by the 12$ mRNA species. Although cap 
modification of this RNA was achieved using the vaccinia 
capping enzymes (Fig. 4), no obvious translation product was 
observed. Structural characterisation of the 5'-terminal region 
of the 125 RNA suggests that the translation start point for the N 
protein may be relatively far (>200 nucleotide residues) from 
the 5’-triphosphate end (ref. 41 and K. McKenney, unpublished 
data). In addition, the 5’-non-coding region of this transcript is 
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known to be processed in vivo into several discrete RNA 
fragments*’. Perhaps the length and/or structure of the 
12S RNA leader region does not allow proper interaction 
between the 5'-terminal cap modification and the site for ribo- 
some recognition and translation initiation of the N protein. 
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Efficient cap-dependent translation of 
polycistronic prokaryotic mRNAs is restricted 
to the first gene in the operon 
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Certain polycistronic prokaryotic mRNAs, when modified 
at their 5'-termini with a cap structure, are translated as 
efficiently as, or more efficiently than eukaryotic mRNAs in 
a eukaryotic cell-free protein synthesising system. However, 
in this case efficient cap-dependent translation is apparently 
restricted to the 5'-proximal coding sequence. Moreover, 
certain translational regulatory signals potentially used by 
these prokaryotic mRNAs to regulate their levels of expres- 
sion seem to be recognised by the eukaryotic translational 
components. The evolutionary significance and practical 
implications of these results are discussed. 


IN the previous article’ we demonstrated the cap-dependent 
translation of the monocistronic 8S Acro mRNA in a wheat- 
germ cell-free protein synthesising system. These studies also 
allowed the detection of an endogenous capping activity present 
in the wheat-germ extract. Here, we extend these observations 
to other prokaryotic transcripts and, in particular, examine the 
cap-dependent translation of certain polycistronic mRNAs. 
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Cap dependence in a polycistronic operon 


Transcription of A DNA in the absence of the protein termina- 
tion factor rho results in the production of two high molecular 
weight (MW) polycistronic transcripts which are derived from 
the elongation of the 8S and 128 mRNAs” (see accompanying 
paper, Fig. 1). The cro gene now occurs at the S’-end of a 
polycistronic transcript which is derived from the right operon of 
A and encodes several other A gene products. Translation of 
these high molecular weight mRNAs in the wheat-germ system 
again resulted in the synthesis of cro protein as the only major 
translation product (Fig. 1-1). Efficient translation of cro from 
the polycistronic message exhibited the identical dependence on 
cap modification to that observed for the 8S monocistronic 
mRNA (data not shown). The inability to detect protein 
synthesis from any of the cistrons located internally on the 
transcripts suggests that protein initiation sites positioned ‘too 
far’ from the cap structure may not be efficiently recognised by 
the eukaryotic translational components. Thus, it may be the 
relative proximity of the translation start site to the cap- 
modifiable S’-triphosphate end of the transcript that is 
important for efficient cro protein translation. The following 
observations strongly support this contention. 
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The cli gene of A comprises the second cistron of the Pr 
promoted major rightward operon (see accompanying paper, 
Fig. 1). This gene is located distal to the cro gene and separated 
from it by an intercistronic regulatory region of ~120 base 
pairs’. A well characterised A mutant, Ac17, contains a small 
DNA insertion within the intercistronic boundary between cro 
and clI, immediately preceding the presumptive ribosome bind- 
ing region of clI (refs 5-7). This insertion creates a new 
promoter site for RNA polymerase and results in the tran- 
scription and functional expression of the cll coding region’. 
Transcription from this c17 promoter initiates atypically with a 
pyrimidine triphosphate (CTP) and this 5’-triphosphate end 
occurs only 18 residues from the presumptive AUG initiation 
codon for cll (Fig. 3)°. Thus, in vitro transcription of the Ac17 
DNA template gives rise to one additional c17 promoted tran- 
script, which places the cII coding region in proximity to a new, 
cap-modifiable 5'-triphosphate end. 

RNA transcripts were prepared in vitro using the Ac17 DNA 
template and subsequently translated in the wheat-germ cell- 
free system (Fig. 1). In contrast to the results obtained using the 
A” DNA template, three major protein products were now 
obtained: the expected 7,500-dalton cro polypeptide and two 
additional proteins of ~12,000 and 14,000 daltons (Fig. 1-2). 
The single additional c17 promoted transcript seemed to be 
responsible for the synthesis of both new polypeptides. This was 
confirmed when the same two protein products were obtained in 
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translation reactions carried out with RNA prepared from a 
purified DNA restriction fragment of Ac17 (data not shown). 
This DNA fragment contains the c17 promoter and the entire 
cH coding region, but lacks the major p; and pr promoters of A 
(ref. 5). 

Translation of both new polypeptides, as well as the cro 
protein, was dependent on cap modification of the Acl17 mRNA. 
As with the translation of cro mRNA, synthesis of the two new 
polypeptides was markedly enhanced by S-adenosylmethionine 
(SAM) addition (Fig. 1-3) and sharply inhibited by S-adenosyl- 
homocysteine (SAH) addition (Fig. 1-4) to the wheat-germ 
translation reaction. Moreover, cap modification before trans- 
lation using the purified vaccinia enzymes again dramatically 
increased the production of both polypeptides (not shown). 

Initial characterisation of the two new polypeptides was 
achieved by directing translation reactions with mRNA pre- 
pared from a derivative of Ac17 which carries an amber point 
mutation within the cH gene (Ac1 7Ilamber41). Translation of 
the RNA surprisingly resulted in gel electrophoretic mobility 
shifts for both the 12,000 and 14,000 dalton polypeptides (Fig. 
1-6). No change was detected for the cro polypeptide. As the 
amber mutation results from a single base-pair change’, both 
polypeptides must not only be derived from the cll coding 
region, but must also be translated in the same reading frame of 
codon triplets. Preliminary *°S-methionine tryptic peptide 
mapping of these two cII proteins indicates that they do share 
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Fig.1 Composite autoradiograph of a gel analysis (as described in Fig. 2 of the accompanying paper) showing the *°S-labelled products synthesised in wheat-germ 
extracts in response to RNA transcribed in vitro (see accompanying paper, Fig. 2) from various A phage DNAs (see text for description of each A derivative), 
Wheat-germ cell-free translations were carried out (as described in Fig. 3 of the accompanying paper) in 50-1 reactions using the following components: (1) A* RNA 


(as in Fig. 3 of the accompanying paper except that rho factor was omitted from 
0.5 ug total RNA); (3) Acl7 RNA (as in 2)+ SAM (5 pM): (4) Ac17 RNA {asin 2) 


the transcription reaction); (2) Ac17 RNA (containing ~0.6 pmol 8S cro mRNA in 
+ SAH (500 uM); (5) same as (3); (6) Acl 7cllamber RNA (~0.4 ug)+SAM (5 2M); 


(7) no added RNA (endogenous); (8) ApgalB RNA, prepared in the absence of rho factor; (9) Apgal8 RNA, prepared as in (8) except that CRP (40 wg mi~?) and cyclic 
AMP (0.3 mM) were added to the transcription reaction, +SAM (5 aM); (10) same RNA as in (9)+SAH (500 uM); (11) same as (9): (12) Apgalochreb4 RNA, 
prepared with CRP (40 ug m!°') and cyclic AMP (0.3 mM) added to the transcription reaction, (13) same as (7); (14) same as (8); (15) Apgai8 RNA, prepared as in (8) 
and (14) except that glycerol (20% ) was added to the transcription reaction; (16) same RNA as in (15)+SAH (500 uM). All values given are final concentrations in 
the reaction mix. The two presumptive cll fragments indicated in (5) and (6) have not been shown to be derived from the clla and elib polypeptides. This conclusion is 
the simplest interpretation of the gel pattern and is consistent with the position of the cllamber41 mutation. The differences in relative intensity observed for the two 
cll fragments presumably result from the corresponding changes which occur in their respective methionine content. The minor band which remains at the clla 
position is an endogenous product (compare with Fig. 2-4 or 3-1 of the accompanying paper). The amounts of gal E specific mRNA added to translation reactions 
(8)-(16) were not determined; however, each translation reaction was directed with an identical aliquot of RNA obtained from each of the Apgal8 transcription 
reactions. Furthermore, these aliquots of RNA were estimated to approximate to those used in translation reactions1-6. 
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- common peptides and that the smaller protein consists mainly of ` 


a subset of the tryptic products contained in the larger protein 
(unpublished results). Moreover, the amber: mutation seems to 
have resulted in a similar reduction in MW for each polypeptide 
(Fig. 1 see legend). If this is correct, then both the cll poly- 
peptides must have the same (or nearly identical) carboxy 
termini and differ only (or predominantly) at their amino- 
terminal ends (by ~20-25 amino acid residues, Fig. 3). 


An authentic 14,000 MW protein, which is derived from the | 


cll coding region, has been identified from A-infected cells”. 
The DNA sequence of the cII coding region predicts a protein of 
this MW?: Thus, the larger of the two cII proteins (clla, Fig. 1) 
synthesised in wheat-germ in response to the capped c17 tran- 


script.is likely to be this protein. The smaller 12,000-dalton: 


polypeptide (cIIb) probably initiates translation 20-25 codon 


positions to the right of this site. The apparent size reduction. 


resulting from chain termination observed for the two proteins 
would then be entirely consistent with the known nucleotide 
position of the amber mutation in the cll gene. Furthermore, a 


second AUG codon does occur at amino acid position 23 of the - 


clla protein (position 84-87 in the c17 mRNA, Fig. 3). This 
AUG might serve as the initiator codon of’ clib. Ribosome 


binding studies support this contention (M.R. and B.M.P., in - 
preparation). In separate reactions, translation components 
from either wheat-germ or Escherichia coli were used to form 
stable translation initiation complexes with the’ purified cl7-' 


promoted. transcript. Both the 60S prokaryotic ribosome and 
the 70S eukaryotic ribosome were found to bind specifically and 


protect (from ribonuclease digestion) two separate and identical `` 


regions of this RNA. Each protected site spanned about 30-40 
nucleotide residues and centred around one of the appropriate 
AUG codons. It is not known whether these two overlapping 
sites for protein synthesis have: any functional significance for 
the bacteriophage. However, recent studies (C. Queen, B.M.P. 
and M.R.) indicate that two proteins of identical electrophoretic 
mobilities to those made in wheat-germ can be synthesised in an 
E. coli $30 translation system using the same in vitro prepared A 
transcripts. Thus, the wheat-germ translational components 
may be recognising a translational regulatory mechanism used 
by A to produce two different polypeptides from the same coding 
region. l 
Regardless of the possible functional implications of the two 


overlapping cII proteins, their translational in the wheat-germ . 


system required cap modification of the c17-initiated mRNA. 
As we described earlier, the sequences encoding the cII regula- 
tory region also occur on the pr-initiated polycistronic transcript 
which was synthesised from the A” DNA template. In this case, 
cll is the second cistron of the operon, located ~330 nucleotide 
residues away from the cap-modified 5’-end. Translation of the 
Pr-promoted mRNA did not result in detectable synthesis of 


„either cll protein (Fig. 1-1). Only on introduction of a new | 


transcription start site (through the c17 promoter), which placed 
a cap-modifiable 5’-triphosphate terminus in the proximity of 


the cII coding region, was efficient translation of cI obtained. 


Moreover, cap modification of the initiating pyrimidine nucleo- 
tide, CTP, of the c17 mRNA resulted in efficient translation 
from two different sites, respectively, 18 and 84 residues from 
the cap structure. The larger protein (initiated closer to the cap) 
was always obtained in somewhat higher yield (~60%) than the 
smaller cII protein (~40%, normalised for methionine content). 


We do not know whether the two start sites represent function-. 


ally independent regions for translation initiation or whether 
their function is related. The mechanism which"leads to the 
cap-dependent synthesis of the two cII proteins is being studied. 


Cap-dependent gal E translation | 

The gal operon of. E. coli consists of three structural genes, E 
(epimerase), T (transferase) and K (kinase), which are tran- 
scribed into a single polycistronic mRNA from a promoter 
region which has been well characterised**~* (see accompany- 


ing paper, Fig. 1). In vitro, transcription of gal DNA can occur: 
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from either of two distinct sites which are known to be 5 base 
pairs apart within the gal regulatory region (start sites S, and Sp, 
Fig. 3)'*. Transcription from start site S, requires the presence of 
cyclic AMP receptor protein (CRP) and cyclic AMP in the 
transcription reaction’. In these conditions, no transcription 
initiates from start site S2. In the absence of CRP and cyclic 
AMP, S; transcription is abolished and only low-level S, tran- 
scription occurs (~20-fold lower than the CRP-cyclic AMP- 
dependent S, transcription). However, CRP-cyclic AMP- 
independent S; transcription can be stimulated (~8-10-fold) by 
the addition of glycerol to the in vitro reaction’”. Thus, using the 
appropriate in vitro transcription conditions, two distinct tran- 
scripts of the gal operon can be obtained which differ only in that 
one (CRP-cyclic AMP independent) has five additional nucleo- 
tide residues at.its 5’-end compared with the other (CRP-cyclic 
AMP-dependent transcript) (Fig. 3). oe 

RNA was prepared in vitro using DNA obtained from a A 
transducing phage, Apgal8, which carries the entire gal operon 
within its genome (see accompanying paper, Fig. 1). These 
transcripts consist of the various A mRNAs (described earlier), 
as well as the additional gal-derived polycistronic mRNA. 


Transcriptions were initially carried out either in the presence or 


absence of CRP-cyclic AMP and this RNA was then translated 
in the wheat-germ cell-free system (+SAM, as described in Fig. 
1). RNA, prepared in the presence of CRP-cyclic AMP, direc- 
ted synthesis of a new major protein product (~38,000 daltons, 
Fig. 1-9). Only minor amounts of this same protein were 
produced in a translation reaction carried out identically on 
RNA made in the absence of CRP-cyclic AMP (Fig. 1-8). 
Transcription of the gal operon, specifically induced by CRP- 
cyclic AMP, resulted in the corresponding translation of the 
38,000-dalton protein. Cro protein was also made in these 
reactions (in response to the Apr-initiated mRNA); however, its 
synthesis was not affected by the presence or absence of CRP- 
cyclic AMP (compare Fig. 1-8 and 1-9). The CRP-cyclic AMP- 
dependent protein product is presumably gal epimerase (E), the 


38,000-dalton protein encoded by the first cistron of the gal 


operon. Identification of the gal E product was confirmed by the 
translation of transcripts prepared from a mutant of Apgal8, 
which carries an ochre, chain-terminating mutation early within 
the E gene (S. Adhya, unpublished). These transcripts 
specifically failed to direct synthesis of the 38,000-dalton pro- 
tein, whereas cro protein was produced normally (Fig. 1-12). 

Analogous to the results obtained with both cro and cll, gal E 
translation in the wheat-germ system was also completely 
dependent on cap modification of the S,-initiated gal transcript. 
Addition of SAH to the translation reaction abolished synthesis 
of the gal E protein (as well as cro protein being synthesised in 
the same reaction, Fig. 1-10). In addition, gal E synthesis was 
markedly enhanced by cap modification of the RNA with the 
purified vaccinia enzymes before its translation. Although the 
gal mRNA encodes three gene products (E, T and K ), again: 
only the 5’-proximal E gene seemed to be translated efficiently. 
The AUG initiation codon for gal epimerase occurs only 27 
residues from the 5’-cap-modified triphosphate end of the S,- 
initiated gal transcript’. It is difficult to compare the relative 
cap-dependent translation efficiencies of gal E and cro as the 
number of methionine residues in.epimerase is not known. 


` However, the. gal promoter, even when stimulated 20-fold by 


CRP-cyclic AMP, is still less efficient in vitro than the Apr. 
promoter. Thus, the apparently weaker translational response 
observed for gal E (compared to cro) results, at least in part, 


from the fact that there is less gal RNA produced in these 


transcription reactions than there is cro mRNA. 
Several minor protein bands also seem to be synthesised in the - 
wheat-germ extract in response to the CRP-cyclic AMP 


dependent gal transcript (Fig. 1-9). The appearance of these 


_ products was also sensitive both to the effects of SAH (Fig. 1-10) 


and to the introduction of the gal E ochre chain-terminating 
mutation (Fig. 1-12). These minor products probably result 
from premature termination of either gal E transcripts or trans- 


- lation products and were not further characterised. 
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Fig. 2 Composite autoradiograph of a gel analysis showing the *’S- 
methionine-labelled products synthesised in wheat-germ extracts in 
response to RNA transcribed in vitro from the indicated phage DNAs (1-4) 
and a competition experiment comparing the relative translational efficien- 
cies of cro, gal E and Hb mRNA (5)-(7), see below and text for details). 
Translation reactions 1-4 were carried out (as in Fig. 1) using the following 
components: (1) no added RNA (endogenous); (2) T7 early RNA (2.0 ug 
total RNA containing ~1.0 pmol of polycistronic T7 mRNA); (3) same as 
(1); (4) A * RNA, transcribed in the absence of rho factor (2.0 ug total RNA 
containing ~1.0 pmol of the p,-initiated polycistronic cro mRNA). Trans- 
lation reactions (5)-(7) were carried out (+5 uM SAM) in reaction mixtures 
(50 ul) containing only 50% the wheat-germ extract (5 ul) as was used in all 
previous reactions (see Fig. 2 of the accompanying paper). This ‘diluted’ 
cell-free system was found to be saturated for translation of 3.0 pmol of 
Hb mRNA. Translations were carried out with the following components: 
(5) Hb mRNA only (3.0 pmol); (6) Hb mRNA (3.0 pmol) + Apgall8 RNA 
(containing ~0.5 pmol of cro mRNA and even less (but an undetermined 
amount) of gal E mRNA (see text)); (7) Apga/18 RNA only (as in (6)). RNA 
was transcribed from T7 DNA as previously described’’, with the following 
modifications: reaction volume (1.0 ml); T7 DNA (100 ug ml); RNA 
polymerase (50 ug ml~'). The T7 RNA directed translation products were 
identified by comparing their electrophoretic mobilities with those T7 
products identified by Anderson et al.'”. Apparent A translation products 
(+), other than cro polypeptide, were not identified. Gel analyses of 
translation reactions (1)-(4) were autoradiographed for ~24 h (twice the 
exposure time of all other gel analyses). 


gal E from another mRNA 


Experiments similar to those described above were also carried 
out with RNA transcribed in the presence of glycerol using the 
Apgal8 DNA template. Glycerol affects the level of RNA 
synthesis occurring from both the A and gal promoters'*. CRP- 
cyclic AMP-independent gal transcription (from start site S,, 
Fig. 3) is increased 8-10-fold, whereas transcription of the Ap, 
operon is enhanced only twofold". 

RNA was purified from a glycerol-stimulated transcription 
reaction and translated in the standard wheat-germ cell-free 
system. Again, two major protein products were synthesised: 
the 7,500-dalton cro protein and the 38,000-dalton gal E 
protein (Fig. 1-15). The translation system seems to have 
responded to the glycerol-enhanced levels of both cro and 
gal RNA (compare with Fig. 1-14). Using the same criteria as 
before, these transcripts were also shown to require cap 
modification for their translation in the wheat-germ extract (see, 
for example, Fig. 1-16). 

gal mRNA stimulated with glycerol initiates at start site S, 
and has a 5’-non-coding region 32 nucleotides long'*. This 
places the cap structure 5 nucleotides farther from the 
presumptive gal E initiation site than occurs on the CRP-cyclic 
AMP-dependent,_S,-initiated mRNA. Although both 
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galmRNAs are dependent on cap modification for their 
efficient translation in the wheat-germ system, these two 
messages exhibited different translation efficiencies. Approxi- 
mately twice the amount of gal mRNA is made in the CRP- 
cyclic AMP-dependent transcription reaction compared with 
the glycerol-stimulated reaction’*. However, the more abun- 
dant CRP-cyclic AMP-dependent S, mRNA directed synthesis 
of less (~50%) gal E protein than did the glycerol-induced S, 
mRNA (compare Fig. 1-9, 15). Assuming that cap modification 
occurs to similar extents on the two different mRNAs, then the 
S.-promoted mRNA is being translated 4-5-fold more 
efficiently than the $,-promoted mRNA. 

It was surprising that the gal mRNA was translated more 
efficiently when the cap moiety occurred 5 nucleotides farther 
from the translation start point. Presumably, the translational 
differences exhibited by the two gal mRNAs reflect the cor- 
responding differences in their 5'-terminal structures (Fig. 3). 
The primary structural differences may affect the higher order 
structures (secondary and tertiary) exhibited by the non-coding 
leader regions of these two RNAs. Thus, the overall structure of 
the regions involved in recognition and initiation of gal E 
translation may be different in the two gal messages and thereby 
account for the differences in their translation efficiencies. As 
the translation system is derived from wheat-germ and requires 
cap modification of the gal mRNAs, the observed effects may be 
specific for translation in this particular system and therefore 
somewhat artefactual. 

Alternatively, it is possible that the wheat-germ system is 
recognising and responding to a translational regulatory 
mechanism normally used to regulate gal enzyme levels in 
bacteria. The gal operon is known to be coordinately expressed 
when cells are metabolising galactose''. In the absence of galac- 
tose, however, gal E expression is constitutively required for 
bacterial cell-wall synthesis'’. It has been postulated that the 
dual promoter system of gal regulates these different require- 
ments for gal enzyme levels. Recent experiments (S. Adhya, 
personal communication) further indicate that, in vivo during 
CRP-cyclic AMP-independent gal expression, gal E activity is 
fourfold higher (whereas gal K activity is lower) than during 
CRP-cyclic AMP-dependent gal expression. If (as in vitro) the 
CRP-cyclic AMP-independent promoter (from S,) is less 
efficient at gal transcription than the CRP-cyclic AMP-depen- 
dent promoter (from S,), then perhaps the higher levels of gal E 
activity observed in the absence of CRP-cyclic AMP can be 
accounted for by more efficient translation of the S>-initiated 
mRNA. If this is the case, then the wheat-germ components may 
not only be efficiently translating the cap-modified prokaryotic 
mRNA, but may also be responding to other translational 
regulatory signals encoded within these transcripts. 


Efficiency of capped and uncapped 
prokaryotic mRNAs 


Identical amounts (~0.5 pmol) of cro mRNA were added to 
each of the translation reactions depicted in Fig. 3 of the 
accompanying paper. However, the amounts of cro protein 
synthesised in each of these reactions differed, due to the 
different relative extents to which the cromRNA had been 
cap-modified in the various reactions. Approximately 60% of 
the cro mRNA (0.3 pmol) was shown to be cap-modified using 
the vaccinia enzyme. Translation of this RNA resulted in a 
>10-fold enhancement in cro protein synthesis, as compared 
with direct translation of the A transcript (see accompanying 
paper’, Fig. 3-2, Fig. 3-6). If the translational activity exhibited 
by the cro mRNA is proportional to the number of functionally 
capped transcripts, then the amount of cro product obtained 
from direct translation of the A RNA represents cap 
modification of <6% of the input RNA (that is, <0.03 pmol). 
Addition of SAM to the translation system was shown to 
stimulate cro translation about threefold. Thus, the wheat-germ 
extract seems to be capable (in the presence of SAM) of cap 
modifying about 15-20% of the input cromRNA (that is, 
~0.1 pmol) and translating it with relatively high efficiency. 
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Our ability to detect readily the synthesis of the prokaryotic. 


gene products in response to such small quantities of RNA is 
unprecedented. Other workers have reported accurate trans- 
lation of.several prokaryotic RNAs in various eukaryotic trans- 
lation systems!” 7. The quantities of RNA used in these studies 
and (where. data are available) the relative yields of protein 
synthesis obtained suggest significantly lower translation 
efficiencies than.those reported -here for the cap-modified pro- 
karyotic mRNAs. We were also able to demonstrate relatively 
low-level, cap-independent translation for several ae 
mRNAs. Transcripts were prepared using bacteriopha ge T7 
DNA as template (see Fig. 2 legend). Anderson et al.’ have 
demonstrated that T7 RNA is accurately translated in both a 
wheat-germ and a mammalian cell-free translation system. 
Furthermore, translation of this RNA was. shown to be 
completely. independent of cap modification. Although our 
results agree with theirs, we find that the T7 RNAs are trans- 
lated relatively poorly when compared with the cap-modified A, 


gal, or haemoglobin (Hb) mRNAs. Translation of 10-fold more - 
T7 RNA (~1.0 pmol, Fig. 2-2) than capped cromRNA 


(0.1 pmol; see accompanying ‘paper, Fig. 3-4) resulted in ‘the 
synthesis of significantly less T7 protein. It is difficult to compare 
precisely the synthesis: of the T7 proteins with that of cro, as the 


number of methionine residues contained in the T7 protein is | 


not known. Even if we assume that each of the T7 proteins 
contains only two methionine residues (as does cro), then their 


efficiencies of translation were 50-100 times lower than for cro. - 


Results similar to those-observed with the T7 proteins were 
also obtained: for several.A proteins. Addition of more poly- 
cistronic A mRNA to the wheat-germ translation system and 


longer autoradiographic exposure times allowed detection of. 


several other A specific protein products (Fig. 2-4). Some of 
these polypeptides have MWs consistent with proteins known to 
be encoded by the polycistronic A RNAs. These products have 
not been further characterised. Thus, the wheat-germ trans- 
lation:components can recognise and initiate translation of these 
other prokaryotic. gene products, albeit at lower efficiency. 
Comparison (within the same reaction, Fig. 2-4) of the low-level 
synthesis of these proteins with the level of cap-dependent 
synthesis of cro, clearly demonstrates the importance of the cap 
structure for the efficient translation of the first gene in the 
polycistronic transcript. 


Efficiency of cro and Hb | | 

The translation efficiency of the cap-modified prokaryotic 
mRNAs was also compared with that of purified Hb mRNA. 
Both.cro protein and Hb protein. have identical methionine 


contents and-thus their abilities to be translated can_be. 
compared directly. In separate translation reactions, cap-. 


modified cro RNA (~0.3 pmol) was shown repeatedly to direct 
higher levels of protein synthesis than did twice the amount of 
Hb RNA (~0.6 pmol; see- accompanying paper, Fig. 3-6, Fig. 
3-15). The capped prokaryotic transcript consistently translated 
about. fivefold more efficiently than did Hb RNA in the wheat- 
germ extract. Experiments similar to these (unpublished). were 
also carried out using the standard reticulocyte lysate translation 
system. Again, cro RNA, cap-modified before translation with 


the vaccinia enzymes, was translated more. efficiently than Hb ‘ 


RNA. 

_ The remarkable ability of the capped, prokaryotic mRNA to 
be efficiently translated .was even more pronounced when 
compared directly with HbmRNA in the same translation 
reaction. Limiting conditions were found (legend to Fig. 2) in 
which the translation system was apparently saturated for the 
translation of Hb RNA. Using these conditions, RNA which had 
been prepared from a Apgal8 DNA template (in the.presence of 
CRP-cyclic AMP). was added to the translation reaction 
(+SAM) simultaneously with saturating amounts of Hb mRNA 
(3.0 pmol). Although Hb RNA was present in about sixfold 
greater excess than total cro mRNA (~0.5 pmol), we observed 


a sharp reduction in the ability of the system to synthesise Hb . 
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Fig.3 The 5'-terminal nliclestuide sequences of the RNA transcripts which . 
encode the Acro protein (from promoter p,)**’, the AcII protein(s) (from 
promoter c17)°, and the E. coli gal E protein (from the dual promoters 
pgal)'*-"*, The presumptive translation start sites for each polypeptide being 
translated in the wheat-germ cell-free extract is indicated AUG. The region 
of the RNA which precedes the AUG initiation codon for each protein, and ' 
which exhibits the most extensive complementarity to either the 3’-end of 
the prokaryotic 16S rRNA component (underlined) or the 3’-end of the 
eukaryotic 18S rRNA component (overscored) is also shown. The presump- 
tive protein initiation sites for both cII proteins (cIa and cIIb, see text) are 
indicated on the c17 promoted transcript. The smaller polypeptide (cIIb) 
starts 22 amino acid residues (66 nucleotides) downstream from the start of 
the larger polypeptide (cIla). The two transcription start sites (S, and S,) for 
gal mRNA synthesis are also shown!* 


protein. Concomitantly, both cro and gal E proteins were 


readily produced (compare Fig. 2-5, Fig. 2-6). As the added — | 


prokaryotic mRNA had to be cap-modified during the trans- 
lation reaction (in the presence of SAM), only 15-20% of the 


input cro message (that is, 0.1 pmol) accounted for the cro 


protein synthesised. Thus, the translation products shown in Fig. 
2-6 actually represent those resulting from translation of an 
effective 30-fold difference in the amounts of capped cro and 
Hb mRNA (an even greater difference for the gal mRNA). The 
cap-modified prokaryotic message is clearly very efficient at 
competing for limiting eukaryotic translational components. 


Other implications 

We have demonstrated the importance of the cap structure for 
obtaining efficient translation of certain prokaryotic mRNAs in 
a eukaryotic cell-free system. It is remarkable that cap 
modification of these transcripts is sufficient to result in their 
expression at levéls which simulate (and actually surpass) those . 
normally exhibited by many capped eukaryotic mRNAs. Our 
results -indicate that, except for the cap modification, these 
prokaryotic mRNAs must contain all the essential structural 
information required for proper recognition and efficient 
synthesis by the eukaryotic translational components. 
Apparently strong evolutionary constraints have been placed on 
that portion of the mRNA structure that initiates translation, as 
well as on those regions of the ribosome which correspondingly 
interact with this RNA structure. 

As the prokaryotic message does not require the cap structure 
for its normal expression in bacteria, our findings suggest that 
the steric requirements necessary for normal cap function are . 
not too stringent. The. positioning of the 5’-capped end of an 
RNA, however, is clearly subject to some structural limitations. 
Cap-dependent translation of the AcII gene was only obtained 
by positioning the cap structure nearer the cII coding region 
(through the c17 mutation). The same cII coding information 
positioned ~330 residues from the cap structure was not trans- 
lated effectively. RNA structural effects were also implicated in 
the apparent differential translation observed for the gal E 
protein from the two gal mRNAs. These observations suggest . 
that prokaryotic and eukaryotic mRNAs may contain similar 
higher order structural requirements in those parts of the RNA 
molecule which are necessary for.ribosome recognition and the 
initiation of protein synthesis. 

Other signal sequences occurring on mRNA have been . 
implicated in translational regulation****. The prokaryotic 
mRNA contains a region (of variable length) just preceding the 


: AUG initiation codon (at a ‘reasonably conserved distance), 


which is complementary to the 3’-terminus of the bacterial’ 
16S:rRNA components” ”*, There is-evidence that this region 
and its interaction with the 16S rRNA. are idin in the 
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translation of at least some prokaryotic mRNAs. It has also been 
suggested that the 5'-non-coding region of the eukaryotic 
mRNA may contain a similar type of recognition signal which 
correspondingly interacts with the 3’-end of the eukaryotic 
18SrRNA component*’. However, the heterogeneity in size 
and nucleotide sequence of the 5’-non-coding region of the 
eukaryotic mRNAs suggest that, except for the AUG initiation 
codon, it 1s difficult to find a conserved region which exhibits the 
necessary complementarity’*”’. 

The prokaryotic mRNAs used in our studies also exhibit little 
complementarity (except for the AUG initiation codon) to the 
3'-end of the eukaryotic 18S rRNA. The Acro and cH mRNAs, 
for example, can form only 3 A - U base pairs with the eukary- 
otic rRNA component. In contrast, these same mRNAs exhibit 
relatively extensive complementarities to the bacterial 
16S rRNA component (Fig. 3). The ability of the prokaryotic 
mRNAs to be translated so efficiently by the wheat-germ system 
suggests that the necessity for the complementarity feature has 
been markedly diminished in the eukaryotic translation system. 
Although it is possible that an alternative recognition signal(s) 
has evolved in the eukaryotic mRNA, this signal should not be 
present in the prokaryotic message. As cap modification is the 


1. Paterson, B. M. & Rosenberg, M. Nature 279, 692-696 (1979). 
2. Roberts, J. W. Nature 224, 1168-1174 (1969). 
3. Roberts, J. W. Cold Spring Harb. Symp. quant Biol. 38, 121-126 (1970). 
4. Rosenberg, M., de Crombrugghe, B. & Weissman, $. J. biel. Chem. 250, 4755-4764 (1975), 
5. Rosenberg, M., Court, D., Shimatake, H., Brady, C. & Wulff, D. Nature 272, 414-423 
{1978). 
6. Pereira da Silva, L. & Jacob, F. Annis Inst. Pasteur 118, 145 (1968). 
7. Allet, B. & Solem, R. J. molec. Biol. 88, 475~484 (1974). 
8. Reichardt, L. F. J. molec. Biol. 93, 267-288 (1975). 
9. Schwarz, E., Scherer, G., Hobom, G. & Kossel, H. Natsre 272, 410-414 (1978). 
10. Lathe, R. & Lecoeq, J. P. Virology 83, 204-206 (1977). 
Li. Echols, H., Reznichek, J. & Adhya, 5, Proc. natn. Acad. Sci. U.S.A. SQ, 286-293 (1963). 
12. Shapiro, J. A. & Adhya, S, L. Genetics 62, 249-264 (1969), 
13. Musso, R. DiLauro, R., Rosenberg, M, & de Crombrugghe, B. Proc. natn. Acad. Sci. 
U.S.A. 74, 106-110 (1977). 
14. Musso, R., DiLauro, R., Adhya, $. & de Crombrugghe, B. Ceil 12, 847-854 (1977). 
15. Nakanishi, $., Adhya, $., Gottesman, M. & Fastan, L J. biol. Chem, 249, 4050-4056 (1974). 
16, Musso, R. et al, Proc. natn. Acad. Sci. USA. 71, 4940-4944 (1974). 


701 


only alteration required for efficient translation of the prokary- 
otic mRNA, perhaps the cap moiety now fulfills this recognition 
function. 

The ability of the cap-modified prokaryotic message to 
compete efficiently with even saturating amounts of a eukaryotic 
mRNA (Fig. 2-6) suggests the possibility of obtaining high-level, 
functional expression of prokaryotic genes on their introduction 
into eukaryotic cells. Of course, appropriate transcriptional and 
post-transcriptional modification of the prokaryotic sequences 
would be required. Furthermore, it may be possible to increase 
the level of synthesis of essentially any gene product within a 


eukaryotic cell. Those prokaryotic sequences which contain 


highly efficient recognition signals for eukaryotic translational 
components (for example, 5’-non-coding region of the Acro 
gene) could be fused (using available genetic engineering tech- 
niques) to eukaryotic sequences encoding protein structural 
information. Experiments of this nature are under way. 
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A kinematic model for $8433 


THE bizarre object $8433, first noted because of its Ha emis- 
sion’ and most recently because it is the optical counterpart of a 
variable radio and X-ray source’, exhibits an extraordinary 
optical spectrum’. Three sets of emission lines of hydrogen and 
helium appear: one is near zero radial velocity (less than 


180 kms~'), and the other two show large and variable shifts to 
the blue and red. These shifts are almost unquestionably due to 
the Doppler effect, as multiple lines with constant z=AA/A 
have been identified in both the red and blue systems®®. The 
observed range of shifts’ corresponds to velocities from 0 to 
~30,000kms™' in the blueshift system, and 11,000 to 
48,000 kms” in the redshift system, with the two sets of lines 
moving ~ 180° out of phase with each other. At present the red- 
and blueshift variations seem periodic, with a period of about 
164 d, based on the observation of parts of three cycles’”. 

The emitting regions giving rise to the variable wavelength 
systems cannot be objects in mutual orbital revolution, for witha 
164-d period and velocities of 0.15 c, keplerian orbits would 
have light-crossing times of the order of weeks, and the blue- 
and red-shifted emission lines could not continue to have simul- 
taneous oppositions. The emission, therefore, must come from 
regions relatively close to a central object. A lower limit on the 
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distance to $5433, based on interstellar line strengths and 
velocities’, is about 3.5 kpc. The low velocity of the zero- 
redshift system suggests that the object is probably galactic, 
although certain ad hec extragalactic hypotheses cannot be 
ruled out. 

Milgrom’, independently of the present work, has also noted 
that the variations in redshift could be periodic and sinusoidal, 
and he considered several possible models to account for the 
variable velocity systems, including what we believe to be the 
correct one. In our judgement, Milgrom showed remarkable 
insight in interpreting the few data’ then available to him. Now 
the much expanded observations? are sufficient to narrow the 
possibilities substantially. 

We suggest here that the radiation with variable Doppler shift 
is emitted by hot matter ejected by the central object at high but 
nearly constant velocity in oppositely directed narrow streams, 
possibly along a magnetic axis. Rotation of the beam axis 
provides the observed radial velocity variations. This model is 
thus a modification of that proposed for $8433 by Fabian and 
Rees’, where the beam velocity is modulated to create these 
variations. In our interpretation for S9433, as the matter reaches 
a critical distance from the central object, it cools sufficiently to 
recombine and give rise to the observed emission. The sta- 
tionary system of lines may originate from low velocity gas in the 
vicinity of the object or possibly from matter ejected at an earlier 
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time and later re-excited. The radiating matter could also be 
infalling along a collimated axis, although the source of such 
matter then requires special explanation. Conversely, the matter 
can be ejected (or infalling) isotropically from (or onto) the 
object, and be illuminated by two ionising radiation beams from 
the centre. The problem of accounting for the copious source of 
material in the latter case is far from trivial. We are concerned 
here not with a specific mechanism, but rather with a kinematic 
model that accounts for the current observations; it is very 
similar to model 3 suggested earlier by Milgrom’. Our model 
includes specific predictions regarding the behaviour of the 
variable velocity components during the as yet unobserved 
portions of the 164-d period. In particular, the behaviour in the 
summer of 1979 is predicted to show correlated variations with 
much lower amplitude than previously observed. This asym- 
metric behaviour, if observed, will provide some guide to the 
range of astrophysical mechanisms involved, and also yield 
direct observational evidence that the system period is actually 
164 d, and not an integer multiple thereof. 

We assume that the beam axis rotates with angular velocity 
w =27/164d. Although the cause of this rotation is unim- 
portant to our simple kinematic description, note that the 
extremely high ratio of total system luminosity to the rotational 
energy of a compact star with a 164-d period implies that simple 
stellar rotation locked to the beams may not be the basic 
underlying system clock; precession is a possible alternative’. 
Let the line-of-sight lie along a unit vector n, inclined at angle i 
to the beam rotation axis. As the beam axis rotates, the jets of 
flowing matter, orientated at angle @ to the rotation axis, 
describe a conical motion about this axis, with period 164 d. Let 
the matter stream in opposite directions at speed v (in units 
where c = 1), and let V be the velocity vector of the stream in the 
same hemisphere as fi. The direction cosine, /, of the angle 
between V and ñ is 


Vv. 
| = — ñ= sin i sin 8 cos wt +cos í cos @ 
V 


= a cos witb (1) 


The corresponding direction cosine, /’, of the angle between the 
line of sight and the opposite stream is 


l = —] = -a coswt—b (2) 
Note that 


a+b = cos |8 — i! 
and (3) 
b-a =cos (80 +i) 


The Doppler shift is simply 
l+z=y(1+lv) (4) 


where / must be the direction cosine in the frame of the observer, 
and y = (1 — v’). The observed Doppler shifts of the streams 
with direction cosines / and /’ are thus: 


(1+z)=y(1+va cos wt + vb) 


(5) 


(1+2z')=y(1—va cos wt~vb) 


Thus va and vb are determined conveniently by observations of 
the ratio of (1 +z) to (1+2z') at any two phases and v follows 
from equations (5). 

Figure 1 shows the measured Doppler shifts of S8433 
obtained on 55 nights between June 1978 and April 1979, and 
folded with a 164-d period. These data were obtained from refs 
5, 6 and 8, as well as re-interpretation of datat’? where 
wavelengths of the moving features were tabulated, but not 
previously interpreted as the Doppler effect. Note that a con- 
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Fig. 1 Red- and blueshifts of 58433, measured on 55 nights 

during 1978-79, from sources cited in the text. The data have been 

folded with a 164-d period, and slightly more than one cycle is 

shown for clarity. The phase convention is arbitrary; as shown here, 

phase zero occurs on approximately 17 January 1979. The solid 

line is the prediction of the theoretical mode] described in the text, 
for beam velocity v = 0.270. 


tiguous 35% portion of the entire cycle has never been obser- 
ved. We take the point of largest amplitude of the radial velocity 
curves to correspond to the phase where cos wt = 1 (a choice of 
cos wf = —1 is simply a rotation of coordinates through 180°, and 
does not change the solution). Then the phase cos wt = 0 occurs 
at one-fourth cycle on either side of the maximum, and is a 
convenient second measurement point in our data. From Fig. 1 
we find that the amplitudes of the radial velocity curves at the 
two relevant phases are: for cos wf = 1, (1+z) = 1.175 +0.005 
and (1+2z’)=0.903+0.005; and for coswt=0, (1+z)= 
1.095+0.007, (1+2z')=0.982+0.005. We thus derive va = 
0.0765, vb = 0.0544 and v = 0.270. 

We cannot rule out a zero-point offset, A, in the observed 
velocities due either to a cosmological (Hubble) redshift or 
gravitational redshift. Note, however, that the solution for va 
and vb, as described above, is independent of v. Because each 
depends on ratios (1+z)/(1+2z'), va and vb are also very 
insensitive to choices of moderate values of A. Thus va and vb 
are well determined; a choice of A determines v, and vice versa, 
but a range of values of A and v are compatible with the data. 
However, a value of v > 0.270 requires a positive value of A, 
which if cosmological, requires that the system of stationary 
lines arises from gas with a velocity cA in our direction, acci- 
dentally cancelling A, and which if gravitational, poses severe 
difficulties in finding astrophysical mechanisms for the emission. 
To minimise such astrophysical problems and assumptions, we 
adopt A=0 and v =0.270. Then equations (5) generate the 
variation of (1+z) and (1+2z’) with phase, shown as smooth 
curves in Fig. 1. 

We find the angles i and 6 from equations (3), but cannot tell 
which is which, that is (i, 6) = (78°, 17°) or (17°, 78°). The fact 
that the beams are found to lie at least 61° from the line of sight 
at all phases implies that any 164-d phase dependence of the 
moving system linewidths, caused by viewing the angular spread 
of the beam from different orientations, should be less than 
13%, too small to be observable in our data sample. 

Equations (5) also describe the situation” in which a rapidly 
revolving disk or ring of gas in a plane is illuminated by two 
pencil beams of ionising radiation from the central object, with a 
164-d period of rotation. In this case, however, because the 
velocity variations are always confined to this plane, z =z’ at 
cos wt = 0, contrary to the observations of Fig. 1. Hence these 
ring or disk models must be ruled out. 

In conclusion, Fig. 1 predicts that on or about 1 July 1979 the 
two moving emission line systems in SS433 will briefly merge. 
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into one, similar to a previously reported episode’, and that for 
the following 40 days the lines will separate again, but by an 
amount much less than previously observed. 

We thank Drs H. Ford, J. Katz and J. Roberts for discussions, 
and R. Downes for aid in the data analysis. This work was 
supported in part by the US NSF. 
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Is Cassiopeia A a black hole? 


IT is rather curious that no European astronomer observed the 
supernova which occurred in our Galaxy in about 1668 and left 
the remnant Cassiopeia A. However, if the absolute magnitude 
of the supernova is Myv = —19 mag, the interstellar absorption is 
Ay =4.3 mag (ref. 1) and the distance is 2.8 kpe. Then its 
maximum visual magnitude should have been about —2.5 mag. 
Even ~100 d after the event, the supernova should have been as 
bright as any star in the Cassiopeia constellation. The fact that 
no such object was recorded suggests that the optical luminosity 
of the supernova may have been several orders of magnitude 
lower than the usual value. This note argues that the low 
luminosity of Cas A may be an indication that the product of the 
explosion is a black hole. 

Recently Chevalier’ hypothesised that Cas A was a ‘dwarf’ 
supernova born in the explosion of a fairly massive compact star 
whose photosphere extended not more than 10'*~10'* cm and 
which had lost its hydrogen-rich envelope during its evolution. 
The fact that pre-type I-supernovae are also compact objects 
which lost their hydrogen envelopes during their evolution? 
conflicts with that hypothesis. Formation of a rapidly rotating 
magnetised neutron star (that is, a pulsar) during the collapse 
causes powerful optical emission from supernovae of this type. It 
is the pulsar that is pumping energy into the expanding and 
adiabatically cooling shell of the exploded star. Recent cal- 
culations’ have shown that such a ‘slow’ pumping of energy (as 
compared with the instantaneous explosion assumed in the 
previous models) can ensure the light curve observed for type I 
supernovae. 

Since no sufficiently powerful optical emission was observed 
in the ‘compact’-supernova event of 1668, we must conclude 
that, for some reason, it was not accompanied by the formation 
of a neutron star. It follows from X-ray radiation analysis of Cas 
A (ref. 5) that much gas (3-6 Mẹ) was ejected during the 
explosion. 

All these observations indicate that the star which exploded 
and gave birth to Cas A was a very massive object. The analysis 
of X-ray observations, for example, implies that the mass of the 
hydrogen-rich shell which the star lost in the pre-explosion stage 
was at least 10 Ma. Therefore, when it had been on the main 
sequence its mass was not less than 20 M p. This accounts for the 
unique character of the Cas A source: although it is already 
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about 300 yr old, there is no source brighter than Cas A among a 
dozen younger sources in the Galaxy. Why it is unique is 
obvious: very massive stars seldom form. 

The example of Cas A shows that high mass stars first detach 
their hydrogen-rich shells and then—after about 10° yr—they 
explode without giving birth to a neutron star and without the 
associated intense optical outburst. (Note that if a neutron star 
had formed after the Cas A explosion a point source of soft 
X-ray radiation would be observed there; a neutron star could 
not cool down to less than 3 x 10° K in 300 yr®.) 

Thus after the explosion the star must either have completely 
dispersed, or most of its mass must have collapsed into a black 
hole. It is not yet possible to choose between these alternatives; 
but it is likely that in Cas A the gravitational collapse ended in 
the formation of a black hole. First, it follows from the relatively 
small mass of the hydrogen-depleted part of the exploded star 
(the part observed as fast moving filaments) as compared with 
the earlier-detached hydrogen rich shell. The chemical 
composition of the material in the fast-moving filaments is the 
most important argument favouring the conclusion that a black 
hole formed during the Cas A supernova event. The absence of 
elements of the Fe-group is highly characteristic of the spectrum 
observed for the fast-moving filaments. However, theoretical 
calculations of the star’s expansion’ lead us to expect that at least 
~} Ma of the exploded star should have transformed into 
Fe-group elements. In that case the spectrum of fast-moving 
filaments would inevitably have Fe H lines, in particular, the 
intense A4570 line. 

Thus the observations strongly support the conclusion that a 
black hole formed after the Cas.A outburst. 
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Millimetre and submillimetre 
measurements of the Crab Nebula 


THE flux from the central region of the Crab Nebula in three 
broad spectral passbands with flux-weighted mean wavelengths 
of 300 pm, 400 um and 1 mm have been measured. We report 
here that the inferred total flux densities for the entire nebula 
(Table 1) are consistent with an extrapolation of the power law 
spectrum found at longer wavelengths’. 

The 300 and 400 um observations of the Crab Nebula were 
made with the University of Chicago //13 photometer on the 
NASA Kuiper Airborne Observatory in September 1978. The 
detector was a Ga~Ge bolometer with heat trap field optics’. 
The system had a focal plane aperture of 1.9’ and a chopper 
throw of 5.0’. The photometric pass bands were defined at short 
wavelengths by interference filters and at long wavelengths by 
diffraction and by the transmission characteristics of the light 
collector. We have measured the relative response of the pho- 
tometer in the laboratory using both a grating spectrometer and 
a Fourier transform spectrometer. The two pass bands are 
shown in Fig. 1. W51 was used as the calibration source, 
assuming a spectrum of the form vB,(T) where 7B,(T) is the 
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Fig. 1 Relative responses of the passbands used for airborne 
observations. The solid and dashed curves have mean wavelengths 
of 300 um and 400 um, respectively. 


Planck function. For a 1.9’ aperture centred on the sub- 
millimetre peak of W51, we have assumed T = 40 K and have 
normalised the function such that the flux density at 200 um is 
24,000 Jy. These parameters give a good fit to measurements in 
the range 80< A = 540 um (refs 3-5) allowing for the effects of 
beam size. The signal-to-noise ratios for the Crab Nebula 
observations were 9 for the 300 um pass band and 3.6 for the 
400 um pass band. 

The 1-mm measurement was made with the Chicago f/7.5 
photometer at University of Hawaii 2.2 m telescope at Mauna 
Kea in September 1977. This detector also uses a Ga-Ge 
bolometer with heat trap field optics. The focal plane aperture 
and chopper throw were 3.2’ and 8.0’ respectively. The spectral 
response was defined by a helium temperature filter of fluoro- 
gold and black polyethylene, by the transmission of the atmos- 
phere, and by diffraction. Jupiter was used as the calibration 
object with an assumed 750 um brightness temperature of 
162 K (ref. 6). The Crab Nebula observations had a signal-to- 
noise ratio of > 6. 

We derived flux densities from the observed signals by the 
methods described in ref. 7. The spectrum of the Crab Nebula 
was assumed to be proportional to v~°*® in agreement with the 
radio spectrum; a change of + 0.25 in the assumed spectral index 
produces a change of <3% in the derived flux densities. To 
allow for the effects of diffraction on the spectral response, we 
have assumed a gaussian source profile, convolved the assumed 
source with a diffraction pattern, and calculated the fraction of 
radiation within the focal plane aperture as a function of 
wavelength. The total flux densities in Table 1 were derived 
assuming a source size of 2.3 x 3.6’ FWHM”. Errors of +0.3' in 
both source dimensions result in errors of < 10% in the obser- 


Table 1 Submillimetre flux density of the Crab Nebula 


Mean wavelength Observed flux density Total fiux density 
(um) (Jy) (Jy) 
300 35 + 8* 135+41it 
400 41+ 14* 158+ 637 
1,000 75419% 131442 


*Into a 1.9’ aperture. The error includes a 20% contribution from 
uncertainties in absolute calibration and in the assumed source spec- 
trum. 

t Assuming a gaussian source with FWHM of 2.3’ x 3.6’. The error 
includes an additional 20% contribution due to the extrapolation to 
total flux density. 

t Into a 3.2’ aperture. The error includes a 20% contribution from 
uncertainties in absolute calibration, assumed source spectrum and 
atmospheric water vapour. 
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ved flux density, but lead to errors of 15-20% in the extrapola- 
tion to total flux density. The estimated error in absolute cali- 
bration is =20%. 

Werner et al.” have also measured the total flux density of the 
Crab Nebula at 1 mm. Their value, 300 80 Jy, is much larger 
than ours. The discrepancy is due primarily to the different 
methods used to obtain the total flux density. Werner et al. used 
a 1‘ beam to map the source and derived a total flux density from 
integration of their map. Their map shows a source with FWHM 
of 4.5’ x 2.5’, although this size is somewhat uncertain due to the 
low signal-to-noise ratio in the outer regions of the map. The 
larger size leads to a higher total flux density. If we derive instead 
a total flux density from their observed central surface bright- 
ness and our assumed source size, we get a value of 210 Jy, in 
much better agreement with the value in Table 1. The question 
of the source size at wavelengths =< 1 mm deserves further study. 

The total flux densities in Table 1 are consistent with a 
continuation of the radio spectrum into the submillimetre region 
with no change in slope (Fig. 2) although the errors would allow 
a change in slope of 0.25. However, the present data can be used 
to exclude more radical departures from the extrapolated radio 
spectrum. Kirshner’, for example, has suggested that the radio 
spectrum might steepen above 15 GHz. The resulting sub- 
millimetre flux densities would lie almost a factor of 3 below our 
measured values. 

The present data show no increase in flux density at short- 
wavelengths which could be attributed to thermal radiation from 
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Fig.2 Spectrum of the Crab Nebula. Data sources: ©, this paper; 
2.7 mm, ref. 8; 1 mm, ref. 9; 20 pm, 11 pm and 4.2 wm, ref. 12; 
4.75 am, 2.2 um, 1.65 ym and 1.55pm ref. 13; 3.5 pm and 
2.2 um, ref. 14; 100 um, ref. 15; radio and [R-opticai fits, ref. 1. 


dust. From our measurement at 300 um we may place an upper 
limit on the dust emission within the range 170<A <900 um 
equal to the observed flux, vF, <1.3x10°'? Wm’. For dust 
spectra which have their peaks in this wavelength range, cor- 
responding to T < 20 K, our result improves the UCL limit of 
2x10°'° W m” between 40 and 350 pm”. 

At 100 um the best limit on the flux of the Crab Nebula is 
F,<275 Jy, which gives vF,<107'' Wm’. We conclude 
that the luminosity of dust emission from the Crab Nebula is less 
than 1300 Lo for dust with temperatures <= 40 K, but that there 
could be as much as 5 x 10° Lo emitted by dust with T ~ 120 K. 

We thank J. Goebel of NASA Ames Research Center and M. 
Bergren of the University of Chicago for help in measuring the 
transmission curves, and the staffs of the Kuiper Airborne 
Observatory and of the Mauna Kea Observatory for the obser- 
vational help. J.K. and S.E.W. thank the Fannie and John Hertz 
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Acoustic absorption 
by MgCO; ion-pair relaxation 


UNDERWATER sound propagation measurements in natural 
bodies of water frequently reveal attenuation anomalies that 
cannot be ascribed to known processes. When chemical relax- 
ations are suspected, the acoustic resonator—decay method has 
proved an effective means of investigation in laboratory condi- 
tions. By stepwise synthesis of an artificial medium of similar 
composition and measuring changes in decay rates, the respon- 
sible chemical constituents can be identified. Then by combined 
stoichiometry and acoustic measurements with different 
concentrations, the relaxation kinetics of the reacting species 
can be determined. We have shown previously by resonator 
measurements that the acoustic absorption in Lake Tanganyika 
is the result of a chemical relaxation involving magnesium and 
carbonic acid’. The same relaxation is also believed to be 
responsible for one of the absorption components in seawater’. 
We show here that the relaxation kinetics follow a two-step 
association of the magnesium carbonate ion-pair. 

If activity effects are neglected, the absorption arising 
from the slower second step of the two-step equilibrium 


0 ® 
A+B CD can be written 
a = marl /(f? +f?) (1) 
where f is the acoustic frequency and 
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Fig. 1 Measured decay rates against frequency for [NaCl]= 
0.4M and [CO2]=2.5 mM. @, [Mg]=5 mM, pH=9.0, pK45- = 
9.56. O, [Mg] = 50 mM, pH = 8.7, pK4ce = 9.17. 


The respective concentrations are given by A, B, C and D and 
the equilibrium constants by K, = C/AB and K,= D/C. The 
relaxation frequency is given by 


ki [E] H 


el 1+K, (A+B) 


where k; is the reverse rate constant of step two and K, = k3/k> 
where k} is the forward rate constant. The effective change in 
molar volume is given by AV=AV,+AV,/(1+K,(A+B)) 
where AV, and AV, are the molar volume changes of the 
respective steps. Other constants are: compressibility, By = 
1/poCo”’ where po is density and co is the speed of sound; gas 
constant, R and absolute temperature, T. 

In the present case let A=[Mg**] B=[CO3"] and C+D = 
[MgCO3]. As pH >7 is the domain of interest, the carbonate- 
bicarbonate equilibrium is the only concern*. The equilibrium 
constant is given by Koc = a;,[CO3” ]/[HCO3] where ay is the 
hydrogen ion activity. 

To avoid inherent problems at low ionic strengths, all 
measurements were made in 0.4M NaCl solutions. If other 
minor ion-pairings are neglected, the apparent equilibrium 
constant can be written’ 


K 5c = K2-(1+ K T[Mg?"]+ K 3[Na‘*]) (4) 


where K*=[MgCO3]/[Mg**][CO?7] and where K*?¥= 
[NaCO;]/[Na*][CO?"]. From this we have 


(3) 


x y 
l+xi+yoty 


where x=K4-/ay, y=K}Ħ$[Mg"] and [CO] is the total 
concentration. The apparent equilibrium constants were 
measured in a solution containing equal concentrations (1 mM) 
of NaHCO, and NaCO, which gives Kic ~an or pBKi- = pH 
(pH was measured by means of an Ag/AgCl] electrode). The 
value yo = K3[Na"] was determined from the change in Kie 
when the NaCl was added. The value of K * was then determined 
from the slope of K}c against [Mg’*] measured when MgCl, was 
added in steps. In the range of concentrations being considered, 
we have approximated [Mg**]~[Mg] where [Mg] is the total 
concentration’. 

Our attention has been drawn to ref. 6 which shows that 
MgCl” ion-pairing may also be important. To account for the 
reduced free ion concentration we can write [Mg’*]= constant 
x [Mg]. However, as KÝ was measured in identical conditions, 
its value must be correspondingly increased which leaves the 





[MgCO3] ~[CO,] (5) 


results of equation (5) unchanged. 


All measurements were made at 22°C. The resonator 
apparatus and procedures are described in ref. 2. 
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Figure 1 shows typical measurements of decay rates against 
frequency. The data are fitted by equation (1) which gives @max 
and f, for each set of experimental conditions. The a,,,,. values 
were normalised by the formula a. = Q@max(1+x)/x. Thus a is 
the value one would have for pH > pK 4c, that is, if all CO, were 
in the form of the three carbonate species. The values were 
converted from dBs_' to Nps ‘ by dividing by 8.7. 

The a... and f, data are shown in Fig. 2. The f, data were fitted 
by equation (3) using the measured value KŤ = K,(1+K.2)= 
160/M with K, =2 and k; =6x10*s *. The a» data were fitted 
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Fig.2 Absorption a, and relaxation frequency f, plotted against 
magnesium concentration for 0.4 M NaCl solution. Similar curves 
would be obtained for Lake Tanganyika conditions except that the 
[Mg] scale would be roughly an order-of-magnitude smaller 
because of the much greater values of Kj at low ionic strengths. 


using the value AV = AV,=12 ml/M in equation (2) and the 
measured value yo = 3.5 with x > 1 in equation (5). 

The agreement between theory and experiment shows that 
the absorption mechanism in question can be modeled as the 
two-step MgCO3 equilibrium in which the slower second step 
controls the relaxation process. The calculated rate constants 
should be valid for both Lake Tanganyika and seawater at 22 °C. 
It appears, therefore, that the earlier estimate of the Lake 
Tanganyika relaxation frequency (40 kHz) is too high. Present 
measurements indicate that it should be no greater than 30 kHz. 

Calcium ion-pairing may not entirely account for the reduced 
absorption when CaCl, is added '*; hence, a decrease in AV, 
may also be involved. In seawater, calcium evidently provides 
the coupling between the magnesium carbonate and the boric 
acid/borate equilibria that is responsible for an order of magni- 
tude increase in the relaxational absorption of the latter’. 
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Anomalous characteristics of the 
microcrystalline state of SiC fibres 


FIBRES of SiC are prepared’~* from the polycarbosilane which, 
in various forms, is made into a precursor by melt-spinning: the 
precursor is then heated to produce the SiC fibre. Ceramics are 
produced in this way by heating the organosilicon polymer. The 
organic precursor is prepared in a subtle form (for example, as 
fibres) which is extremely difficult to produce from an inorganic 
precursor. On heating the organic precursor a ceramic skeleton 
remains. This inorganic residue derived from an organosilicon 
polymer possesses characteristics not previously known and 
these are reported here. 

Table 1 shows a chemical analysis of the SiC fibre obtained 
after heat-treatment (1,300 °C) of the precursor fibre. Its atomic 
ratio is Si:C:O:H=1:1.46:0.36:0.03. Table 1 shows that the 
SiC fibre contains appreciable amounts of carbon and of oxygen 
which had been introduced by the heating of the precursor fibre. 
Assuming then that the oxygen is present in the fibre as SiO), the 
molar ratio of compounds in the SiC fibre is SiC:C:SiO,= 
1:0.78:0.22. 

The apparent density of the B-SiC fibre obtained by heating a 
precursor fibre at 1,300 °C is 2.6 g cm’, which is lower than the 
true density 3.2 g cm™° of B-SiC. 





Fig. 1 High resolution electron micrograph of a precursor fibre 
heat-treated at 1,300 °C. 
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Table 1 Composition (wt%) of fibres 





Si C O H 
Precursor fibre 46.8 38.1 0.82 7.40 
Fibre after curing 44.4 31.0 15.5 5.30 
SiC fibre 50.5 316 10.3 0.055 
SiC fibre after heat 
treatment at 1,250 °C ~ 51.3 23.9 18.5 0.015 





The SiC fibre possesses a high tensile strength (350 kg mm”), 
a diameter of 10mm and a high Young’s modulus (20 
tonnes mm`°). The fibre sustains a load of 200kgmm™ at 
1,250 °C for 3 d in air. Table 1 shows a chemical analysis of the 
SiC fibre after heat-treatment. Its compound molar ratio is 
SiC: C: SiO, = 1:0.59: 0.46; a lot of carbon still remains. 

The tensile strength and the Young’s modulus of the SiC fibre 
are independent of temperature (between room temperature 
and 1,400 °C) in vacuo’, and the strength at the high tempera- 
ture in air® is as good as other silicon carbide fibres”. 

SiO, is considered mainly to exist at the surfaces of the SiC 
fibre. We investigated how the SiC and the excess carbon come 
to exist in the fibre. 

It has been previously reported that in the SiC fibre, the SiC 
matrix is distributed uniformly as fine grains from the result of 
X-ray diffraction’. Figure 1 shows a high-resolution electron 


Tensile strength (kg mm~?) 





400 600 800 1,000 1,200 1,400 1,600 1,800 
Temperature (°C) 


Fig. 2 Variation of the tensile strength of precursor fibres with 
heat-treatment temperatures. 


micrograph of the powdered SiC fibre. The fibre was prepared 
by heating a precursor fibre at 1,300 °C in a vacuum. The lattice 
image corresponding to a 2.5 A interlayer spacing of B-SiC 
(111) planes and a 3.4 À interlayer spacing of graphite (002) 
planes are observed. The SiC is ultrafinely grained. Figure 1 also 
indicates a uniform distribution of fine grains of carbon sur- 
rounded by 8-SiC. It is difficult for the carbon in this condition 
to be oxidised. A high-resolution electron micrograph of SiC 
fibre after the 1,250°C heat-treatment was also taken. The 
distribution of carbon was almost the same as before the heat 
treatment. 

The excess carbon and the oxygen introduced in the curing 
process may affect the microcrystalline state of B-SiC. The 
relationship between the mechanical strength of the fibre and 
the heating temperatures for the precursor fibre in vacuo is 
shown in Fig. 2. Heating at 1,500°C causes the mechanical 
strength to drop, as shown in Fig. 2. Figure 3 shows the X-ray 
(Ni-filtered Cu Ka) diffraction patterns of the precursor fibre 
heated at 1,000, 1,100, 1,200, 1,300 and 1,500°C. The X-ray 
diffraction patterns on heating at 1,500°C indicate a larger 
fraction of crystallised 6-SiC in comparison with the patterns of 
fibres heated at 1,100-1,300 °C. The mechanical strength drops 
with crystallisation of the B-SiC. The stable and uniformly 
distributed carbon in the SiC fibre may be precipitated with 
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Fig. 3 X-ray diffraction patterns of precursor fibres heat-treated 

at various temperatures. Full-scale intensity of patterns at 1,100 

(b); 1,200 (c); and 1,500 °C (e) is twice that of patterns at 1,000 (a) 
and 1,300 °C (d). 


crystallisation of the B-SiC phase, hence lowering the mechani- 
cal strength: in other words, the SiC fibre in the microcrystalline 
state has high mechanical strength. 

Chemical analysis of the SiC fibre and its high-resolution 
electron micrograph show an unexpectedly large quantity of 
excess carbon existing in the fibre. In spite of this, this fibre has a 
high strength and a high heat-resistance at high temperatures. 
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Spontaneous formation of lecithin 
bilayers at the air—water surface 


THE energetics of formation of various surface film states of 
dimyristoyl lecithin (DML) has been recently obtained from 
equilibrium spreading pressure Te measurements’. One result 
from that study, but not reported then, was the formation of a 
new equilibrium lecithin surface phase. Its existence was 
deduced solely from formal thermodynamic arguments based on 
the Gibbs phase rule, and therefore reporting of the new surface 
phase was deferred until more direct experimental evidence was 
available for describing its properties. We have now charac- 
terised this new surface phase by measuring the surface concen- 
tration of DML films and have found the concentration to be 
double that of a close-packed monomolecular film. Before 
presenting these results and their implications, we summarise 
the arguments which led to the prediction of the new lecithin 
surface phase. 

In principle, me measurements as a function of temperature 
indicate the existence of all phase transitions; they also provide a 
thermodynamic basis for calculating transition energies’ *. The 
equilibrium surface phase relations for DML obtained by this 
approach in the region of T., the gel-liquid crystal transition 
temperature, is given in Fig. la. Line ABCD represents the 
coexistence line for the equilibrium of surface film with bulk 
DML, either gel or liquid crystal. Point B is at 23.5 °C, T. for 
DML. At temperatures below T,, the bulk gel state is in equili- 
brium with a gaseous surface film; at temperatures above T, 
liquid crystal is in equilibrium with a gaseous film which changes 
with increasing temperatures into a liquid expanded film along 
line CD. Line CE represents the equilibrium of liquid expanded 
film with surface gas in the absence of bulk lipid; these values of 
a are the equivalent of the surface vapour pressure’. Line CE’ 
represents the supercooled liquid expanded film surface vapour 
pressure; it is formed when solvents are used to form the film at 
temperatures below 25 °C (ref. 1). 

The phase line CD which describes the equilibrium between 
liquid crystal and liquid expanded film indicates that 7, 
increases rapidly with temperature. But 7. must reach a finite 
limit at some elevated temperature. Indeed, measurements of 7, 
for DML at temperatures exceeding 25 °C, shown in Fig. 1, 
indicate that m, reaches a maximum of 49.5 dyn cm™' at about 
29°C. With further increase in temperature me decreases 
slightly. Similar results were obtained by Phillips and Hauser”. 

The Gibbs phase rule at constant atmospheric pressure for 
this system® may be written 


F=C-P,-P,+2 


where C is the number of components (water, lecithin, and air), 
P, and P, are the number of surface phases at the air~water 
surface, and bulk phases, respectively, and F is the number of 
intensive variables (temperature and chemical potential) which 
may be varied independently. For this system, with bulk lipid 
and at least one surface phase always present, F is either 1 or 0. 
Thus, when r. varies with temperature, F = 1 and the chemical 
activity of lipid in each equilibrium phase also varies with 
temperature. Examples are given in Fig. la, along line AB 
where P, = 3 (gel, water, air), P, = 1 (surface gas), and along line 
BC where the bulk lipid gel state becomes liquid crystal at the 
elevated temperatures. At the gel-liquid crystal transition 
temperature, point B (Fig. 1), F = 0, as P, = 4 (gel, liquid crystal, 
water, air), and P,= 1. 

At temperatures above and below 29°C (the temperature 
where m. is a maximum) 7, is also temperature dependent, 
F=1, and therefore homogeneous surface films exist both 
below and above 29 °C. However, at 29 °C F = 0, and the phase 
rule therefore indicates that a phase transition occurs just as at 
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point B (Fig. 1); this new phase transition may be either in the 
surface or bulk. Because the temperature where this occurs 
exceeds T,, the only lipid bulk phase present is the liquid crystal. 
As there is no evidence for a DML bulk phase transition at 
29°C, we deduce that at the temperature where 7, is a maxi- 
mum, DML forms a new surface phase. To establish that the new 
phase which appears at 29°C is in the surface, DML surface 
concentrations were measured by two independent methods. 


sas ge 
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ndyn cm~') 


8 


10 





Fig.1 a, Surface pressure a as a function of temperature in the 
region of the gel-liquid crystal transition temperature, T, for 
DML. For explanation of phase diagram see text, and ref. 1. b, 
Complete equilibrium spreading pressure 7,-temperature 
diagram for DML. Note change in scale for w. Wilhelmy plate 
method used for this data, sensitivity of the order of 0.1 dyn cm. 
Data for the figure inset were obtained by the millidyne balance’. 
Therefore the details seen in the inset are not observed in the 
expanded range figure. 


The first method entails isolating and collecting the surface 
film which accumulates in the air-water surface when DML 
crystals are placed on the water surface. A temperature 
controlled (+1°) film balance trough was divided into two 
compartments by a strip of Teflon. The strip has a slit on its 
upper edge to allow a small connection at the surface between 
the two water compartments. Bulk lipid was placed on the water 
surface of one compartment and held in place by a platinum wire 
loop; the second compartment was monitored for changes in 7 
by the Wilhelmy plate technique. The bulk lipid generally 
remained effectively trapped behind the Tefion strip separating 
the two compartments. Films which accumulate at the surface of 
the second compartment were swept by a Teflon barrier over the 
edge of the trough and across a collection spout into beakers. 
The water which is entrained with the lipid amounts to about 
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0.01 ml cm™ of surface film’. This water was evaporated and the 
dried phospholipid was analysed for phosphorus’. Generally 
350-400 cm? of surface was sufficient to provide enough lipid 
for the analysis. The films were collected 2 and 4h after the 
surface pressure had ceased to change; the time interval had no 
significant influence on the amount of material collected. 

For the second method the surface concentration was 
obtained by measuring the surface radioactivity of *H-DML 
adsorbed from equilibrium dispersions of DML. The dispersions 
of DML gave identical values of m, as those obtained by 
spreading from the crystal. A thermostatted (+0.1°) glass cell 
was used for both the 7, and radiotracer measurements of the 
dispersions. Specific activity of *H-DML was approximately 
35 Ci mol`’, (a purified sample provided by Dr R. E. Pagano). 
Surface radioactivity was monitored by an end-window gas-flow 
detector; the window was composed of Parylene’ with a vacuum 
deposit of gold (approximate thickness: 70 ug cm™' Parylene, 
30 ugcem™ gold). The detector was constructed by the Aloka 
Company, Mitaka, Japan, and was used with a standard scalar 
(Nuclear-Chicago, model 168). The counting efficiency of the 
detector was about 2% at a height of 1 mm above the water 
surface. Surface radioactivities were not affected by bulk par- 
ticles of DML in the dispersion because the lipid density is 
greater than for water’®, thus these particles settled out of the 
range of tritium (~1 pm in water) within 30 min. More complete 
details of the method will be presented elsewhere. Dispersion 
concentrations of 0.1-1.0 mg ml”' were used and the reported 
surface radioactivities were found to be independent of the 
dispersion concentrations. 

The surface concentrations of DML as a function of tempera- 
ture obtained by both methods is shown in Fig. 2. The values of I 
obtained by the two methods are in general agreement, with the 
larger error of the sweeping experiments reflecting the multiple 
operations required for the analysis. Below 25°C where the 
equilibrium surface pressure is very low (surface gas region, Fig. 
1) the surface concentration is close to zero. With increasing 
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Fig.2 Surface concentration of DML films as a function of 
temperature, ©, Film concentration obtained by sweeping method, 
films formed by spreading from bulk crystals. Each data point is 
given with standard errors of the mean, and the number of samples 
are shown in parentheses above the error bar. The large s.e.m. 
reflect the multiple operations required for the analysis and the 
poor temperature control (+ 1°) inherent in the large film balance 
trough used. @, Film concentration obtained by radiotracers, films 
formed by adsorption from dispersions containing *H-DML. 
Duplicate analyses gave a reproducibility of +5%, temperature 
controlled to +0.1°, 
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temperature, the surface concentration increases to a maximum 
value of 6.4107" molcm™ at about 29°C. At still higher 
temperatures [Į decreases monotonically to  3.2x 
10°'° mol cm”? at about 35 °C. 

Film balance studies indicate that close-packed monolayers 
occupy 50-55 A? per molecule or 3.3-3.0 x 107" mol cm”? (ref. 
11). Thus the adsorbed film formed at 35 °C (Fig. 2) appears to 
be a close-packed monolayer; at 29 °C the surface concentration 
is exactly double that of the close-packed monolayer, or the 
equivalent of a bilayer. The formation of the surface bilayer is 
not fortuitously dependent on the experimental conditions 
because its formation is independent of the dispersion concen- 
tration, and the same results were obtained by two independent 
methods. Moreover, the temperature of surface bilayer forma- 
tion coincides with the temperature in which v. is a maximum 
(Fig. 15), and for which the phase rule predicts that a new 
lecithin phase appears. The new surface phase predicted by the 
phase rule is the surface bilayer. 

While we cannot ascribe molecular configurations to the 
surface films which are reported in these studies, hypotheses 
consistent with the phase rule are suggested for describing the 
surface phase transitions. Figures 1 and 2 indicate that DML 
surface films between 25 and 29 °C pass continuously from the 
gaseous to the bimolecular state. As the phase rule predicts that 
a single homogeneous surface phase is present, we assume that 
at each temperature in this interval states of aggregation inter- 
mediate between gaseous and bilayer are formed. Between 29 
and 35 °C the data suggests that the surface bilayer reverts to a 
condensed monolayer structure. In this interval the phase rule 
indicates that the surface film is homogeneous, but that surface 
bilayer must also be present. We therefore deduce that bilayer is 
transformed continuously to condensed monolayer, but assume 
that monolayer which forms is completely miscible with the 
bilayer, that is both monolayer and bilayer coexist in a homo- 
geneous surface phase. At temperatures exceeding 35°C 
condensed monolayer is the only surface state present. 
Phenomenologically, DML forms in sequence with increasing 
temperatures: gaseous film, surface bilayer and finally conden- 
sed monolayer. 

Several additional aspects of this system are noteworthy. The 
surface bilayer will form only in the presence of bulk phase 
liquid crystal, and at a unique temperature which is presumably 
a characteristic of each lecithin. In equilibrium conditions the 
surface bilayer will not exist independently of multilamellar 
liquid crystal. Questions on the generality of these phenomena 
and the thermodynamics of formation of surface bilayers will be 
examined in detail elsewhere. Finally, it has always been a basic 
tenet of lipid film studies on water that the films may be assumed 
to be monomolecular. We have shown that for at least one 
equilibrium system, surface films can exceed monolayer 
concentrations. 
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Thermoluminescence 
dating of a deep-sea sediment core 


IN the last decade thermoluminescence dating has been 
developed for use on archaeological material, principally 
pottery, that was heated in antiquity’. Thermoluminescence 
(TL) is the light emitted by a material when heated and which 
results from a previous dose of radiation, In the simplest cases 
the light intensity is proportional to the radiation dose and can 
be used for determining an unknown dose; when combined with 
other measurements which yield the dose rate the TL can thus be 
used to calculate an age. In the case of pottery the event being 
dated is the last heating of the material to a high temperature, 
typically 500 °C. The use of TL to date the deposition of ocean 
sediments which we propose here is similar in the main principle 
except for the lack of the heating event. We describe here the 
experimental evidence which indicates that some event which 
has the same result does occur. We then show that exposure to 
sunlight could be this event, and finally show that TL dates 
obtained for an ocean sediment core are in agreement with dates 
determined independently. 

The results presented here are for 4-11-y.m grains of samples 
of the deep-sea core RC8-39 from the Crozet Plateau of the 
Antarctic Ocean (long 42°21’E, lat 42°53’S, water depth 
4,330 m). The sample preparation and measurement techniques 
are based on those of Zimmerman’ and will be described in 
detail elsewhere. 

Figure 1a shows a typical glow curve obtained for the sample 
at 580 cm below the top of the core. All the other samples gave 
similarly shaped glow curves but with an overall increase of TL 
intensity with depth down the core. A convenient measure of the 
TL intensity is the y-radiation dose, D, that produces the same 
TL; we determined this using the additive dose method’ in 
which the TL of the samples is compared with the TL of identical 
samples which have also received a laboratory radiation dose. 
Figure 2a shows the value of D obtained for each sample at the 
300°C glow-curve temperature, and that D increases with 
depth down the core. 

A similar increase of TL with depth was previously reported in 
two North Pacific cores by Huntley and Johnson’*. They thought 
that the TL was coming from the separated siliceous tests: 
however, we have since discovered that it was coming primarily 
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Fig. 1 Thermoluminescence glow curves from RC8--39 380 cm: 

a natural; b natural sample after a 40-min sunlamp exposure, 

c-e as b but after additional y doses of 7.4, 14.8 and 22.2 krad 
respectively. 
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Fig.2 ©,The TL intensity against depth for RC8-39 evaluated at 

a glow-curve temperature of 300°C. D is the y dose which 

produces the same TL as observed in the natural samples and was 

obtained by the additive dose procedure. x, Values of D, for the 
same samples. 


from the inorganic sediment still attached to the siliceous tests. 
In all three cores the TL of samples near the top of the core is 
significantly less than the TL of samples with an age of ~10° yr. 
We have found a similar low TL intensity in four other core top 
samples we have studied. We deduce, therefore, that the TL of 
freshly deposited sediment is small, and not in saturation as one 
might expect for material derived from terrestrial sources. 

Further evidence for a low TL level in freshly deposited 
sediment is found in the TL studies of Quaternary sediments in 
the USSR°° and China’”. Here an increase of TL with depth was 
also observed. In the original Soviet work Morozov’ and Shel- 
koplyas® suggested that the effects of sunlight and grinding 
during weathering were responsible for the low level of TL in 
freshly deposited sediments. Consequently we have examined 
the effects of sunlight on the TL of our samples and found a 
remarkable sensitivity: 20 min of exposure is enough to halve 
the natural TL. 

To test the proposal that exposure to sunlight is a viable 
mechanism for setting the natural thermoluminescence to near 
zero we gave a set of identical samples a large y dose 
(~400 krad), to bring them near saturation, and then measured 
the TL as a function of light exposure. This experiment was 
performed with a Sylvania sunlamp which is about four times as 
efficient as sunlight so that reproducible exposures could be 
obtained. The results, in Fig. 3, show that an exposure 
equivalent to ~ 10 d of direct sunlight is capable of reducing the 
TL to the level found in a sample at the top of the core. Hence we 
suggest that previously acquired geological TL could be erased 
by exposure to sunlight before deposition on the ocean floor. 
However, we have not carried out any detailed mineral separa- 
tion and chemical and mechanical alteration during weathering 
and sedimentation may play a significant role as well. Whatever 
the cause of the low TL in freshly deposited sediment the 
following arguments may still be applied. 
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As Fig. 3 shows, even after long light exposures there is a finite 
TL signal. (This may be due to the presence of a TL signal that 
cannot be bleached easily or may be due to a non-radiation- 
induced signal.) We therefore describe the natural TL of a 
sediment sample by ` 


Laat = dot Ia (1) 


where J, is the TL at the time of deposition and I, is the TL due 
to the radiation dose since deposition. Ideally a core top sample 
should yield a TL signal Z. In practice, however, its TL may also 
be expected to have a small J, component due to the real age of 
the material because of loss of the most recent sediment during 
coring and because of sediment mixing due to bioturbation!'. 

Rewriting equation (1) in terms of the y doses that produce 
the same TL intensities we have 


D=D,+ED (2) 


where ED, the equivalent dose, is that laboratory y dose that 
produces the same TL intensity as did the radiation dose 
experienced by the sample since deposition. 

To determine ED we have developed the procedure shown in 
Fig. 1. All measurements are made on separate identical 
samples. Curve a is the TL of a natural sample. Curve b is the TL 
of a similar sample exposed to the sunlamp for 40 min. Curves 
c~e are the TL values of samples exposed to the sunlamp and 
then given various y doses. Figure 1 shows that a y dose of about 
13 krad would give a TL similar to that of the natural sample 
above 250°C. This dose is called G. Figure 3 shows that the 
40-min sunlamp exposure was not sufficient to remove all of the 
Ia component of the natural TL. Let us call the fraction that 
remained f. Then we have 


G 


ED = — 
par 


(3) 


We have determined f in separate experiments in which samples 
were first given long sunlamp exposures, y irradiated, and then 
given 40-min sunlamp exposures. The values of f, typically 0.2, 
did not depend measurably on the y dose or core sample. 

We tested the above procedure for obtaining ED by using it to 
determine the dose for samples which had been given a known 
laboratory dose after a substantial sunlamp exposure. As an 
additional test we have taken several sets of the 119 cm samples, 
given them known y doses, I’, in addition to the natural dose, 
and then used the above procedure to determine G for each set. 
The plot of G against I was linear and when extrapolated to 
G=0 yielded a value [=~ED independent of temperature 
above 250°C and in accord with the one obtained by the 
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Table 1 Doses, radioactivity analyses, TL ages and C. davisiana ages 
for RC8-39 


NOMMA LALLA T CINTA RETRO nahana Arn a ON aha EA a a 


Equivalent K Measured TL  Agefrom 





Depth dose content a-countrate age C., davisiana 
(cm) (krad) (%) — (ksem*)"" (kyr) (kyr) 

9 3.0 0.33 1.83+0.03 9 6-10 
118 7.2 0.82 1.25+0.02 30 22-25 
230 10.6 0.55 0.98 +0.02 51 40-46 
342 19.1 0.71 1.02+0.03 276 58-66 
S80 15.7 0.42 O.77+0.01 85 85-90 
902 25.6 0.53 0.56+0,01 140 125-135 
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The C. davisiana ages were estimated by matching the C. davisiana 
variations shown in Figs 2, 3 and 5 of Hays ef al’. The known experi- 
mental uncertainty in the TL ages is about 18%, arising primarily from 
the stated uncertainty in the water content. The TL age for the 342 cm 
sample is shown as a lower limit because it showed anomalous fading; 
the others did not. 
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previous method. The above tests gave agreement within +5%,. 

The equivalent doses we have determined using equation (3) 
for six samples of RC8-39 are listed in Table 1. The increase 
with depth closely parallels that shown in Fig. 2. Values of D, 
were obtained, by subtraction (D,= D — ED), and those at 
300 °C are shown in Fig. 2: they show no systematic variation 
with depth and therefore are consistent with the model. 

From the equivalent doses listed in Table 1 we have calculated 
TL ages using radiation dose rates determined by the standard 
techniques worked out for TL dating of archaeological 
material’. The age equation we have used is 


ED =(Rx+Rut+Ry)T + Rit f{exp (1/7) — 1} (4) 


where T is the age, the R values are the effective radiation dose 
rates due to the decay of “°K, *°°U, ??Th and ”°Th respectively 
and include a, 8 and y contributions. The last term, which is 
dominant arises from the presence of excess 2°°Th which is 
continuously precipitated from the ocean; the Th mean life 7 
is 108 kyr and thus it is necessary to include the variation of dose 
rate with time. Each term in the equation includes a water 
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Fig.3 The fraction of the TL evaluated at a glow-curve tempera- 

ture of 300°C remaining after a sunlamp exposure against 

exposure time. The experiment was performed on a set of samples 

which had been given a laboratory dose of 400 krad to simulate 
their condition before weathering. 


attenuation factor calculated using an estimated water content 
of 57+5%, and each a dose-rate term includes a measured TL 
efficiency factor'*. The "U, Th and “°Th contents were 
determined using a-scintillation counting and the dose rate 
conversion factors calculated according to the method described 
by Bell’. 

The ages thus calculated are shown in Table 1 where they are 
compared with those we have deduced from the Cycladophora 
davisiana and oxygen-isotope variation curves of Hays et al. 
We consider the correlation between the two sets of dates to be 
sufficiently encouraging to suggest that the method is basically 
sound. Complete details of the measurements will be published 
elsewhere. 
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Albedo contrast and 
glaciation due to continental drift 


A POPULAR theory’” holds that glaciation occurs when land- 
masses drift over the poles and cool the Earth. However, the 
Earth cools on balance when landmasses bunch in the tropics, 
rather than over the polar caps. I suggest here that a peculiar 
distribution of land may thus be required during glacial periods, 
_ perhaps explaining their rarity’ and the long intervals when land 
was over the poles but the Earth was not glaciated*. 

The conventional argument’ assumes that the Earth cools 
when landmasses of variable but high albedo displace water of 
low albedo at the poles. While snow, which has very high albedo, 
is more likely to accumulate on land than on water, the first snow 
must fall on a ‘dark’ landscape. A study of the atmospheric and 
intrinsic determinants of surface albedo, and of the best 
measurements, shows that the land-water albedo contrast is 
greatly attenuated at the poles, and indeed is greater in the 
tropics, for any plausible state of affairs not involving snow. 

For unidirectional radiation, received directly from the Sun, 
the albedo of a smooth surface is inversely proportional to sin E, 
where E is the angle of elevation of the Sunt”. Under perfectly 
diffuse radiation, the same surface has a different albedo, not 
dependent on E. The surface irradiance Q, is never uni- 
directional; the atmosphere scatters the direct beam from the 
Sun and increases the diffuse fraction qa of Q,, the more so as E 
approaches 0° and the path length through the atmosphere 
increases. Solar radiation is never perfectly diffuse, but it is 
virtually so when the Sun is just below the horizon, and also 
under low overcasts. 

As well as depending on E, the reflectivity of many surfaces 
varies with roughness. The choppier the sea, or the taller the 
plants®, the less the albedo, because multiple reflection between 
surface elements increases the chance of eventual absorption. 
Multiple reflection also reduces the albedo at high E, reinforcing 
the theoretical dependence mentioned above. These opposing 
tendencies, and that of q4 to increase at low E, make empirical 
facts essential. 

For water the data of Grishchenko’”’, for 0-25% cloud and 
waves of height <0.7 m, are outstanding. His albedos are much 
lower than those predicted for direct radiation incident on a 
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plane, rising from 4 to 8% at large E to a peak at ~39 around 
E =6-8°, then dropping to about 12-14 at E =0°. These low 
albedos can be taken to mean that Q, becomes almost entirely 
diffuse at low E. For plant albedo, the following reliable ranges 
(in percentage points) are available: 


3 (grass, E = 70° to 15°)'° 

8 (grass, E = 55° to 10°)” 
15 (apple tree, E = 80° to 10°)” 
10 (Scots pine, E = 65° to 0°)” 


Tooming'' found a decrease similar to Grishchenko’s below 
E = 10°. It seems that plant albedo varies much less with solar 
elevation than does water albedo. 

This implies that, when the Earth is free of snow, the land- 
water albedo contrast is largest in low latitudes. As E decreases 
polewards, high-latitude waters will have albedos considerably 
greater than low-latitude waters, while landmasses, presumably 
vegetated, will increase in albedo much less towards the poles. 
The best way to cool the Earth in times of benign climate is 
therefore to place as much land as possible in the tropics. 

I have tested this proposition by planimetering land areas in 
10° latitude belts on palaeogeographic maps’*'* at 20-Myr 
intervals from about 240 Myr to 0 Myr. Sea level is assumed 
constant. These maps suffer from doubts as to the timing and 
geometry of drift; placement errors of the order of 10° (1 
latitude interval) must be suspected, although their global sum 
will approach zero. Near the pole, albedo changes rapidly and 
fine resolution is desirable. I have calculated at 10° resolution, 
but have lumped the data into tropical and polar zones which are 
wide relative to the possible errors. 

Figure la shows that the tropics have become much less 
watery in the past 80Myr. The Earth has grown colder 
throughout the Cenozoic*"®, and the cooling is thought to have 
accelerated, just as the calculated increase in tropical landmass 
has. The tropical landmass has recently reached and surpassed a 


% Of total land area 


of 


Absorbed 
radiation (W m`?) 





Time (Myr) 


Fig. 1 a, Landmass between 30° N and 30° S; b, landmass pole- 
wards of 60° N and 60°S (both as % of total land area ~148 x 
10° km’); c, world average absorbed solar radiation (equation (1)), 
At top of graph c, r, | stand for continental, regional and local 
glaciation respectively’ '°'*. The age of 240 Myr data points is 
merely convenient; the map is dated at 250+ 25 Myr (ref. 15), and 
may or may not represent the early Permian glacial period. Errors 
of reconstruction are discussed in ref. 14; mean palaeomagnetic 
poles have 95% confidence limits of from 8.7° to 4.55; error in 
planimetry (sum of 10°-belt measurements/ 148.0 x 10 km”) on 
the several maps was from +1.6% to —1.6%. 
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size last attained in the Palaeozoic. Figure 1b, for comparison, 
shows an increase during the Cenozoic in the land surface 
polewards of 60° N and 60°S. Antarctica has moved little for 
80 Myr `“ or even 100 Myr ”, but it has been glaciated only since 
40 Myr, with an ice-sheet since 12~15 Myr *. North-east Siberia 
was over or near the North Pole throughout the Triassic and 
Jurassic, periods for which no one has found any glacial evidence 
anywhere. Ice-rafted detritus is, however, found in north-east 
Siberia in the late Permian'*. Gondwanaland was over the South 
Pole until ~30 Myr after the Permo—Carboniferous glacial 
period ended around 260 Myr *". 

Allowing for uncertainty, either graph might account for 
known climatic trends. I suggest that Fig. la points to a new 
instability of the climate, underlying the widely-accepted 
instability of Fig. 1b. 

The new instability would work as follows. When drift 
concentrates land in the polar caps, the tropics get wetter. 
Albedo contrast produces slight polar cooling and substantial 
warming of the tropics. On balance, the steeper polewards 
temperature gradient is overshadowed by the increase in world 
average temperature. There may be periods, such as the early 
Cretaceous’”, of ‘stable cold’ limited regionally and seasonally, 
but global warmth is the rule, exemplified by the Mesozoic as a 
whole. When landmasses drift into the tropics, the caps get 
wetter and slightly warmer while the tropics cool substantially. 
Global cooling overshadows the reduced temperature gradient, 
and cold periods are unstable: they are more likely to intensify 
by the persistence of fallen snow and, for snow to persist, dry 
land must be suitably placed in high latitudes. This second 
source of instability implies that land over the poles is necessary 
but not sufficient for glaciation. Figure 1a and b are thus not 
inconsistent. Figure la yields a stronger necessary condition: 
land concentrated in the tropics as well as near the poles. By 
implying watery mid-latitudes, this supports ideas of the circu- 
lation required to nourish polar glaciers’. 

The significance of these landmass motions can be assessed 
with a simple climatic model. For each 10° belt the absorbed 
solar radiation is 


Q,= (1 ~a)mQ, (1) 


where Q,« S/4 is the incident radiation without the atmos- 
phere’’, with the solar constant S = 1,361 W m”. m = Q,/Q,= 
0.59 is atmospheric transparency, fixed at the modern world 
average’'. The surface albedo a is a mean of land and water 
albedos, œ; and aw, weighted by area. 

aw depends on latitude as follows: 


Latitude 0-50 50-60 60-70 70-80 80-90 
Albedo 5 6 8 10 12 


with weight given to the work of Sivkov” and Grishchenko’ and 
to the knowledge that q4 is large under clouds’. a, was chosen 
to be constant at 15, close to modern albedos for temperate 
forests’**°, marshland**, equatorial rain forest", wet-season 
savanna’ and tundra in summer”. Desert”, at 17~29, is the only 
large terrain type brighter than 15. A constant a, may seem 
questionable, but the argument hinges solely on a decrease in 
(a, — aw) with latitude. The claim is one of logic, not of numeri- 
cal realism. 

Placement errors affect the calculated radiation, whether or 
not they sum to zero, but this uncertainty is much smaller than 
the observed range of 0.41 W m”? (Fig. 1c). A rough numerical 
idea of the corresponding range of temperature AT can be 
obtained from the expression”? AT =k (AS/S), where AS is a 
prescribed change in the solar constant and k = 140 for several 
albedo-feedback models. From equation (1), making AS an 
independent variable, AT œ AQ, ~ 0.3 K for the past 240 Myr. 
Continental drift seems a modest governor of climatic change. 
However, the calculations assume no snow, which is certainly 
unrealistic for the Cenozoic. If there is an instability, actual 
insolation must deviate progressively from Fig. 1c through the 
past 60 Myr. The absorption calculated for the present gives, 
when compared with the observed’! 171.5 W m”’, a tempera- 
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ture difference of 9.5 K, agreeing well with the broad average 
difference inferred between the present and the Mesozoic?” 

When the drift sequences of the Palaeozoic are better known, 
more extensive tests of this work will be possible. It may have 
defined a stronger necessary condition for glaciation, but not its 
sufficiency. The idea is more firmly grounded than galactic 
hypotheses”®; if there is a galactic mechanism, it may modulate 
known tectonic processes to bring about glacial periods. 

I thank Trent University and the NRC of Canada for support. 
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Hidden genetic variability in 
two populations of a marine mussel 


ELECTROPHORESIS detects only about one third of the genetic 
variation present in a natural population, despite its wide appli- 
cation’. A combination of electrophoretic and heat denatura- 
tion techniques has revealed considerable molecular variation 
within single electrophoretic classes of enzymes. For example, 
Bernstein et al.’ have found 1.74 more alleles at the xanthine 
dehydrogenase locus in the Drosophila virilis group than had 
been detected by electrophoresis alone, Further such evi- 
dence*'* has concentrated on species of Drosophila. I report 
here a study of the marine mussel Guekensia demissa (formerly 
Modiolus demissus) which shows that in two geographically 
separated populations experiencing different temperature 
regimes, there is an apparent correlation between the dis- 
tribution of thermosensitive alleles at the phosphoglucomutase 
(Pgm) locus and environmental temperature. 

Samples of G. demissa were collected from a salt marsh at 
Beaufort, North Carolina (35 °N) and from the intertidal region 
of a beach at Stony Brook, Long Island, New York (41 °N). 
Water temperatures in the Beaufort region can reach a summer 
maximum of 33 °C while in Long Island Sound they rarely reach 
28°C. Air temperatures in both regions are correspondingly 
higher’? 
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Table 1. Distribution of genotypes and allele frequencies at the Pgm locus in two populations of Guekensia demissa from Beaufort and Stony Brook 
RN ae dere a ena tM Seah Sk ct a ce a ch 


Genotypes Allele frequency 
N* AA BB cc AB AC BC BD A B C D x’? 
Beaufort 103 9 22 5 29 17 20 1 0.31 0.46 0.23 0.01 0.61NS 
Stony Brook 51 4 9 6 9 6 17 — 0.23 0.43 0.34 0.0 0.49NS 





* Number of individuals analysed. 


yx’, Goodness-of-fit of observed to expected frequencies from Hardy-Weinberg equilibrium. 


NS, P > 0.05. 
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Table 2 Distribution of genotypes and allele frequencies at the Pgm locus in two subsamples of Guekensia demissa from Beaufort and Stony Brook 
retained for heat stability studies 





Genotype 
N AA BB CC AB AC 
Beaufort 39 5 8 3 10 6 
Stony Brook 40 5 7 6 7 3 


Allele frequency 
BC BD A B C D x’ 
6 1 0.34 0.42 0.23 0.01 1.43NS 
12 vn 0.25 0.41 0.34 0.0 4.47NS 





In G. demissa Pgm is coded at a single locus, with three 
common alleles Pgm*, Pgm®™ and Pgm* present in both popu- 
lations, and a rare allele Pgm” detected only in the Beaufort 
sample. Two procedures were initially used to evaluate the 
thermostability of these Pgm alleles. First, two aliquots of a 
homogenate of adductor muscle from a single individual were 
incubated at two temperatures, followed by electrophoresis and 
staining; second, slices of a starch gel were incubated at two 
temperatures after electrophoresis of a homogenate of adductor 
muscle from a single individual, followed by the addition of Pgm 
stain. Temperature and duration of incubation were decided 
empirically. Heat stability studies were performed using the first 
procedure in preference to the second because conditions could 
be controlled more easily. 

Table 1 presents allele frequency data for the two samples of 
mussels. The samples were similar in allele frequency and no 
significant departures from Hardy—Weinberg expectations were 
observed. No significant differences in either genotypic (P = 
0.20) or allelic (P = 0.07) proportions were observed when the 
two samples were compared. Smaller numbers of individuals 
within each of these samples were used for thermostability 
studies and Table 2 gives allele frequency data for these 
subsamples. Allele frequencies were similar to those observed in 
Table 1, with no significant departures from Hardy-Weinberg 
equilibrium. In addition, no significant differences in either 
genotypic (P= 0.52) or allelic (P =0.28) proportions were 
observed between the two smaller samples. 

A Pgm band was classified as being either heat-resistant (in 
this case Pgm activity present after 15 min at 60°C) or heat- 
sensitive (no Pgm activity after 15 min at 60 °C). Two kinds of 


homozygotes were observed: those in which the Pgm band was 
either heat-sensitive or heat-resistant. Four kinds of heterozy- 
gotes were observed: those in which both Pgm bands were 
heat-sensitive or heat-resistant and those in which one or other 
of the Pgm bands was heat-sensitive (Fig. 1). This suggests that 
heat-sensitivity of each Pgm electrophoretic band resides at the 
level of the Pgm structural gene. Table 3 presents allele 
frequency data for the two populations when electrophoretic 
and heat-sensitivity determinations were combined. Both heat- 
sensitive and heat-resistant forms of the alleles Pem*, Pgm® and 
Pgm© were observed in the two samples of mussels. In the 
Beaufort sample, where Pgm” was observed at low frequency, 
only the heat-sensitive form of Pgm” was detected. This newly 
discovered variation increases heterozygosity values (calculated 
from observed allelic frequencies) for this locus from 0.66 to 
0.73 in the Beaufort sample and from 0.65 to 0.79 in the Stony 
Brook sample. Sixty-eight of the 78 alleles investigated in the 
Beaufort sample were heat-resistant and in the Stony Brook 
sample 56 of the 80 alleles investigated were heat-resistant. 
Analysis was performed on these numbers using a 2 x 2 contin- 
gency y’ test and the distribution of heat-sensitive and heat- 
resistant Pgm alleles was found to be significantly different in the 
two populations (0.01>P>0.001). The frequency of heat- 
sensitive forms of the three major alleles was consistently higher 
(particularly for Pgm®) in the sample of mussels from the cooler 
waters of Long Island Sound. Also, the frequency of individuals 
homozygous for resistant alleles was significantly greater 
(0.05 > P>0.02) in Beaufort (31 out of 39 individuals) than in 
Stony Brook (23 out of 40 individuals) and the frequency of 
individuals homozygous for sensitive alleles was greater in Stony 





Table 3 Distribution of genotypes and allele frequencies at the Pgm locus for two populations of Guekensia demissa when electrophoretic and heat 
sensitivity determinations are combined 


Pie ean Tavares ware VaretenveNfen tart reefers AAAA EAA Eee ene warmest 


Genotypes AŽ A 
Beaufort A'A 5 A'B 1 0.03 0.31 
n= 39 B'B 7 AC 6 
Cc 3 BC’ 3 
B°B* 1 BC 1 
AB 7 BC 2 
A‘B® 1 B'D® 1 
A'B® 1 
Stony Brook ATA’ 4 A'B? 3 0.04 0.21 
n= 40 BB’ 4 AC 2 
Ces AC? 1 
A*A* 1 BC 4 
BB” 3 BC’ 1 
CC 4 BTC’ 2 
AB 4 BC’ 5 


Allele frequency 


B’ B' Cc C D D x 
0.08 0.35 0.01 0.22 0.01 0.0 5.48NS 
0.19 0.23 0.08 0.26 0.0 0.0 3.25NS 





Superscript s and r correspond to heat-sensitive and heat-resistant forms of Pgm alleles. 
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Fig.1 Heat sensitivity of Pgm alleles in Guekensia demissa. (Results of two gels from the same electrophoretic run; gel papers were divided and 
transposed to eliminate repetitive patterns.) The posterior adductor muscle was excised from living individuals and homogenised manually in 
approximately two volumes of 50 mM Tris-HCl buffer, pH 7.8 (1: 1 w/v). Homogenates were centrifuged at 3,500 r.p.m. for 15 min at 4 °C. The 
supernatant solution was divided into four aliquots, two of which were incubated in a water bath for 15 min, one at 37 °C and the other at 60 °C. 
The remaining two aliquots were retained for replication; hence each individual was classified on the basis of two replicated experiments. 
Electrophoresis was performed at 2 °C in horizontal starch gel (Electrostarch) using the Tris-EDTA-maleic buffer system, pH 7.4, of Spencer et 
al.'*. Gels were run for 14-16 h at 6.5 V.cm '. Sliced gels were stained for Pgm using the paper overlay method described by Scopes'*, The 
terminology used for allozymes of Pgm is as follows: alleles are numbered A to D in order of increasing anodal mobility. For comparative 
purposes individuals from both populations were run on the same gel. 


Brook (7 out of 40 individuals) than in Beaufort (2 out of 39), 
although this difference is not significant at the 5% level (0.10 > 
P>0.05). 

In spite of increasing experimental evidence for hidden 
genetic variability within electrophoretic allozyme classes—at 
least for species of Drosophila—there have been no reports to 
date on the possible biological significance of this new-found 
structural variability. Some workers’* commenting on the 
random distribution patterns of some of the heat-sensitive 
allozymes of xanthine dehydrogenase and octanol dehy- 
drogenase in the Drosophila virilis group concluded that such 
patterns support the neutral and not the selection hypothesis of 
genetic variability in natural populations. It is possible that the 
apparent non-random distribution of thermosensitive alleles in 
the mussel populations investigated in the present study is being 
maintained through selective forces acting at the Pgm locus. 
Trippa et al.’ have suggested ‘that selective values of allelic 
proteins with different thermosensitivities might in fact be 
affected by differences in the habitat’, perhaps in this case 
temperature, an important component of an organism's 
environment. However, before firm conclusions can be drawn 
regarding the adaptive role of hidden genetic variation within 
populations of G. demissa, detailed biochemical investigations 
of the Pgm system are necessary. Also, breeding data—at 
present unavailable—would clarify whether the property of 
thermosensitivity is associated with the Pgm locus itself or 
whether it is associated with an alternative polymorphic locus. 
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Mutation at H—2K locus influences 
susceptibility to autoimmune thyroiditis 


GENES in the major histocompatibility complex (MHC) have 
been found to be associated with the development of autoim- 
mune diseases, including spontaneous diseases in man’* and 
spontaneous’ or experimentally induced autoimmunity in ani- 
mals*. Experimental autoimmune thyroiditis (EAT) can be 
induced in susceptible strains of mice, such as those with the 
MHC H-2* haplotype, by injecting them with mouse thyroglob- 
ulin together with complete Freund’s adjuvant’. In contrast, 
injection of mice homozygous for the H-2” haplotype fails to 
induce the mononuclear cell infiltration of the thyroid gland 
characteristic of EAT. We report here that susceptibility to 
induction of EAT results from an apparent point mutation 
which evidently occurred at the H-2K locus of the resistant 
H-2" haplotype. This indicates that the H-2K glycoprotein can 
serve to regulate the autoimmune response to thyroglobulin. 

Table 1 shows the results of injecting mouse thyroid extract in 
adjuvant into mice of strains C3H/eb (H-2*), C57BL/6 (H-2°) 
or its HZ1 mutant (B6.C-H-2"™)°’. C3H/eb mice demon- 
strated the response of high-responder H-2* strains with about 
80% incidence of development of EAT. Only about 20% of 
C57BL/6 mice developed lesions of EAT, as expected for low 
responder mice of H-2" strains**. However, the HZ1 (H-2°*) 
mutant showed an incidence of EAT (79%) comparable with 
that of high-responder H-2* mice. Hence, the HZ1 mutation led 
to susceptibility to EAT in mice whose original genome coded 
for resistance. 

The immunogen used in these experiments was thyroid 
extract obtained from C3H/eb mice. Mouse strains differ in the 
immunogenicity of their thyroglobulin’ and we have found that 
thyroid extract from C3H/eb mice is strongly immunogenic 
whereas that of both C57BL/6 and HZ1 mice is poorly 
immunogenic for either high- or low-responder strains of mice 
(in preparation). These findings suggest that the increased 
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Table 1 Susceptibility to EAT of the HZ1 mutant (H-2>*), and H-2° 
low- and H-2* high-responder strains of mice 





Injection of 


thyroid Antibody 

H-2 extract plus Incidence of titre 

Mouse strain haplotype adjuvant EAT (logs) 
C3H/eb k Yes 82% (46/56) 5.0 
C57BL/6 b Yes 20% (10/49) = 5.0 
HZ1 ba Yes 79% (11/14) 70 

Adjuvant 

alone 0 (0/5) <1.0 


Mice were injected twice subcutaneously at 7-d intervals with thyroid 
extract emulsified in complete Freund’s adjuvant, as described by 
Twarog and Rose’, The extract was prepared from thyroid glands of 
C3H/eb mice. Each mouse received the equivalent of one thyroid gland. 
The adjuvant”! was prepared by adding 7 mg ml”! of Mycobacterium 
tuberculosis H37Ra (Difco) to incomplete Freund’s adjuvant (Difco). 
The animals were killed 5 weeks after the second injection and histolo- 
gical sections of the thyroid glands were examined in a blind fashion by 
two independent observers. A thyroid gland was considered to be 
positive for EAT if it showed at least one unequivocal focal infiltrate of 
mononuclear cells”. Antibodies to purified thyroglobulin, prepared as 
described by Tomazic and Rose”, were measured in the pooled serum of 
mice in each group, using a haemagglutination of formalinised tanned 
sheep red blood cells’? coated with thyroglobulin. The results represent 
three separate experiments. Difference in incidence of EAT between 
C57BL/6 and HZ1 was highly significant by the x? test (P < 0.0003). 


incidence of EAT in the HZ1 mutant mice was not due to a 
change in the immunogenicity of their thyroglobulin. 

Note that all groups developed antibodies to purified thyro- 
globulin. after injection with thyroid extract in adjuvant. This 
confirms the observation that mice develop specific antibodies to 
determinants of thryoglobulin after injection with extract, 
whether or not they are genetically susceptible to histological 
EAT”. 

The HZ1 mutant has been studied in several 
laboratories’'’’* and it is generally concluded that a point 
mutation occurred at the H~2K locus of the CS7BL/6 genome. 
This conclusion is supported by the finding of differences in the 
peptide map of the H-2K glycoprotein of the HZ1 mutant, 
compared with the wild-type C57BL/6 strain’*. This molecular 
difference would seem to account for the mutual T-cell reactivity 
of C57BL/6 and HZ1 (refs 13, 16). However, the HZ1 mutant 
seems to preserve other determinants on the H-2K molecule 
which are identical to those of the H-2K” wild type’. 

There is no evidence of any differences between C57BL/6 
and HZ1 in the I region to the right of the H-2K locus, as the 
immune response (Ir) genes which functionally define the I 
region are the same in the mutant and wild-type mice’’. Thus, it 
seems very likely that the only genetic differences between the 
wild-type CS7BL/6 and the HZ1 mutant mouse are at the 
H-2K locus of the MHC’. Hence, our results indicate that the 
H-2K glycoprotein can regulate the pathological expression of 
EAT following an autoimmune response to thyroglobulin. This 
implies a major role for cytotoxic T cells in EAT. Furthermore, 
the limited portion of the H-2K° gene in which the mutation 
occurred, the Z1 locus®, seems to be critical in determining 
susceptibility to EAT. 

Previously, H-2K or H-2D gene products have been obser- 
ved to restrict the cytotoxic effects of T lymphocytes against 
target cells infected with certain viruses’®. T lymphocytes 
obtained from mice immunised against viruses will often kill 
virus-infected target cells only when the target cells and the 
lymphocytes have H-2K or H-2D genes in common. Note that 
HZ1 and C57BL/6 differ in the specificity of virus—H-2K- 
associated cytotoxicity. It is thought that associative recog- 
nition by T lymphocytes of viral antigens together with MHC 
gene products is based on the molecular association of viruses 
with MHC gene products at the surface of the infected cell’®°. 
It remains to be determined whether susceptibility to EAT also 
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involves physical association between H-2K glycoprotein and 
thyroglobulin on the surface of thyroid epithelial cells. Such an 
association could occur if MHC gene products served to control 
movement of macromolecules across cell membranes. 

The different susceptibilities to induction of EAT of the 
C57BL/6 strain and its HZ1 mutant suggest that these mice may 
be helpful in determining how MHC gene products regulate 
immune responses. Any differences between the mice in the 
handling or presentation of thyroglobulin by macrophages, 
lymphocytes or other celis could be related to the specific 
modification of the H-2K glycoprotein. Furthermore, isolation 
of purified H-2K glycoproteins may allow study of the inter- 
action of these molecules with specific determinants of thyro- 
globulin. 
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A novel subset of antigenic 
cells triggers B-cell 
responses to MHC antigens 


THE exceptional immunogenicity of major histocompatibility 
complex (MHC) antigens is well known but poorly understood. 
As there is evidence that MHC products are intimately involved 
in the presentation of antigen to T cells ' it seems reasonable to 
expect that antigenic variants of these ‘presenting structures’ 
should be very immunogenic for T cells. However, because 
MHC antigens on non-nucleated cells and in subcellular forms 
are weak T-cell immunogens and may even function as 
tolerogens’, it has been postulated that an additional signal from 
living antigenic cells is needed to stimulate the immune 
response*. The response of B cells to MHC antigens is far less 
well understood but again an additional signal from antigenic 
cells seems to be needed in some primary responses, as antigenic 
cell fragments are not immunogenic’. We report here that in 
studies of primary antibody responses to H-2-incompatible 
cells, immunogenicity is almost completely restricted to a small, 
novel subpopulation of cells found in the spleen and bone 
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Table } For induction of primary anti-H-2 PFC responses conventional T-cell 
competence in donors and recipients is not required 





Dose of PFC 
donor per spleen 
Recipient Donor spleen Mean 
Experiment strain strain cells (s.e.m.) 
i CBA B10 nu/+ and +/+ 210° 936 (155) 
CBA B10 nu/nu 2x10° 2,136 (139) 
2 nu/+ and +/+ B10 nu/nu 10° 1,800 (78) 
nu/nu B10 nu/nu 10° 2,730 (449) 
3 nu/+ and +/+ BALB/c 10’ 14,866 (4,050) 
nu/ nu BALB/c 10’ 8,370 (2,773) 
4a nu/ nu BALB/cnu/nu = 2.310% 40,577 (8,452) 
nu/ + and +/+ BALB/cnu/nu  2.3x10f 10,450 (3,215) 
4b nu/nu BALB/c nu/+ 2.3x 10° 26,717 (6,331) 
and +/+ 
nu/+ and +/+ BALB/c nu/+ 2.3x10° 21,008 (4,944) 
and +/+ 





Anti-H-2° responses were determined in experiments 1 and 2 and anti-H-24 
responses in experiments 3 and 4. PFC were assayed by the technique developed 
by Fuji et alf and modified from our method for assay of anti-Thy-1 PFC". 
Briefly, 50 pl of appropriate concentrations of spleen cells in Eagle's modified 
minimal essential medium (MEM) containing 10% heat-inactivated newborn calf 
serum (MEM+CA,,) were mixed with 20 ul of 20-40% (packed volume) of 
appropriate target cells. The suspension was warmed to 37°C and 180 wl of 1% 
agarose in MEM-CA) , kept at 45-48 °C, was added immediately before pouring 
on to 30-mm Petri dishes. These plates were incubated at 37 °C in a humidified 
10% CO, atmosphere for 3.5h, and then an anti-mouse Ig, rabbit antiserum 
(0.5 mi at 1:10) was added. Following a further incubation at 37 °C for 30 min 
1.0 ml of selected rabbit complement at 1:15 dilution (in 10% hypotonic MEM- 
CA,» containing 3 mM barbituric acid) was added. After 45 min incubation with 
complement, these plates were stained with 0.2-0.3% of Trypan blue in phos- 
phate-buffered saline for 15 min. The numbers of plaques were counted with the 
aid of a dissecting microscope. Almost all PFC detected by this technique were 
IgM-secreting cells, as addition of a specific anti-y serum (20 ul of 1:60 dilute 
antiserum) into the mixture of spleen cells and target cells before incubation 
inhibited the development of plaques. Primary PFC responses assayed on day 5 are 
shown. 


marrow. Furthermore, as the response we have studied is 
independent of T cells, these stimulating cells seem to be unique 
(perhaps specialised?) in their ability to present surface-borne 
antigen and the additional signal to responding B cells. 

The experimental system was developed from the anti-H~2 
direct plaque-forming cell (PFC) assay of Fuji et al. in which 
specificity for H-2K and H-2D region antigens has been 
established and other parameters of response have been 
defined®’; these findings have since been confirmed in our 
laboratory (in preparation). Primary responses to H-2 antigens 
were induced by intraperitoneal injection of spleen cells into 
appropriate recipients. Spleens of responding mice were 
removed after 5 days, at the peak of response, and their content 
of PFC determined in the plaque assay using the lymphoma lines 
L1210(H-2°) or EL-4G" (H—2°) as targets. 

To examine the role of T cells in the response, normal or 
T-cell deficient mice were immunised with antigenic spleen cells 
from normal or T-cell deficient donors. The response of CBA 
mice to spleen cells from C57BL/10 or C57BL/10 nu/nu 
donors (H-2”) shows that T-deficient cell populations may in 
fact provoke stronger responses than CS7BL/10 nu/+ control 
donor mice, which have a normal T-cell compartment (Table 1). 
Thus, T cells in the inoculum are apparently unnecessary for the 
induction of primary PFC in these conditions. Using outbred 
nu/nu and littermate +/+ and nu/+ recipients in combination 
with C57BL/10 nu/nu donors it is apparent (Table 1) that 
T-cell deficient recipients respond equally well or better than 
their controls to CS7BL/10nu/nu donors. Similarly, the 
response to H--2° antigens is also substantially independent of T 
cells in the donor or in responding mice (Table 1, experiments 3, 
4). Thus, conventional T-cell functions seem to have no role in 
the primary PFC response to H-2 antigens. 

These results significantly strengthen previous evidence that 
primary responses to MHC antigens of mice (and rats) are 
mainly independent of conventional T-cell activity*®’. It is, 
however, unexpected that glycoproteins such as MHC antigens 
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should induce substantial T-cell independent responses. First, 
their physical properties are at marked variance with properties 
common to other T-cell independent antigens, such as a poly- 
meric molecular structure and slow catabolism in vivo". 
Second, and in contrast to H-2, we have shown that the primary 
PFC response to another glycoprotein surface antigen, Thy-1, is 
dependent on T-cell mediated helper effects produced by other 
surface antigens coded elsewhere in the donor genomet”, 
Taken together, these apparently contradictory observations 
suggest that the molecular and antigenic properties which 
determine the immunogenicity of cell-surface antigens cannot 
be predicted from present knowledge and are likely to be quite 
different from those for molecular antigens in solution. 

In further experiments, to be reported in detail elsewhere, we 
found that some lymphoid tissues were markedly more 
immunogenic than others (for example, spleen cells are approx- 
imately 20 times more active at stimulating PFC than lymph 
node cells, and unfractionated peritoneal cells are virtually 
inactive). However, the density of H-2 antigens as determined 
by absorption tests was indistinguishable in the different cell 
populations. We therefore postulated that immunogenicity for 
primary PFC may not be related simply to the amount of H-2 
antigen on the donor cell inoculum but could reside in an 
immunogenic subpopulation of cells which is present in higher 
frequency in the spleen. To examine this possibility donor spleen 
cells were fractionated with respect to (1) adherence to nylon 





Table 2 Characterisation of spleen cells immunogenic for primary anti-H-2 PFC 


Experiment Donor Cell Dose of PFC 
(recipient pre- Fractionation recovery viable per 
strain) treatment Adherence Density (% ) cells spleen 
1. (CBA) Unseparated 100 2xX10° 2,136 
Adherent 31 (55) 2x 108 900 
Non-adherent 22 (45) 2x106 $028 
2. (CBA) Unseparated 1x10° 1,356 
Non-adherent 1x10° 1,548 
Non-adherent Lowt 5x 10° 0 
Non-adherent Lowt 5x 10° 0 
Non-adherent High? 5x10 1,608 
3. (CBA) Non-adherent 1x105 0 
Non-adherent 5x 10° 348* 
Non-adherent ie 62 (85) 5x 10° 0 
Non-adherent Low 5x 10° 0 
Non-adherent poe 1118) 1x 10° 120* 
Non-adherent High "Sx 10% 1,425 
4. (C57 Adherent 1x 10° 225* 
BL/1O) Non-adherent Low ix 10° 0 
Non-adherent Low 2 10° 20* 
Non-adherent High 1x10° 32,364 
5. (CBA) Normal spleen {x105 7° 
Normal cen 100 1x10® 9,945 
Normal spleen 1x10" 7,704 
Irradiation Unseparated \ 8 5x 10% 15° 
Irradiation Unseparated 1x10° 7,632 
Irradiation Adherent 1x10° 1,020 
Irradiation Non-adherent Low 1x10° 0 
Irradiation Non-adherent High 5x 10° 315 
Irradiation Non-adherent High 5x10 13,812 


The results show that the immunogenicity belongs to a small subset of cells which 
is relatively non-adherent to nylon wool, of unusually high density, and resistant to 
irradiation administered in vivo. Donor BALB/c mice were irradiated at 900 R 
from a Co source 20 h before removal of spleens. For fractionation, 1 ml of an 
appropriate concentration (5 x 10’ mi~’) of spleen cells from normal or irradiated 
BALB/c mice in MEM containing 5% fetal calf serum (MEM-F.,) were loaded on 
nylon wool columns each of 0.6 g in a 6-ml volume. Nylon-non-adherent cells were 
eluted after incubation of the columns at 37 °C for 1 h by the procedure of Julius er 
al”. Nylon-adherent cells were also collected after thoroughly washing the 
columns according to the method of Trizio and Cudkowicz*’. Five ml of the 
suspension of nylon-non-adherent cells (< 10’ p/mi~') were layered on 3 ml of 
Ficoll-Hypaque solution (p = 1.082) and centrifuged at 3,000 r.p.m. for 20 min at 
20°C. The peilet fraction (high-density fraction) and interface fraction (low- 
density fraction) were collected and washed three times with MEM at 150 g for 
8 min. Day 5 primary PFC responses are shown. Each value represents the mean of 
five mice. The standard error of each value is less than 25%, except the values 
marked with an asterisk (= 25%). Donor cells for experiment 4 were irradiated in 
vitro at 2,000 R before injection. Cell recovery is given as the percentage of 
recovery of cells in each fraction to overall recovery of cells after fractionation. 

t Treated with 0.83 M ammonium chloride to lyse erythrocytes before injection. 
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Table 3 Ability of spleen cell fractions to stimulate PFC to H-2 antigens does not 
correlate with their stimulatory ability in MLC 


eh ee Se 


Cell fraction i MLC 
Buoyant PFC per 
Nylon-adherence density c.p.m, Index spleen 

a‘ a MLM 

Original 65,112 5.3 
Adherent _ 45,748 3.7 225 (61) 
Non-adherent — 29,040 2.3 
Non-adherent Low 43,972 3.6 0 (0) 
Non-adherent High 7,854 —0.6 32,364 (6,990) 

(Syngeneic control) 12,264 1.0 


ER ne een een eer renee errr —eeaee—ees 


For MLC, 610° CBA spleen cells in 0.1 ml of RPMI medium containing 
10 mM HEPES, 5 x 1075 M 2-mercaptoethanol and 5% heat-inactivated fetal calf 
serum were mixed with 6 x 10° CBA spleen cells (syngeneic control) or BALB/c 
spleen cells which had been fractionated and irradiated at 2,000 R. They were 
incubated in a humidified, 10% CO, atmosphere at 37 °C for 5 d, and then pulsed 
with 1 pCi of ['51]5-iodo-2'-deoxyuridine. After 4 h incubation the cultures were 
collected on filter paper for counting. MLC results are the mean of three to four 
cultures. PFC results are day 5 primary anti-H-2 PFC responses of B10 mice 
injected with 10° cells. This is part of experiment 4 in Table 2. Values represent 
mean PFC (s.e.m.). 


wool, (2) buoyant density and (3) resistance to y-irradiation 
administered in vivo 1 day before the donors were killed. It is 
clear from results using nylon wool columns (Table 2, experi- 
ments 1, 2, 4, 5, and Table 3) that on comparing inocula of viable 
cells, the immunogenic cells are enriched in the non-adherent 
fraction and significantly depleted in the adherent fraction. 
Subsequent fractionation of the non-adherént cells on Ficoll- 
Hypaque (density 1.082 g cm™*) showed that immunogenic cells 
are enriched in the dense fraction (the pellet) and virtually 
absent in the lymphoid cell-rich, interface buoyant fraction 
(Table 2, experiments 2-5, and Table 3). 

The radiosensitivity of the immunogenic cell fraction was 
assessed by irradiation of donors with 900 R from a ®°Co source 
20h before removal of their spleens. It is evident (Table 2, 
experiment 5) that spleen cells from irradiated donors are 
considerably more immunogenic than similar numbers of 
normal spleen cells. Further fractionation of this irradiated 
population of nylon wool columns resulted in decreased 
immunogenicity in the adherent cell fraction, as before. The 
non-adherent fraction was separated on Ficoll-Hypaque and 
showed, also as before, no immunogenicity of the interface cells 
but very high immunogenicity of the dense fraction. The factor 
of enrichment for the subpopulation of immunogenic cells with 
the three procedures in combination is estimated to be 50- to 
70-fold. The data presented above, together with the unusual 
tissue distribution of the immunogenic cells, their presence in 
nude mice, the results of the fractionation procedures and some 
unpublished results, make it unlikely that the immunogenic cells 
are conventional T, B or macrophage-like cells. Furthermore, 
cells of the granulocytic series which are usually enriched in 
high-density fractions are highly radiosensitive and adherent to 
nylon, as confirmed by microscopic observation. 

Recent evidence indicates that specialised accessory cells are 
highly efficient in the presentation of antigen to T cells’, and 
these cells are the most active in stimulating allogenic responses 
in mixed leukocyte cultures (MLC)’*. As the MHC antigens on 
the non-adherent, dense cells stimulated B cells to produce PFC 
in our experiments, we also examined the ability of these cells to 
stimulate T cells in MLC’®. As shown in Table 3 no correlation 
was observed between cell fractions which stimulated in MLC 
and those which stimulated PFC in the same experiment. In fact, 
the non-adherent high-density fraction, which is by far the most 
effective in inducing PFC, reproducibly induced little or no 
MLR. This result, taken with the other physical parameters 
considered above, seems to distinguish the novel PFC-stimu- 
lating fraction from the cells considered to be functionally 
specialised for antigen presentation to T cells** 57, 

The normal role of these B-stimulating cells in the immune 
system is unknown but their unusual properties should facilitate 
investigation. However, in vitro studies show that accessory cells 
or antigen-presenting cells are involved in B-cell triggering for 
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T-cell dependent’? and possibly some T-cell independent 
responses'*?, Such cells may be identical to the antigen- 
presenting cells for T-cell responses or may comprise a new 
subpopulation of cells. The novel subset of cells reported here to 
be exceptionally immunogenic for B cells may have a role in 
antigen presentation and B-cell triggering. 
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CFU-S in individual erythroid 
colonies derived 
in vitro from adult mouse marrow | 


IT is generally accepted that in the haematopoietic system there 
is a hierarchy of pluripotent and committed progenitor cell 
types. Representative committed progenitors from all the 
myeloid and lymphoid pathways can be detected by in vitro’ 
colony assays’. This methodology has been extended to include 
multipotent haematopoietic progenitors” °, and it has since been 
shown that at least one such multipotent cell type, the progenitor 
of macroscopic erythroid-megakaryocyte bursts, undergoes 
self-renewal during colony formation in vitro”. We now report 
that cells capable of macroscopic spleen colony formation 
(CFU-S)° are present in macroscopic bursts and that on average 
two to three and up to five self-renewal divisions of CFU-S can 
occur during the first 9 d of burst growth. These findings raise the 
possibility that clonal analysis techniques’ may be combined 
with cell culture manipulations to investigate how the choice 
between self-renewal and progressive differentiation is deter- 
mined. 

Macroscopic bursts were generated in standard methyl- 
cellulose cultures containing 2.5 units ml’ erythropoietin 
(Connaught, Step III) and pokeweed mitogen-stimulated spleen 
cell conditioned medium (final concentration 0.3%) as pre- 
viously described’. These conditions are optimal for macro- 
scopic burst formation and give a linear relationship between 
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Fig. 1 Burst formation as a function of the number of cells plated. Cells 

were pooled from three replicate 2-week-old flask cultures maintained and 

assayed as described in the text. The number of cells in each assay dish is 

expressed as a fraction of the total number of non-adherent cells collected 

per flask. In this experiment 1/100th of a flask contained 6.4 x 10* cells. 

Values shown represent the mean count +1s.e.m. for a minimum of four 
assay replicates. 


burst number and cell concentration (Fig. 1). They are 
inadequate for significant granulocyte colony formation. The 
cells used for plating were from the non-adherent cell fraction of 
2-week-old flask cultures prepared using adult B6C3F, mouse 
marrow cells as previously described**. Although cells capable 
of macroscopic burst formation are present in fresh as well as 
cultured adult marrow, their incidence in fresh marrow is much 
lower (only 5-10 per 10° nucleated cells) and they constitute less 
than one-third of the total late-maturing burst progenitor popu- 
lation’. In the conditions of flask culture used here, there is a 
preferential proliferation and survival of macroscopic burst 
progenitors so that by 2 weeks their concentration reaches 
30-50 per 10° nucleated cells and they constitute the pre- 
dominant erythropoietic cell type**. Thus, by plating 2-5 x 10° 
flask cultured cells (that is, 1/200th of a flask, washed and 
diluted in a-medium plus 2% fetal calf serum) 10-20 well 
isolated macroscopic bursts were obtained in each assay dish 
(Fig. 1), and the problem of contaminating background colonies 
derived from either granulopoietic progenitors (CFU-C) or 
more mature erythropoietic progenitors (day 14 BFU-E micro, 
day 3 BFU-E, CFU-E) was also eliminated. After 9 d of incuba- 
tion, macroscopic bursts could be readily identified as red spots 
visible to the unaided eye (Fig. 2a). Such bursts were picked and 
assayed for CFU-S (see Table 1 legend for details). Macroscopic 
spleen colony counts were carried out on day 9 (Fig. 2b). 

Of 25 macroscopic bursts assayed individually, 11 (44%) 
produced spleen colonies (Table 1a). On average each produced 
one spleen colony although values of up to four were obtained. 
The incidence of approximately one CFU-S per macroscopic 
burst was confirmed when suspensions consisting of four or eight 
pooled macroscopic bursts were assayed, and the proportion of 
pools that were positive increased to 78% and 87%, respec- 
tively. The wide distribution of values obtained for different 
pools of four and even eight bursts also confirms the hetero- 
geneity seen when individual bursts were assayed. Presumably, 
some of the macroscopic bursts contained at least four times the 
overall average number of CFU-S. Using an estimate of 0.15 for 
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the seeding fraction (f)'°, the total CFU-S per macroscopic 
burst was on average 6.7 and must have reached at least 27 in 
some bursts. This would indicate an average of two to three, and 
up to five self-renewing cell divisions. 

Spleen colony formation was not associated with a cell type 
that occurred randomly throughout the burst assay culture, for 
aliquots of ‘background’ culture equivalent to three times the 
culture volume contained in a pool of eight macroscopic bursts 
did not produce spleen colonies (Table 1a). Irradiation of the 
injected cells also eliminated spleen colony formation (Table 
15). In addition, karyotype analysis of metaphases in female 
recipient spleens removed 10 d after irradiation and injection 
with male macroscopic bursts showed 33 of 37 metaphases to be 
of male, that is, burst cell, origin (of the remaining four 
metaphases, three were scored as probable males and one as 
female). For this analysis three spleens with visible surface 
colonies were made into single cell suspensions 1-2 h after 
intraperitoneal injection of 50 pg colcemid. Metaphase spreads 
were C or trypsin G-banded and a sample of technically suitable 
metaphases photographed and evaluated by P.J. and F.D. for 40 
chromosomes and the Y chromosome’?. These results indicate 
that the spleen colonies obtained resulted from proliferation of 
cells originally present in macroscopic bursts. 

Previous experiments with macroscopic bursts have suggested 
a close relationship between their progenitors and CFU-S°. The 
present findings provide direct evidence for overlap between the 
cell populations detected by these two assays. Further experi- 
ments will be required for full characterisation of the in vivo 
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Table 1 Number of spleen colonies produced by samplings from macroscopic 
burst assays 








a Macroscopic burst cells vs surrounding culture medium (background) 


1 Macro 4 Macro 8 Macro 
burst per bursts per bursts per 
recipient recipient recipient Background 
Exp. 1 2,0,4,2,0 13,1,0,1,17 4,13,1,2,3 0, 0, 0, 1 
Exp, 2 ie | a ae a 3,1,0,6,0 12,2,5,22,0 0,0,0,0,0 
0, 3, 4, 5 0, 0, 1 
Exp. 3 ND 4,7,2,7 ND 0, 2, 0, 0 
Exp. 4 0, 0, 0,0, 1 ND 0, 20,2,10,8 0,1,1,1,0 
3, 0, 3, 6, 0, 
4, 1, 0, 0, 0 
CFU-S 
per pool 1.00.3 41+1.1 6.94 1.8 0.3+0.1 
(mean + 
s.e.m.)} 
CFU-S 
per macro 1.0 1,0 0.9 mm 
burst 
b Non-irradiated vs irradiated macroscopic burst cells 
Non-irradiated Irradiated 


Exp. 5 In vivo irradiation 6, 2, 2, 2, 19, 22,27 0, 0, 0, 0, 0, 0, 0, 0 
Exp. 6 In vitro irradiation 5,2,1,2,4 0, 1, 1, 0,0, 0,0 
anneanne 
Using an inverted microscope, 9-d-old isolated macroscopic bursts were selec- 
ted and taken up individually into a sterile, finely drawn out Pasteur pipette 
containing a small quantity of a-medium. Care was taken to remove each burst in 
the smallest volume possible (by weighing dishes this was determined to be no 
more than 1/250th of the total 1.0-m! culture volume) to minimise further any 
possible contamination with extraneous cells. The required number of macros- 
copic bursts were placed in a small volume of a-medium on ice and a single cell 
suspension obtained by gentle aspiration through a no. 21 needle before injection 
through a no. 26 needle. B6C3F, recipient mice were given 850 rad whole-body 
radiation“ followed by up to 0.6 ml of test material injected into the tail vein. For 
background values aliquots containing 10% of the culture volume (0.1-ml 
volumes) were picked at random under microscopic visualisation avoiding only 
macroscopic bursts and other large colonies (> 100 cells). This volume represents 
3x that picked for assays of eight macroscopic bursts and 24x that picked for 
assays of single bursts. S.e.ms were calculated by pooling data from exps 1-4. b In 
exp. 5, 8 separate pools, each containing 16 macroscopic bursts, were prepared. 
Each pool was then subdivided equally between two mice. One of these had 
already been given 850 rad whole-body X-irradiation before injection in the 
normal fashion. The other was not irradiated until immediately after injection so 
that in this group both the cells to be assayed and the recipients were exposed to the 
same 850-rad treatment. In exp. 6, 4 separate pools, each containing 16 macro- 


scopic bursts, were prepared. Half of each pool was divided and assayedforCFU-§ |. 


in two recipients in the usual fashion. The other half of each pool received 
1,000 rad (X ray) in vitro before being divided and assayed for CFU-S in two~ 
recipients. ND, not determined. 
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Fig. 2 a, Gross appearance of macroscopic bursts from 2-week flask 

cultured marrow seen in assay dishes after 12 d incubation (2). b, Gross 

appearance of spleen (fixed in Tellyesniczky’s solution) showing colonies 
produced 9 d after injection of eight macroscopic bursts ($x). 


repopulating and differentiative potentialities of cells derived 
from macroscopic burst progenitors. 

The broad distribution of CFU-S numbers in individual bursts 
is of interest, as it approaches that observed for CFU-S self- 
renewal in spleen colonies'®*'*. The number of cells plated in 
burst assay cultures was low. It thus seems most likely that the 
distribution observed was due to statistical fluctuations’’ rather 
than micro-environmental influences'*. This does not negate the 
possibility that in complex cell systems, stem cell growth and 
differentiation can be locally influenced by other cell types in the 
immediate vicinity. It does, however, suggest that their effects 
can be studied using soluble factors. The high frequency of 
CFU-S per burst demonstrated here is an order of magnitude 
higher than that recently reported for mixed haematopoietic 
colonies of early fetal liver cell origin’*. Thus, experiments to 
analyse the progeny of individual adult marrow stem cells 
stimulated in vitro are now possible. An immediate application 
will be to study the possible influence of various molecular 
factors on the self-renewal and differentiative behaviour of 
these stem cells. 
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dation. P.B.J. and R.K.H. are supported by the MRC of Canada. 
A.C.E. is a Research Scholar of the British Columbia Health 
Care Research Foundation. C.J.E. is a Research Associate of 
the National Cancer Institute of Canada. 


R. K. HUMPHRIES 


P. B. JACKY 
F. J. DILL 
Department of Medical Genetics, 
University of British Columbia 
A. C. EAVES 


Department of Medicine, 
University of British Columbia 


0028-0836/79/0279—0720$01.00 


Nature Vol. 279 21 June 1979 


C. J. EAVES 
Medical Biophysics Unit, 
British Columbia Cancer Research Center 
and 
Department of Medical Genetics, 
University of British Columbia, Canada 


Received 12 March; accepted 2 May 1979. 


= 


. Metcalf, D. Recent Results in Cancer Research: Hemopoietic Colonies (Springer, New York, 
1977). 
. Johnson, G. R. & Metcalf, D. Proc. nam. Acad. Sci, U.S.A. 74, 3879-3882 (1977). 
. Hara, H. & Ogawa, M. Am. J. Hemat. 4, 23-34 (1978). 
. Fauser, A. A. & Messner, H. A. Blood §2, 1243-1248 (1978). 
. Humphries, R. K., Eaves, A. C. & Eaves, C. J. Blood $3, 746-763 (1979). 
. Till, J. E. & McCulloch, E. A. Radiat. Res. 14, 213-222 (1961). 
. Gregory, C. J. & Henkelman, R. M. in Experimental Hematology Today (eds Baum, S. J, & 
Ledney, G. D.) 93-101 (Springer, New York, 1977). 
8. Gregory, C. J. & Eaves, A. C. in Sth Cold Spring Harbor Conference on Cell Proliferation, (eds 
Clarkson, B., Marks, P. A. & Till, J. E.) 179-192 (1978). 
9, Dexter, T. M., Allen, T. D. & Lajtha, L. G. J. cell. Physiol. 91, 335-344 (1977), 
10. Siminovitch, L., McCulloch, E, A. & Till, J. E. J. cell. comp, Physiol. 62, 327-336 (1963). 
11. Nesbitt, M. N. & Francke, U. Chromosoma 41, 145-158 (1973). 
12. Metcalf, D. & Moore, M. A. S. Hemopoietic Cells, 93-96 (North-Holland, Amsterdam, 
1971). 
13. Till, J. E.. McCulloch, E. A. & Siminovitch, L. Proc. natn. Acad. Sci. U.S.A. $1, 29-36 
(1964), 
14. Curry, J. L., Trentin, J. J. & Wolf, N. J. exp. Med. 125, 703-720 (1967). 
15. Metcalf, D., Johnson, G. R. & Mandel, T. E. J. cell, Physiol. 98, 401-420 (1979), 


aonuws wh 








Evidence that substance P does 
not mediate slow synaptic 
excitation within the myenteric plexus 


ELECTRICAL stimulation of presynaptic fibres to the so-called 
AH! or type II’ myenteric neurones in guinea pig small intestine 
evokes a slow excitatory postsynaptic potential (e.p.s.p.) 
characterised by long-lasting depolarisation associated with 
increased membrane resistance and augmented excitability’. 
Two substances have been implicated as possible neurotrans- 
mitters for the slow e.p.s.p. Katayama and North reported that 
application of substance P to myenteric neurones mimicked the 
slow e.p.s.p.*, and J.D.W. and C.J.M. presented several lines of 
evidence for serotonin as the transmitter substance**. We now 
report that methysergide, a drug which abolishes both the slow 
e.p.s.p. and the action of exogenous serotonin”, does not affect 
the action of substance P on guinea pig myenteric neurones. The 
results suggest that substance P is unlikely to be the neuro- 
transmitter which mediates the slow e.p.s.p. 

We used conventional methods, which are described in detail 
elsewhere, to record intracellular electrical activity and to evoke 
the slow e.p.s.p. in myenteric ganglion cells of guinea pig small 
intestine*. Substance P from three different sources (Beckman, 
Serva and Sigma) and methysergide (Sandoz) were applied to 
the neurones by adding the drugs to the superfusion solution. 

We tested substance P 41 times on 35 ganglion cells from 15 
guinea pigs. The compound produced a dose-dependent 
membrane depolarisation in 30 of the ganglion cells and had no 
effect on 5 of the cells (Figs 1, 2). In 22 neurones, the depolaris- 
ation was accompanied by an increase in membrane resistance, 
with a decrease in 8. The increase in input resistance did not 
seem to be related to membrane rectification, and probably 
reflects decreased membrane conductance for potassium, as 
suggested by Katayama and North*. The membrane depolarisa- 
tion reached a plateau, and after 45-60s in substance P, 
repolarisation, apparently reflecting tachyphylaxis, began. The 
effects of substance P were reversed when the preparations were 
washed with drug-free Krebs solution (Fig. 1). 

Substance P had the same dose-dependent effects in the 
presence and absence of methysergide (Fig. 2). On all occasions, 
the membrane depolarisation produced by the three concen- 
trations of substance P in the presence of methysergide was not 
significantly different (P > 0.10) from the values obtained in its 
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Fig.l Effects of methysergide on the slow e.p.s.p. and on the action of 
substance P in a myenteric neurone of guinea pig small intestine. Each 
neurone was impaled with the microelectrode and the following procedure 
carried out. (1) Constant current, hyperpolarising pulses were continuously 
injected into the neurone at 1-s intervals to monitor changes in the neurone's 
input resistance. (2) Three concentrations of substance P (10, 100 and 
300 nmol !~') were applied to the neurone in succession, but in variable 
order. Each concentration of substance P remained in contact with the 
neurone for 2 min and was then washed from the superfusion system for a 
period of 5 min with drug-free Krebs solution before addition of the next 
concentration of substance P. (3) The slow e.p.s.p. was evoked by electrical 
stimulation of one of the interganglionic fibre tracts that entered the 
ganglion. (4) Methysergide 20 umol 1~' was then added to the superfusion 
solution. (5) After 5 min in the presence of methysergide, electrical stimula- 
tion was again applied to the fibre tract. The same stimulus parameters were 
used and the stimulating electrode remained in the same position on the fibre 
tract throughout the experiment on each neurone. (6) The three concen- 
trations of substance P were then applied in the same manner in the 
continuous presence of methysergide. (7) The methysergide was washed 
from the superfusion system and electrical stimulation was again applied to 
the fibre tract. (8) Current-voltage relationship and rectifying properties of 
the neuronal membrane were examined. The microelectrode was sometimes 
dislodged from the cell before completion of the above sequence and this is 
reflected in the numerical data of Fig. 2. We also sometimes repeated the 
entire sequence on the same cell. a,, Slow €.p.s.p. evoked by application of a 
short train of stimulus pulses (arrows) to one of the fibre tracts that entered 
the ganglion. Increased amplitude of the electrotonic potentials produced by 
current injection (increase in baseline width) reflected an increase in the 
input resistance of the neurone during the depolarising phase of the €.p.s.p. 
One spike with a long-lasting hyperpolarising after-potential occurred at the 
peak of the e.p.s.p. 6,, Fibre tract stimulation did not evoke a slow e.p.s.p. in 
the presence of methysergide. a, (100 nmol 1~'), a, (300 nmol !~'), Dose- 
dependent depolarising action of substance P. ba (100nmoll'), b, 
(300 nmol 1~*), The presence of methysergide did not reduce the dose- 
dependent action of substance P. This neurone in each case was exposed to 
substance P for 2 min and then substance P washed from the superfusion 
system. 


Depolarisation as % resting potential 





0 0.01 Ol 0.3 
Substance P (jam) 


Fig. 2 Dose-dependent effect of substance P on the electrical potential 
across the membrane of guinea pig myenteric neurones in the presence and 
absence of 20 pmol |"! methysergide. The maximal amount of depolarisa- 
tion produced by each concentration of substance P is expressed as the per 
cent of the resting potential before application of the peptide. Results given 
are mean values, s.¢.ms, number of trials per concentration and the level of 
statistical significance. The arc sine transformation and Student's t statistics” 
were used to determine the level of significant difference between the means 
for each concentration of substance P in the presence and absence of 
methysergide. D, Substance P; W, Substance P + methysergide. 
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absence. Similarly, the changes in input resistance produced by 
substance P were unaffected by methysergide. On the other 
hand, on the same cells, the presence of methysergide abolished 
the stimulus-evoked slow e.p.s.p. (Fig. 1), but this effect was 
reversed by washing the preparation with drug-free solution. 
Previous studies indicated that this blocking action of methy- 
sergide was due to a specific action at serotonin receptors and 
not a local anaesthetic action, because electrical stimulation stil] 
elicited spike discharge in the neurone when the slow €.p.s.p. 
was blocked in the presence of methysergide*’. 

Our observation that methysergide abolishes the slow €.p.s.p. 
without affecting the action of substance P makes it unlikely that 
substance P is the transmitter. Methysergide does block the 
action of serotonin and this, as well as several other lines of 
evidence, implicate serotonin as the neurotransmitter’. In the 
brain, the observation that substance P and serotonin occur 
within the same synaptic vesicles’ Suggests a functional rela- 
tionship between the two substances; however, such a relation- 
ship has not yet been demonstrated. 
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Serum triggers a sequence of rapid 
ionic conductance changes 
in quiescent neuroblastoma cells 


SERUM is required for the growth of nearly all animal cells in 
culture, but the mechanisms by which serum interacts with cells 
are largely unknown". Evidence exists, however, that the pri- 
mary site of action of the serum constituents is at the plasma 
membrane. For example, the first detectable events following 
serum stimulation of resting fibroblasts involve alterations in 
membrane transport, such as a stimulation of the (Na* + 
K")ATPase** and an increase in the uptake of various 
nutrients*. Most of this evidence has been obtained using tracer 
flux techniques, but the relatively poor time resolution of this 
method (of the order of minutes) has precluded detection of 
dynamic membrane changes that may occur within seconds of 
serum addition. We have applied intracellular electrophysio- 
logical techniques in a search for rapid ionic membrane events 
following serum stimulation of mouse neuroblastoma cells. 
These cells stop growing (become ‘quiescent’) after serum 
removal and begin to extend neurites, but on re-addition of 
serum the neurites retract and cell division resumes’. Here we 
report that the immediate consequence of adding fetal calf 
serum (FCS) to quiescent neuroblastoma cells is a triphasic 
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Fig. 1 a, Intracellular recording from a N1E-115 cell during 
addition of FCS (Flow lot no. 2927028) showing the characteristic 
triphasic voltage response. Arrow indicates time at which the 
bathing solution was rapidly exchanged for serum-containing 
solution (final FCS concentration 30% ). Membrane resistance was 
monitored as the voltage response to brief hyperpolarising current 
pulses (200 ms; 0.1-0.5 nA). Dashed line represents zero potential 
level. b, Oscilloscope recording of the initial phase, clearly showing 
the changes in membrane resistance. Membrane resistance during 
peak of phase I was decreased as much as eight-fold (corrected for 
voltage dependence). Temperature was 36+ 1 °C. 


membrane potential response, caused by a series of transient 
ionic permeability changes, the first of which is a rapid and 
transient increase in Na” conductance. These conductance 
changes, which are distinctly different from those underlying 
electrical excitability, seem to be the first events following serum 
stimulation and may provide a clue to the mode of action of 
serum growth factors. 

Cells of mouse neuroblastoma clone N1E-115 (ref. 8) were 
used as the model system because their relatively large cell size 
and their high specific membrane resistance make them most 
suitable for electrophysiological study’’°. The NIE-115 cells 
were grown at 37 °C on circular glasses (diameter 1.5 cm; plating 
density 2x 10* cells per cm’) for 2d in Dulbecco’s modified 
Eagle’s medium (DMEM) containing 10% FCS and 20mM 
HEPES (pH 7.4), and were subsequently incubated in serum- 
free DMEM for at least 24h. For experimental convenience 
dimethyl sulphoxide (DMSO, 2% v/v) was sometimes added to 
the growth medium to induce an enlargement of the average cell 
size''. DMSO treatment had no effect on the serum-dependent 
membrane properties. 

Intracellular recordings were made with conventional elec- 
trophysiological techniques’°, while the cells were bathed either 
in serum-free DMEM (0.5 ml; 35-37 °C) or in a salt solution 
with the equivalent ionic composition (130 mM NaCl, 5.5 mM 
KCl; 1.8 mM CaCl,; 0.8 mM MgCl; 20 mM HEPES, pH 7.4). 
Heat-inactivated FCS was added by exchanging within a few 
seconds the serum-free solution for FCS-containing solution. 
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Fig. 2 Effects of increased Ca** concentration on the serum- 
induced voltage response. After FCS addition in normal solution 
(a) the culture was washed and exposed to a 10 mM Ca”* saline. 
The same cell was then re-penetrated and after adjustment of the 
resting potential to its original level, FCS (containing 10 mM Ca’*) 
was added again (b). Note the marked enhancement of phase Il ina 
hyperpolarising direction, accompanied by a reduction in 
membrane resistance. Dashed lines represent zero potential level. 
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N1E-115 cells in serum-free medium maintained resting 
potentials between —30 and —45 mV and had membrane resis- 
tances varying from 10 to 40 MQ. As illustrated in Fig. 1, 
addition of FCS (final concentration 30%) immediately elicited 
a characteristic triphasic voltage response. The initial phase (I) 
was a rapid depolarisation, reaching maximum values between 
-5 and ~15mV within a few seconds, accompanied by a 
substantial fall in membrane resistance. During the next 5-10 s 
the membrane repolarised to a potential value near the original 
resting level (phase II), while the membrane resistance only 
partially recovered. This hyperpolarising phase was followed by 
a new depolarising phase (III), accompanied by a gradual 
decrease in membrane resistance. Phase III reached a plateau 
value of about —25 mV at 40-70 following FCS stimulation. 
Finally, both membrane potential and resistance slowly 
increased again to new steady-state values which were consis- 
tently lower than the prestimulation values. This final recovery 
usually took 4-8 min, but was occasionally much slower (up to 
20 min). Peak values of the serum response were dose depen- 
dent, showing saturation at a FCS concentration of about 30%. 
Addition of DMEM containing a high concentration of bovine 
serum albumin (BSA, final concentration 25 mgml™’, cor- 
responding to the value in 50% serum) was without any elec- 
trical effect. After washing out the FCS-containing medium the 
serum response could be elicited again in the same cell. This 
procedure could be repeated several times before the response 
eventually became ‘desensitised’. 
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Fig. 3 Effects of growth-depleted and fresh serum (20%) on the 

same cell. Depleted FCS was obtained by a 3-day exposure of 

DMEM and 20% FCS to a confluent N1E-115 culture, with daily 

adjustment of the medium pH to 7.4. Dashed line represents zero 
potential level. 


The ionic mechanisms underlying the sequential phases were 
evaluated by measuring the null or reversal potential of the 
distinct peaks as a function of changes in the external ionic 
concentrations. The null potential of phase I varied between —5 
and +10 mV and was dependent on the external Na* concen- 
tration. A threefold reduction of [Na*] (choline substituted) 
resulted in a 20 mV shift of the null potential. A 10-fold 
reduction of external [Ca**], however, did not significantly 
influence the properties of phase I. These results indicate that 
phase I is mainly caused by an increase in Na* permeability. This 
phase is not affected by the Na*-channel blocker tetrodotoxin 
(10°° g mi’), however, and corresponds to a peak of inward 
current in voltage-clamp conditions (not illustrated). Thus, it 
follows that the serum-activated Na” conductance is clearly 
different from the voltage-dependent Na” channel underlying 
the generation of the neuroblastoma action potential’®. 

Phase II reached maximum hyperpolarising values of up to 
—45 mV. In view of the reduced resistance value this suggests an 
increase in permeability to K*, which is the only ion with an 
equilibrium potential (Ex) more negative than the resting 
potential (Ex=—-75 mV (ref. 10)). The activation of one 
component of the K* permeability in neuroblastoma cells has 
been found to depend on Ca” influx’*. Enhancing the driving 
force for Ca?” influx by increasing external [Ca*’] from 1.8 to 
10 mM resulted in a striking shift of the peak value in a hyper- 
polarising direction towards Ex, accompanied by a further 
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decrease of the membrane resistance (Fig. 2). Maximum peak II 
values in high [Ca**] solution approached —60 mV and were 
ea by about 40 mV following a 10-fold increase in external 
K*]. 

The dependence of phase II on both external Ca2* and K* 
Strongly suggests that this phase reflects an increase in K* 
permeability, accompanied or preceded by a net Ca?” influx into 
the cytoplasm. The resulting increase in intracellular [Ca?*] is 
then thought to underly the Ca**-dependent membrane hyper- 
polarisation’’. 

The reversal potential of phase III was around —25 mV and 
was sensitive to changes in external [Na*] and [K*], whereas 
changes in external [Ca**] were without Significant effect. 
Quantitative evaluation of the ionic selectivity during phase III 
is difficult, however, as the internal ionic concentrations are 
likely to change during this prolonged phase of ionic ‘leakiness’. 
We can state, nevertheless, that both Na* and K* permeability 
are enhanced during phase III. 

The present results are the first direct evidence that serum 
rapidly triggers dynamic membrane permeability changes to 
Na’, Ca** and K* ina specific temporal sequence. In the only 
previously published electrophysiological study on growth stim- 
ulation, serum has been reported to depolarise the membrane of 
embryonic rat cells, but the underlying ionic mechanisms have 
not been elucidated’. Interestingly, the present data are 
reminiscent of the first detectable events occurring at egg fertili- 
sation. Sperm-egg interaction triggers a transient ‘fertilisation 
potential’, brought about largely by a rapid increase in Na* 
permeability’. 

A major and intriguing question now is to what extent the 
rapid serum effects are involved in the triggering of subsequent 
biochemical events, in particular those which ultimately lead to 
the initiation of DNA synthesis and cell division. For example, 
the rapid Na” conductance changes might lead to a stimulation 
of Na‘ -coupled transport processes and to an increase in (Na* + 
K*)ATPase activity’*. Figure 3 shows that application of 
growth-depleted FCS, incapable of supporting growth, fails to 
induce a significant electrophysiological response. This result 
supports the view that the rapid ionic events are due to the 
growth-promoting factors in serum. Future investigations of 
early changes in membrane-linked events as well as charac- 
terisation of the serum factors involved should clarify the possi- 
ble role that the phenomena described here have in growth 
control. 
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Gramicidin A crystals contain 
two cation binding sites per channel 


GRAMICIDIN A, a pentadecapeptide antibiotic from Bacillus 
brevis, dimerises to form transmembrane channels in biological 
and synthetic membranes’ *. These channels are permeable to 
alkali cations and protons, impermeable to anions and blocked 
by calcium ions**. The high transport rate (~107 ions "a E 
moderate selectivity and simplicity of the gramicidin channel 
make it an attractive model for elucidating the mechanism of ion 
transport in biological membranes. Our previous X-ray crystal- 
lographic study showed that crystals of native gramicidin and of 
its complex with caesium ion contain cylindrical channels which 
are formed from helical dimers of gramicidin’. We also found 
that the binding of caesium leads to a large conformational 
change: the length of the channel decreases from 32 to 26 Å, 
whereas the diameter of the cylinder formed by the peptide main 
chain atoms increases from about 5 to 6.8 rd We report here 
X-ray studies showing that the same conformational change is 
induced by the binding of potassium ion. Furthermore, the 
isomorphism of the K*-complex and Cs*-complex crystals 
enabled us to calculate difference Fourier projections and define 
the location of the ion-binding sites. 

Crystals of the K*-complex of gramicidin were grown at room 
temperature over a 1-yr period from a solution of 21 mM KSCN 
and 21 mM gramicidin (commercial mixture of gramicidins A,B 
and C from ICN Life Sciences Group) in methanol. X-ray 
diffraction data to 2.5 A resolution were collected as described 
previously’. The unit cell dimensions of the K*~gramicidin 
crystal are virtually the same as those of Cs*-gramicidin (Table 
1). Many intensity changes due to the substitution of K* for Cs’, 
a difference of 36 electrons, are evident in the Ok/ precession 
photograph shown in Fig. 1. A three-dimensional difference 
Patterson map was calculated using (|Fc.|—|F |)? as coefficients. 
The Harker peaks showed that the space group is P2,2,2, 
resolving an earlier ambiguity’. The 12 highest peaks in the 
difference map at 5 A resolution were interpreted in terms of 
Harker peaks and cross peaks arising from four cation-binding 
sites in the asymmetric unit. The positions of anions could not be 
determined because the thiocyanate counterion was the same in 
both crystals. The cation-binding sites were refined individually, 
then in pairs, and finally all together at 5 A and at 3 A resolution, 
using the three centrosymmetric projections by the method of 
Dickerson et al.'"'', When the occupancies and temperature 
factors of the four sites were constrained to be equal, the centric 
R factor'* was 0.36 at 3.0 A resolution, and the Kraut R factor”? 
was 0.088. The centric R factor dropped to 0.34 when the 
individual occupancies and temperature factors were allowed to 
vary. Table 2 gives the coordinates of these sites. Phases of the 





a b 


Fig. 1 (Ok!) Precession photographs of crystals of K*-gramicidin 

(a) and Cs*-gramicidin (b). The average difference in structure 

factor between these isomorphous crystals is 16%. A number of 

significant intensity changes are evident by visual comparison of 
the two patterns. 
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Fig. 2 Centric y-axis projection Fourier map of K*~gramicidin at 
2.9 A resolution. 


centric reflections were then calculated by the single iso- 
morphous replacement method. Projection difference Fourier 
maps showed no additional sites. There remains an ambiguity in 
the phase of each general reflection when only a single iso- 
morphous heavy atom derivative is available. As the heavy atom 
array is nearly centrosymmetric, a three-dimensional Fourier 
map calculated from this single derivative is also nearly centric 
and hence not interpretable at the atomic level. 

A projection Fourier map of the K* complex is shown in Fig. 
2. The asymmetric unit contains two cylindrical channels. Each 
channel consists of two polypeptide chains and contains two 
bound cations. The central density in each channel corresponds 
to the bound ions. The channels at z = 0 and z =0.5 are not 
crystallographically equivalent but appear very similar in pro- 
jection (Fig. 2). They give rise to a pseudo-cubic-centred and 
pseudo-tetragonal packing’, and so their structures must be 
nearly the same. The axes of the channels are coincident with 
crystallographic 2, axes, thus limiting the maximum length of a 
channel to 26 A, half of the 52 A unit cell length. The pair of ion 
sites at z= 0 and z = 0.5 are related by a translation of nearly 

-0.25 in y, supporting the notion that the crystallographically 
independent channels have very similar structures. 





Table 1 Unit cell parameters of crystals of K*~ and C”~gramicidin 





Ion Space group a b* ¢ 
K* P2,232 32.11 A 52.23 31.09 
Cs* P2,2:2 32.07A 52.29 31.20 


EGED bate AAAA HP NANE rns SLAG ARAA ATO AATETTA 


* Channel axis. 


Conductance and spectroscopic studies of analogues of 
gramicidin A indicate that the two strands in the dimeric channel 
are antiparallel’ $, Hence, the two cation-binding sites in a 
channel are probably equivalent. The two possible symmetric 
arrangements of these sites are depicted in Fig. 3, which shows 
that they are either 2.5 Å from the ends of the channel or, 
alternatively, 2.5 Å on each side of the centre of the channel. 
Our finding of two cation-binding sites per channel in the 
crystalline state agrees with “Rb* flux studies'’ showing the 
bi-directional fluxes in the gramicidin channel in bilayer 
membranes are not independent and that two sites are simul- 
taneously occupied. Moreover, the stoichiometry of K* binding 
to gramicidin in methylene chloride is one per polypeptide 
chain'®, and so two sites per dimeric channel are expected. The 
dependence of the conductance on the cation concentration also 
shows that at least two cations can simultaneously interact with 
the gramicidin channel’””®. 

The binding of K*, like that of Cs”, shortens the channel from 
32 to 26A and widens its diameter from 5 to 6.8A. The 
diameter cited here refers to the approximate average distance 
between the centres of the peptide backbone atoms on either 
side of the channel. The space available for ion binding is about 
3.0 Asmaller (the sum of the van der Waals radii of the atoms on 
either side of the channel). It is interesting that the con- 
formational changes elicited by the binding of these ions are 
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Table 2 Cation-binding sites in an asymmetric unit in crystals of K*- 
and Cs*~gramicidin 


Site x y* z 
1 8.1A -1.1 Å -0.2 Å 
2 8.0 4.2 0.3 
3 7.9 11.6 16.5 
4 8.5 16.9 16.1 


The unit cell contains a total of 16 cation-binding sites. Two of the 
four sites in an asymmetric unit are situated near (x = 0.25; z = o) and 
separated by 5 A along the channel axis y, and another two sites are 
located near (x = 0.25; z = 0.5) and separated by 5 Ain y. Each of these 
four sites gives rise to three additional ones by space group symmetry. In 
particular, each site is repeated by crystallographic symmetry at the 
same x and z coordinates and translated by y = 0.5 (26 A). Hence, each 
site is separated from its neighbours along the y-axis by 5 A on one side 
and by 21 A on the other side. 


virtually identical although their ionic radii differ significantly 
(1.33 A for K*, 1.67 A for Cs", ref. 21). We have also found that 
a new tetragonal form of a CsSCN complex of gramicidin is 
isomorphous with a thallous acetate complex. 

Our results thus far are consistent with the existence of two 
major conformations for the gramicidin channel, an ion-free 
conformation observed in two crystal forms’, and an ion-bound 
conformation observed in the crystal complexes with Cs*, K* 
and TI*. The ion-free conformation seems to be substantially 
independent of whether the solvent is methanol, ethanol or 
water. The helical Patterson peaks are the same for the 
methanol and ethanol! crystals’. Furthermore, ethanol can be 
exchanged for 50% ethanol-50% H,O with almost no change in 
the diffraction pattern. The large structural difference between 
forms with and without ions is likely to be due to a rearrange- 
ment in the hydrogen-bonding pattern, similar to that observed 
in valinomycin, an ion-carrier?***. Some of the peptide 
C=0QO::-H—N hydrogen bonds are probably broken as the 
peptide carbonyl oxygens tilt inwards to coordinate the incom- 
ing cation. These interactions could not occur in the 5A 
diameter of the native channel because of steric hindrance. It 
seems likely that the gramicidin channel widens on binding 
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Fig. 3 Schematic drawing showing the two possible symmetric 

arrangements of the cation-binding sites in a gramicidin channel. 

Adjacent sites are separated by 5 2 and by 21 Å in a 26 Å-long 
channel. 
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cations to permit peptide carbonyl—metal coordination, which 
compensates for some of the free energy lost in partially dehy- 
drating the transported ion. 
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Seminalplasmin—an antimicrobial 
protein from bovine seminal 

plasma which acts in E. coli 

by specific inhibition of rRNA synthesis 


SEMINAL PLASMA—the fluid in which spermatozoa are ejacu- 
lated—has been known to inhibit reversibly both RNA and 
protein synthesis in sperm cells’~*. Here we report the isolation 
from seminal plasma, purification to homogeneity, and charac- 
terisation of a protein which we have called ‘seminalplasmin’, 
that specifically inhibits rRNA synthesis in Escherichia coli and 
is highly antimicrobial. 

As transcription and translation in bovine spermatozoa are 
exclusively mitochondrial** and as there are close similarities 
between mitochondrial and prokaryotic transcription and 
translation, we used inhibition of the growth of E. coli to assay 
seminalplasmin during purification. Dialysed bovine seminal 
plasma was passed through a DEAE-Sephadex column and 
seminalplasmin was purified to homogeneity from the unad- 
sorbed fraction by successive fractionation on a CM-Sephadex, 
a Sephadex G-75 and a [5’-(p-aminophenylphosphoryl)uridine- 
2’(3')-phosphate]-agarose (APU-agarose) affinity column (see 
Fig. 1). The use of the latter column removed traces of RNase 
SPL‘. The DEAE-Sephadex column removed an inhibitor, 
‘antiseminalplasmin’, which we have partially purified. 
Seminalplasmin obtained after the affinity chromatography was 
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Tabie 1 Effect of seminalplasmin at various stages of purification, on the growth 


of E. coli 
“escent irena eaaa r 
Inhibition of 

Concentration the growth 

of protein of E. coli 
Stage of purification (ag mi!) (%) 
CM-Sephadex peak 4 40 100 
20 100 
10 40 
§ 0 
Sephadex G-75 fraction € 40) 100 
20 100 
10 90 
5 $0 
Homogeneous seminaiplasmin 40 100 
(after affinity chromatography) 20 100 
10 90 
5 50 


Aliquots of a logarithmically growing culture of E. coli W 160-37 (Argo, 0.01) 
were incubated with various concentrations of seminalplasmin-containing protein 
fraction. After 6 h, the Argo of the culture was measured. The absorbance of the 
culture to which no seminalplasmin was added, A-« of 0.5-0.6, was taken as 100 
for the purpose of calculation of the percentage inhibition. For details of the 
fractions used for the growth-inhibition assay, see Fig. 1 and text. Affinity 
chromatography removed traces of RNase SPL contamination in Sephadex G-75 
fraction C which was otherwise pure seminalplasmin. An A „so of 1 was taken to be 
equivalent to 1 mg of protein throughout this study. The composition of the growth 
medium was as follows (gI"'): NH,CI 0.5; (NH,),SO, 0.5; KH,PO, 13.6: 
MgSO,.7H,0 0.02; (NH,),Fe(SO,),.6H,O 0.0156; glucose 20; L-arginine hydro- 
chloride 0.1. The above assay for growth inhibition would not detect the presence 
of a small number (<2% of the control) of viable organisms in the culture. Similar 
results were obtained with the other strains of E. coli tried. 


homogeneous in both non-SDS and SDS polyacrylamide gel 
electrophoresis (PAGEY” (Fig. 1), in an analytical ultracen- 
trifuge (sedimentation coefficient, 1.04S), and in an isoelectric 
focusing run on a column’® (isoelectric point, 9.8); it was free of 
any detectable RNase, DNase or protease activity'’. 

The amino acid composition of seminalplasmin is, in mol per 
100 mol of total amino acids (except Trp) was: Lys 12.30; Arg 
9.60; His 4.15; Asx 11.26; Glx 4.92; Phe 3.95; Tyr 1.66; Pro 
3.13; Cys 2.98; Thr 1.75; Ser 7.20; Gly 5.75; Ala 7.90; Val 
0.63; Leu 14,20; Ile 1.80. The protein is rich in basic amino acids 
and contains no methionine. 

The molecular weight of seminalplasmin was 17,000 by SDS- 
PAGE carried out as in ref. 8; 10,600 by SDS-PAGE carried 
out according to Laemmli’; 8,000 by ultracentrifugation, and 
19,800 (minimum value) when calculated from the amino acid 
composition. The discrepancy between these values may be a 
reflection of certain uncommon structural features—such as an 
abnormally high axial ratio—in the protein. 

The average yield of pure seminalplasmin was 18 mg per 
100 mi of semen (average ejaculate, 4 ml); the total content of 
seminalplasmin in bovine semen is probably twice as much. 





Table 2 Effect of seminalplasmin on the growth of microorganisms 








Diameter 
Test substance of the 
Petri Amount zone of 
dish per disk inhibition 
no. Microorganism Description (nmol) (mm) 
l1 Candida albicans Seminalplasmin § 15 
Streptomycin 17 0 
Chloramphenicol 53 0) 
2 Salmonella Seminalplasmin $ 15 
typhimurium Streptomycin 17 8 
Chloramphenicol §3 is 
3 E. coli Seminalplasmin § 15 
Streptomycin 17 8 
Chioramphenicol 53 15 


a N eee ag E E tal AE E E 

Exponentially growing broth cultures were transferred to medium 199~Earle’s 
salts plates (one for each organism) using a heavy inoculum which, on normal 
growth, would give a ‘mat’. Disks impregnated with the stated amount of substance 
were placed on the surface of the culture just after the inoculation, and the 
diameter of the clear zone measured after 20h at 37°C. The strains used were 
isolated at the Institute of Preventive medicine, Hyderabad, where the testing was 
done. The two bacterial strains were partially resistant to streptomycin. 
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Fig. 1 Purification of seminalplasmin. Seminal plasma (200 ml) obtained from bovine semen following removal of spermatozoa by centrifugation was dialysed 
against Tris-HCI buffer (0.006 M, pH 7.4) and the dialysed plasma passed through a DEAE-Sephadex column (5 x 60 cm) equilibrated with the above buffer. The 
fraction that came out unadsorbed from the DEAE-Sephadex column was chromatographed on a CM-Sephadex C-50 column (2 x 45 cm) equilibrated with the 


Tris-HCI buffer and eluted with a linear gradient of 0-0.8 M NaCl in the same bu 


ffer. The peaks were pooled as marked, dialysed against water and lyophilised to give 


the crude seminalplasmin. In some runs, peaks 3 and 4 were not separated. Peaks 1 and 2 had no detectable seminalplasmin activity, while peak 3 had some activity 
which was possibly due to cross contamination with peak 4. The crude seminalplasmin (peak 4 of a, 100 mg; where peaks 3 and 4 were not separated, the trailing part 
of the combined peak was used) was then chromatographed on Sephadex G-75 (2.6 x 170 cm) equilibrated with Tris-HCI] buffer (pH 7.4) and eluted with the same 
buffer. The pooled fractions A, B and C were dialysed separately against water and lyophilised. Fraction C was dissolved in 0.02 M acetate buffer (pH 5) and 
chromatographed on a APU-agarose affinity column (0.8 x 6 cm) equilibrated with the acetate buffer. The column was washed with the same buffer; the unadsorbed 
fraction consisted of pure seminalplasmin (the adsorbed fraction contained RNase SPL). a and b, typical CM-Sephadex and Sephadex G-75 column runs, 
respectively. c, Polyacrylamide gel electrophoresis runs of various fractions. (1)~(5), Non-SDS PAGE’; (6) SDS-PAGE. (1) CM-Sephadex peak 4; (2) Sephadex 
fraction A; (3) Sephadex fraction B; (4) Sephadex fraction C; (5) and (6) the part of Sephadex fraction C that was unadsorbed on the APU-agarose affinity column 


(pure seminalplasmin). (1) Expt 1; (2) to (5) expt 2; (6) expt 3. Each gel was loa 


ded with 100 yg of protein. The gels were stained with Coomassie blue (0.1%) in 


ethanol:water:acetic acid (45:45:10 v/v). Several protein fractions which could be separated on non-SDS PAGE in (1) moved together on SDS-PAGE done 
l as in (6). 


Seminalplasmin potently inhibited the growth of Gram-posi- 
tive and Gram-negative bacteria and yeasts. In liquid cultures 
grown in a synthetic medium, starting from an inoculum of 
10®-10’ colony forming units (CFU) ml”! for bacteria and 
10°-10° CFU ml” for yeasts, seminalplasmin completely 
inhibited the growth of Streptococcus faecalis, E. coli and Cryp- 
tococcus neoformans at 50-100 pg (2.5-5.0 nmol), 25-50 ug 
(1.25-2.50 nmol), and 12.5-25 ug (0.63-1.26 nmoles) per ml, 
respectively (see Table 1). Comparable inhibition of growth of 
organisms considered sensitive to established antimicrobial 
agents was (nmol ml”'): penicillin and streptomycin, 1.7-8.5; 
chloramphenicol, 9-27; tetracyclines, 2.2-11; erythromycin, 
1.4-2.8; bacitracin, 4.5-9; polymixin, 0.9-2.2. In disk agar 
assays, seminalplasmin was active against Salmonella typhi- 
murium and Candida albicans; it was also active against Bacil- 
lus subtilis and Staphylococci in another type of assay. Seminal- 
plasmin, however, showed no activity against Pseudomonas and 
Proteus spp. Results of some typical antimicrobial assays of 
crude seminalplasmin fractions and the pure protein are shown 
in Tables 1 and 2. 

Seminalplasmin is bacteriocidal and not bacteriostatic. When 
a culture of E. coli W 160-37 containing ~10’ cells ml”’ was 
incubated with seminalplasmin (240 pg mi”') for 7 h at 37°C 
(when the control contained 2.3 x 10° cells ml~'), and then 50 pl 
of the culture plated on nutrient agar, complete inhibition of 
growth was normally obtained. Occasional colonies of 
apparently seminalplasmin-resistant cells were seen. 

The concentration of seminalplasmin needed to inhibit the 
growth of E. coli, as assayed in Table 1, depended on the number 
of cells present in the culture; whereas for 10” cells ml™', the 
concentration required was 10-20 ugm, for 5x10 
cells mi~, 40-50 pg mi~', for 10° cells mi~', 60-70 yg ml’, and 
for 2x108 cells mi™t, 100-110 pg ml™' of seminalplasmin was 
required. 

Seminalplasmin is relatively heat stable; when E. coli cells 
(10’ ml) were grown in the presence of seminalplasmin 
(40 ug mi~’) heated at 90 °C for 10 min, over 95% inhibition of 
growth was obtained at 6h, compared with 100% inhibition 
with untreated seminalplasmin. Lyophilised, pure seminal- 
plasmin is stable for at least 2 yr at 4 °C; in aqueous solution it is 
stable for at least 6 months when stored frozen. 

A 52% inhibition of the synthesis’* of RNA in bovine sper- 
matozoa, measured over a period of 2.5h, was seen with 
seminalplasmin (1 mg ml~') preincubated with the cells for 


30 min, suggesting that at least part of the total transcription- 
inhibiting activity of bovine seminal plasma is due to seminal- 
plasmin. Seminalplasmin had no effect on respiration in sper- 
matozoa studied over a period of 2 h using fructose (the semen 
sugar) as the oxidisable substrate. 

Seminalplasmin (100 pg m!~') had no effect on the rates of 
synthesis of DNA and protein in E. coli W160-37—at least up to 
15 min—in pulse-labelling experiments (Fig. 2a, c). The rate of 
incorporation of *H-uridine into RNA, however, progressively 
fell to about 50% of the control at 8 min (Fig. 2b); beyond this 
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Fig.2 Effect of seminalplasmin on the rate of synthesis of DNA (aj, RNA 
(b) and protein (c). a, A sample of 6 ml of a logarithmically growing culture 
of E. coli (Aygo, 0.3) was incubated with seminalplasmin (100 ug mi~'). At 
each time point, a 0.5-ml aliquot of the culture was pulse-labelled for 20s 
with 13.3 pCi (0.41 pg) of *H-thymidine added in 0.2 mi of the growth 
medium. The reaction was stopped with 5 ml of cold 5% trichloroacetic acid 
(TCA), and 0.1 ml of 0.5% bovine serum albumin was added. The pre- 
cipitate was filtered on a Whatman 3 MM filter, washed three times with 
10 mi of cold 5% TCA, dried and counted. b, The experimental protocol was 
as in a but pulse-labelling was with “H-uridine (13.3 «Ci, 0.32 ug). c, Pulse 
labelling was as in a but with 1 pCi (0.65 ug) of ‘*C-leucine. The TCA 
precipitate was heated with 5% TCA at 95 °C for 30 min and then filtered, 
washed and counted. Counting efficiency was 40% for °H and 80% for *“C. 
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time no further decrease in rate of RNA synthesis was observed, 
Suggesting that seminalplasmin may be specifically inhibiting the 
synthesis of a certain type(s) of RNA. In pulse-labelling 
experiments such as those shown in F ig. 2b, the label is known to 
be roughly equally distributed between mRNA and rRNA. 
Since protein synthesis was not affected for at least 20 min, it 
seemed unlikely that seminalplasmin was inhibiting the 
synthesis of mRNA. In E. coli cells (A-750, 0.2) preincubated with 
seminalplasmin (170 pg ml~') for 15 min, the induction of B- 
galactosidase with isopropylthiogalactoside was also normal. 
We showed that seminalplasmin specifically inhibits the 
synthesis of rRNA in E. coli, by analysing on PAGE the RNA 
labelled in 20min in the presence of seminalplasmin 
(100 ug ml”) in a growing culture of E. coli which had been 
preincubated with the protein for 15 min (Fig. 3). Seminalplas- 
min inhibited the labelling of rRNA by 85%; tRNA synthesis 
was inhibited by ~10%, probably through inhibition of the 
transcription of genes for tRNA that are a part of the rRNA 
cistrons in E. coli'*. In line with these observations, addition of 
seminalplasmin (100 ug m`’) to E. coli cultured in the presence 
of “H-uridine almost completely stopped the increase in the 
label appearing in total RNA after 12 min in cells growing in the 
absence of chloramphenicol (Fig. 4a), and completely stopped it 
in chloramphenicol-treated non-growing cells (Fig. 44) in which 
the RNA that is labelled is almost entirely transcribed from 
rRNA cistrons. In cells treated with chloramphenicol and 
seminalplasmin, the RNA labelled in the first 12 min (the time 
presumably required for building up of the intracellular concen- 
tration of seminalplasmin necessary for its full inhibitory effect) 
was subsequently degraded (Fig. 4b); this degradation—also 
observed in the presence of rifampicin instead of seminalplas- 
min'*—-may be related to the instability of rRNA synthesised in 
the presence of chloramphenicol, hence not protected by ribo- 
somal proteins. 
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Fig.3 Fractionation by polyacrylamide gel electrophoresis of E coli RNA 
synthesised in the presence or in the absence of seminalplasmin. Aliquots of 
Smi of a logarithmically growing culture of E. coli (Asso, 0.30) were 
incubated with or without seminaiplasmin (200 pg ml”). At 10 min, *H- 
uridine (45 wCi, 10.1 wg) was added to both the aliquots. At 35 min, 50 ul of 
2% sodium azide and 1 mg of '*C-uridine were added and the solution was 
immediately kept in an ice-salt bath. Unlabelled E. coli RNA (2 mg) was 
then added and RNA isolated from both the samples by extraction with 
aqueous phenol at pH 5.2. RNA solutions were dialysed and fractionated on 
a 2.5% polyacrylamide gel, and the gels cut and counted. Arrows indicate 
the positions of the carrier (non-radioactive) 238, 16S and 5S-45 RNA 
fractions visualised by Staining with methylene blue (0.01% in 0.01 M 
acetate buffer, pH 4.7). O, Without seminalplasmin:; @, with seminal- 
plasmin. 


In Æ. coli in the presence of a high concentration of seminal- 
plasmin (200 ug m`’), the rate of protein synthesis also started 
to decrease after 10 min; the fall was linear, reaching 50% of 
control at 26 min. In the presence of 100 ug Of seminalplasmin 
per ml, the rate of protein synthesis started to fall (linearly) only 
after 15-20 min, reaching 50% of the control after 40 min. An 
eventual decline in the rate of protein synthesis is to be expected 
as a consequence of cessation of rRNA synthesis. 
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Fig.4 a, Effect of seminalplasmin on RNA synthesis in E. coli. Aliquots of 
limi of a logarithmically growing culture of E. coli (Asap 0.3) were 
incubated for various periods at 37°C with (or without) seminalplasmin 
(100 pg mi~*), in the presence of *H-uridine (3.9 pCi mI, 7.88 wg mi~’), 
At each time point, a 0.5-ml aliquot from each of the incubated cultures was 
precipitated with 5 ml of ice-cold 5% TCA containing an excess of ?C- 
uridine; the radioactivity (x) of the precipitate was taken as a measure of 
labelling of the total nucleic acid. Another 0.5-ml aliquot from the culture 
Was treated with an equal volume of 1 M KOH for 18 hat 37°C, neutralised 
and then made 5% with respect to TCA; the radioactivity (y) in the 
precipitate gave the extent of labelling of DNA. x — y gave the radioactivity 
in RNA, b, Effect of seminalplasmin on RNA synthesis in a chloram- 
phenicol-inhibited culture of Æ. coli. Aliquots of 11 ml of a logarithmically 
growing culture of E. coli (Aygo, 0.26) were incubated at 37°C with (or 
without) seminalplasmin (212 wg mi~’), in the presence of chloramphenicol 
(149 ug mi~') and *H-uridine (1.86 wCi mi"', 7.48 ng ml~'), Aliquots were 
taken from each culture at various times and the radioactivity in RNA and 
DNA determined as in (a). SPN, seminalplasmin; CLP, chloramphenicol. 


The antimicrobial and in vive rRNA-transcription inhibiting 
activities of seminalplasmin were completely abolished by 
pronase, trypsin, chymotrypsin or papain. 

Figure 5 shows the effects of adding pronase (30 wg ml”) to 
cultures of E. coli (Aso 0.01) exposed to seminalplasmin 
(50 ug ml~') for various intervals between 0 and 60 min. Addi- 
tion of pronase at Omin showed no inhibition of growth. 
Increased inhibition of growth was obtained as the time of 
exposure to seminalplasmin in the absence of pronase increased. 
A 30-min exposure to seminalplasmin (50 ug ml7) seemed to 
be sufficient to allow the E. coli cells at ~107 cells ml”! to take 
up enough seminalplasmin to inhibit the growth completely. The 
experiments described in Figs 2 and 4 suggest that, at a higher 
concentration (100 pg ml”'), enough seminalplasmin enters the 
cells (~3 x 10° ml~') in 8-12 min to exert its maximal inhibitory 
effect on rRNA synthesis. 
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Fig. § Effect of pronase on the growth of E. coli preincubated with 
seminalplasmin for various periods. To a set of tubes (one for each time 
point) containing the growth medium (5 ml) and seminalplasmin 
(50 ug ml~'), was added | mi ofa logarithmically growing culture of E. coli 
(Argo, 0.06). The tubes were incubated at 37°C and, at each time point, 
pronase (30 ug ml”') was added to one tube, After 6h, Aygo Of all the 
cultures was measured. For calculation of the percentage inhibition of 
growth in the seminalplasmin and pronase-treated cultures, the growth 
(Asgo, 0.5-0.6) obtained in a contro! culture to which no seminaiplasmin but 
pronase was added, was taken as 100. Pronase, at the concentrations used, 
had no effect on the growth of £. coli: at higher concentrations (100 yg mi~’) 
it stimulated growth. 
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Seminalplasmin is apparently the fourth antimicrobial protein 
to be isolated from mammalian sources—the others being 
lysozyme, B-lysin, and a recently described protein from poly- 
morphonuclear leukocytes’. After colicin Es, it appears to be 
the first protein for which there is strong evidence that it enters 
an intact bacterial cell. As seminalplasmin acts on a variety of 
microorganisms, it is unlikely that its entry into the cell—unlike 
that of colicin E;—is receptor-mediated. Seminalplasmin is also 
the first inhibitor shown to specifically inhibit the transcription 
of rRNA in a whole cell. 

We first considered the possibility that seminalplasmin may 
have a role in fertilisation. In a year-long experiment we looked 
for a correlation between the net antibacterial activity (a 
function of the ratio of seminalplasmin to antiseminalplasmin, 
and the amount of each, in seminal plasma) of over 1,000 
samples of bovine seminalplasma derived from 126 animals 
belonging to eight different breeds of two different bovine 
species (buffalo-bull and cow-bull), and the fertility of semen 
samples from which the seminal plasma was obtained (P.M.B. et 
al., unpublished). The fertility was determined by artificial 
insemination of nearly 2,200 cows and buffaloes. To allow for 
seasonal variations, the samples were collected over the entire 
calendar year. Computer analysis of the data has shown no 
simple correlation between the net antibacterial activity of 
seminal plasma and the fertilising ability of the semen sample 
from which the particular batch of seminal plasma was derived. 

It is tempting to speculate that the function of seminalplasmin 
is to act as an antimicrobial agent. It could provide protection 
either to the male or to the female through deposition of seminal 
plasma in the reproductive tract during sexual intercourse, or to 
both. If the natural function of seminalplasmin were to provide 
protection to the female, one might expect to find a higher 
incidence of microbial infection of the female genital tract in 
women who are celibate or have sexual intercourse only rarely, 
than in women who have frequent sexual intercourse. We are 
investigating this possibility. 
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Subbaiah (Alembic Chemical Works, Baroda), Drs O. P. 
Srivastava and Nityanand (Central Drug Research Institute, 
Lucknow), Drs Jagannathan and K. Rajyalakshmi (Institute of 
Preventive medicine, Hyderabad) and Mrs N. Shyamala Rao for 
assistance with antimicrobial assays; the Director, International 
Crop Research Institute for Semi-Arid Tropics, Hyderabad, for 
amino acid analysis; and the Council of Scientific and Industrial 
Research, New Delhi, for the award of a research fellowship to 
E.S.P.R. Samples of seminalplasmin can be obtained from the 
Officer-in-Charge, CSIR Centre for Biochemicals, Vallabhai 
Patel Chest Institute, University of Delhi, Delhi 110 007, India. 
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Seminalplasmin is a potent 
inhibitor of E. coli 
RNA polymerase in vitro 


SEMINALPLASMIN, a protein isolated from bovine seminal 
plasma, specifically and almost completely inhibits synthesis of 
rRNA in whole Escherichia coli cells at extracellular concen- 
trations lower than those needed for bacteriocidal action of 
many established antibacterial agents’. We show here that 
seminalplasmin also strongly inhibits the transcription of various 
natural and synthetic templates by E. coli RNA polymerase in 
vitro, and that it does so by binding strongly to the polymerase. 
Seminalplasmin is, to our knowledge, the first protein isolated 
from an eukaryote to inhibit RNA polymerase. There is, 
however, a protein synthesised in E. coli following a phage 
infection and coded by the phage genome, which appears to 
inhibit Æ. coli RNA polymerase’. 

Pure seminalplasmin was prepared as described in the 
accompanying paper’. Figure 1 shows the effect of seminal- 
plasmin on the transcription of various templates by E. coli 
RNA polymerase (holoenzyme), following a 12-30-min 
incubation of seminalplasmin with the polymerase alone (Fig. 
1A-H) or with the template (Fig. 1G, H). With a polymerase 
concentration of 25 yg ml”! (in some cases, 50 pg ml™'), the 
concentration of seminalplasmin required, in pg ml ', for 50% 
inhibition of the transcription of the various templates, follow- 
ing incubation of seminalplasmin with the polymerase for 
30 min (15 min for poly(dI-dC)), was: poly(dA) 50; poly(dT) 50; 
poly(dA-dT) 50; poly(dG-dC) 100; poly(dI-dC) 100; 
poly(dA)-poly(dT) 30; T7 DNA 25; and calf thymus (CT) DNA 
25. With all the templates except poly(dA-dT), poly(dG-dC) 
and poly(dI-dC), over 90% inhibition of transcription was 
obtained with seminalplasmin at 100 ug per mi (5 nmol per ml, 
assuming a MW of 19,800; see ref. 1). For poly(dA-dT), 
poly(dG-dC) and poly(dI-dC), maximum inhibition obtained 
was 50-60% at a seminalplasmin concentration of 100 pg ml“. 
Heating seminalplasmin for 10 min at 80 °C destroyed 90% of 
its transcription-inhibiting activity (Fig. 2). 

The following four observations show that seminalplasmin did 
not possess any RNase, DNase or nonspecific protease activity 
that could account for its transcription inhibiting activity. (1) 
Seminalplasmin (130-140 ug ml™') did not release any acid- 
soluble radioactivity from—or change the polyacrylamide gel 
electrophoresis (PAGE) pattern of—'*C-poly(rU) (37 ug 
(80,360 c.p.m.) per ml) or *H-labelled total denatured E. coli 
RNA (500 pg (360,000 c.p.m.) per ml) in 60 min at 37°C, in 
conditions in which RNase A or RNase SPL (ref. 1) (8- 
12 pg ml‘) converted 90-100% of the above substrates to 
acid-soluble material in 5-10min. (2) Seminalplasmin 
(100 wg ml~') released no measurable acid-soluble radioactivity 
from *H-poly(dT) (14.8nmol of TMP residues (1.18 
10°c.p.m.) per ml) on incubation for 30 min at 37°C in the 
transcription buffer described in Fig. 1. (3) Seminalplasmin 
(50-480 ug ml~’) did not affect the enzyme activity of B-galac- 
tosidase (5.5 gml~'; homogeneous on PAGE) or poly- 
nucleotide phosphorylase (50 pg m~’), or did not release any 
280 nm-absorbing or Folin reagent-positive acid-soluble 
material from casein (5 mg ml™') in 20 min at 37 °C. (4) Addi- 
tion of an excess (200 pg ml~') of bovine serum albumin to the 
transcription buffer (Fig. 1), did not affect the inhibition by 
seminalplasmin (100 ug ml”’), of the transcription of poly(dT) 
by RNA polymerase (25 yg mi~’). 

The following two observations strongly suggest that 
seminalplasmin inhibits the transcription of various templates 
by binding to the RNA polymerase. (1) Increase in the concen- 
tration of RNA polymerase relieved the inhibitory effect of 
seminalplasmin on transcription (Fig. 3B). An increase in the 
concentration of the template had no such effect (Fig. 3C). (2) 
Incubation of seminalplasmin with the polymerase for 20- 
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Fig. 1 Effect of seminalplasmin incubated with E. 
coli RNA polymerase, on the transcription of various 
templates. The reaction mixture contained, in 0.1 ml 
of Tris-HCI buffer (pH 7.8; for composition, see ref. 
3): 0.15 mM of each of the substrates, UTP, GTP, 
CTP, ATP, and/or ITP, as required (with one of these 
substrates labelled with ““C or **P); E. coli RNA 
polymerase (holoenzyme, 5 ug or 2.5 ug); template 
DNA; and seminalplasmin at the stated concen- 
tration. The templates used (in 0.1 ml of the incuba- 
tion medium) were: T7 DNA (A), 0.244 pmol; CT 
DNA (8), 2.94 ug; poly(dA)-poly(dT) (C), 0.074 
A269 units; poly(dA-dT) (D), 0.1 Azo units; poly(dG- 
dC) (E), 0.1 Argo units; poly(dA) (F), 0.2 Argo units: 
poly(dT) (G), 0.5 Azo, units; poly(dI-dC) (H), 0.05 
Az units. In A to E, the polymerase and seminal- 
plasmin were incubated for 30 min, DNA was added, 
the mixture was incubated for a further 5 min, and the 
reaction was started by the addition of the substrate 
mix. In F, the polymerase was incubated for 20 min 
without (a) or with (6) seminalplasmin (10 pg in 
0.1 mi). In G, either the polymerase and seminal- 
plasmin (10 wg in 0.1 ml} were incubated for 12 min 
(a), or the polymerase, seminalplasmin (10 pg in 
0.1 mi) and poly(dT) were incubated for 10 (6), 20 (c) 
or 30 (d) min; e, f, g and h are controls for a, b, ¢ and d, 
respectively, in which the polymerase (or the poly- 
merase and the template) was incubated without 
seminalplasmin. In H, the polymerase and seminal- 
plasmin (10 pg in 0.1 ml) were incubated for 20 min in 
a; the polymerase and seminalplasmin (10 pg in 
0.1 mi) and poly(dI-dC) were incubated for 15 min in 
b; and the polymerase alone was incubated for 20 min 
in c which served as the control for a and b. The time 
of reaction (6 min in A; 10 min in B-E; and the time 
given on the x-axis in F-H) was counted from the time 
of the addition of the substrate mix. The substrate mix 
contained all the four nucleoside triphosphates in the 
case of A and B; ATP and UTP in C and D; CTP and 

l id GTP in E; UTP in F; ATP in G; and ITP and CTP in 
Time (min) H. The labelled precursors used were: “C-UTP 
(2,808 c.p.m. nmol~') in A, B, C (graph a) and F; 
'*C-ATP (2,776 c.p.m. nmol™') in C (graph b), D and 


G;[a-*PJCTP (24,000 c.p.m. nmol?) in E and H. The concentration of the polymerase was 2,5 ugin 0.1 mlin A-D; and 5 agin 0.1 mlin E-H. All incubations were 
carried out at 37 °C. A 20-ul aliquot was withdrawn from the reaction mixture, spotted over a streak of glacial acetic acid on a 10 x 2 cm strip of Whatman no. 3 filter 
paper, and chromatographed for 45 min in ethanol: ammonium acetate (1 M) (1:1) solvent. A 1-cm strip was cut along the original spot and the radioactivity in i; 
measured; this radioactivity was taken as the measure of RNA synthesis*. An appropriate control, without seminalplasmin, was run in every case; the radioactivity (in 
¢.p.m.) contained in RNA (20 yl of the incubation mixture) in the control samples was: A 1,500; B 1,256; C(a) 1,468; C(b) 243; D 2,556; E 927. The same batch of 
RNA polymerase was used in all experiments described here. Its specific activity was 16,000 units per mg assayed with T7 DNA as the template, and it was 95% pure 
as judged by SDS-polyacrylamide gel electrophoresis; it contained 1 equivalent of the o subunit. An A290 of 1 was taken to be equivalent to 1 mg of seminalplasmin. 


30 min before the start of transcription was necessary for opti- 
mal inhibition of transcription (Fig. 1). Very much lower inhibi- 
tion was obtained when seminalplasmin was added at the same 
time at which the transcription was started (Table 1). The 
inhibition was virtually abolished if seminalplasmin was added 
after (Fig. 3D)--or incubated with the template before (Fig. 
3A)—the transcription was started. 

That seminalplasmin indeed is bound tightly to RNA poly- 
merase was shown by the following experiment. A mixture of 
the two proteins incubated for 30 min at 37 °C (as in Fig. 1) was 
chromatographed on a column of Sephadex G-75, on which 
column RNA polymerase and seminalplasmin, when chroma- 
tographed separately, were widely separated. RNA polymerase 
incubated with seminalplasmin (RP-S) was eluted in the 
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Template 

Description Concentration Substrate 
T7 DNA 3.7 pmol HC-ATP 
CT DNA 29.4 ug *C-ATP 
Poly(dA-dT) 2 Argo units HC-ATP 
Poly(dA)-poly(dT) 2 Argo units “C-ATP 
Poly(dA) 2 Arg units 4C.UTP 
Poly(dT) 4.8 Azo units 4. ATP 
Poly(dG-dC) 1 Aggy unit la- PICTP 
Poly(di-dC) 0.5 Argo unit [a- P] CTP 


exclusion volume, like RNA polymerase incubated in the 
absence of seminalplasmin (RP) (Fig. 4). SDS-PAGE runs of the 
RP-S fractions showed that they contained seminalplasmin (Fig. 
5). The subunit pattern, on SDS-PAGE, of RNA polymerase 
was not altered on binding seminalplasmin, showing that 
seminalplasmin did not exhibit any specific proteolytic activity 
towards the polymerase, or remove from it any of its subunits 
such as the ø factor (Fig. 5). In accord with these observations, 
incubation of seminalplasmin (50 ug mI~’) for 1 h with an excess 
of RNA polymerase (200 ug mI`*, a concentration high enough 
to overcome the inhibition of transcription by seminalplasmin 
see Fig. 2B), did not lead to any loss in the transcribing ability of 
the polymerase. 

As expected, the transcribing ability of RP-S, assayed on 





% Inhibition of transcription by 
seminalplasmin at: 





{c.p.m. nmol” 1) 50 100 150 200 
pg mi pg mi ug mi! ug mim? 

1,640 13 13 25 4§ 
1,640 0 16 22 27 
1,640 0 0 15 22 
2,776 4 7 se 12 
2,833 0 0 0 0 
2,576 16 22 26 38 
24,000 0 0 0 0 
24,000 0 6 0 0 


The effects of seminalplasmin on transcription were studied as in Fig. 1 in a total reaction volume of 0.1 ml, with the exception that seminalplasmin was added at the same 
time as the template, and the mixture preincubated only for 5 min before the reaction was started by the addition of substrate. The transcription was continued for 10 min 


[9 min for T7 DNA and poly(dT)] after the addition of the substrate mix, and 20- 
concentration of RNA polymerase in the incubation mixture was 50 pgm. 


ul aliquots were counted for estimation of radioactivity in RNA, as in Fig. 1. The final 
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Fig. 2 Effect of heat on the transcription-inhibiting activity of seminal- 
plasmin. Seminalplasmin (8 ug), in 75 pl of Tris-HCI buffer (Fig. 1), was 
heated for 10 min at the stated temperature and chilled in ice. RNA 
polymerase (2.5 pg in 5 wl of buffer) was added and the mixture incubated 
for 30 min. T7 DNA (0.244 pmol; 10 pl) was added, the mixture further 
incubated for 5 min, and the transcription started by the addition of the 
substrate mix (10 wl) and carried out for 9 min, as in Fig. 1. “*C-UTP was 
used as the labelled substrate and the inhibition of transcription measured as 
described in Fig. 1. 


poly(dA-dT) (Fig. 4) and poly(dA), was much lower than that of 
RP. Seminalplasmin apparently binds to E. coli RNA poly- 
merase with high affinity: the transcription-inhibitory activity of 
the RNA polymerase-seminalplasmin complex formed after a 
20-min incubation as in Fig. 1, was not affected on incubation of 
the complex for 20 min in the presence of 1 M NaCl. 
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Fig. 3 A, Effect of incubation of the template with seminalplasmin on 
transcription. Poly(dT) (0.05 Aaso units) was incubated without (a) or with 
(b) 10 ug seminalplasmin for 20 min, RNA polymerase (5 ug) was then 
added, the mixture was further incubated for 5 min, and the reaction was 
started by the addition of '“C-ATP; 20-l aliquots were taken out at various 
times for measurement of radioactivity in RNA. The other details were as in 
Fig. 1. B, Effect of increasing the concentration of RNA polymerase on the 
inhibition of transcription of poly(dT) by seminalplasmin. RNA polymerase 
was incubated without (a) or with (6) seminalplasmin (5 ug) for 12 min, 
poly(dT) (0.025 Aso units) was then added, the mixture was further 
incubated for 5 min, and the reaction was started by the addition of '*C-ATP 
and carried out for 9 min. The other details were as in Fig. 1. C, Effect of 
increasing the concentration of the template on the inhibition of tran- 
scription of poly(dA-dT) by seminalplasmin. RNA polymerase (2.5 4g) was 
incubated without (a) or with (b) seminalplasmin (5 ug) for 30 min, the 
stated amount of poly(dA-dT) was then added, the mixture was incubated 
for a further 5 min, and the reaction was started by the addition of UTP and 
14C. ATP and carried out for 6 min. Other details were as in Fig. 1. D, Effect 
of addition of seminalplasmin on the transcription of T7 DNA. The tran- 
scription was started as in Fig. 1 but without incubation with seminalplasmin; 
the reaction mixture contained 2.5 pg of RNA polymerase. After 2 min, 
10 ug seminalplasmin was added in b (but not in a which served as the 
control), and the transcription continued. In c, 10 ug seminalplasmin and 
2.5 ug RNA polymerase were incubated for 30 min. Other details were as in 
Fig. 1. In all the figures, A-D, the reaction was carried out in 0.1 mland 20 pl 
of the reaction mixture was used for estimation of radioactivity in RNA as 
described in Fig. 1. 
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Fig. 4 Chromatography of the RNA polymerase and seminalplasmin 
complex on Sephadex G-75. RNA polymerase (20 ug) was incubated 
without (O) or with (@) seminalplasmin (40 yg) in Tris-HCI buffer (Fig. 1) in 
a total volume of 50 yl, for 30 min at 37 °C; 40 yl of the mixture was then 
loaded on a Sephadex G-75 column (1 x 9 cm). The column was eluted with 
the Tris-HCI buffer and 80 ul fractions collected. The polymerase activity in 
each fraction (10-y1 aliquot) was assayed as in Fig. 1, in a total volume of 
0.05 ml using poly(@A-dT) as the template; '*C-UTP (4,000 c.p.m. nmol” +) 
and ATP were used as the substrates, and the reaction was carried out for 
10 min after the addition of the substrate mix. 


That seminalplasmin inhibits the formation of the first inter- 
nucleotide linkage (the initiation step in transcription), at least in 
the case of certain promoters in T7 DNA recognised by the 
RNA polymerase in vitro, was shown by the following experi- 
ment done essentially as described in Fig. 1. RNA polymerase 
(25 wg ml~') was incubated for 30 min without seminalplasmin 
(the control), or with seminalplasmin 50 pg mi’; T7 DNA 
(1.2 pmol ml!) was then added, the incubation continued for 
another 10 min, and the transcription started by addition of a 
mixture of ATP and ‘*C-UTP. After allowing transcription for 
30 min, a 20-pl aliquot from each sample was subjected to 
ascending chromatography on a paper strip (18x2 cm) in 
water:saturated ammonium sulphate solution: 2-propanol 
(18:80:2 v/v); 1 cm-wide strips were then cut and counted. 
This system allows separation of pppApU and the triphosphate 
precursors used’. The presence of seminalplasmin in the 
incubation mixture caused a 34% reduction in the radioactivity 
found in the pppApU spot. Seminalplasmin at the concentration 
used in this experiment inhibited transcription of T7 DNA by 
70-85%. 

The presence of the template from the start of the incubation 
mixture caused little change in the inhibitory effect of seminal- 
plasmin on the transcription of templates such as poly(dT), but 
significantly reduced the inhibitory effect for other templates 
including poly(dI-dC) (Fig. 1G, H). The reasons for this 
difference are also not clear. 

Seminalplasmin inhibited the transcription of poly(dA-dT) by 
RNA polymerase core enzyme to the same extent as that by the 
holoenzyme; no other template was tried with the core enzyme. 






in Ao Seminalplasmin 
} fo 144 


Fig. 5 Fractionation by SDS-PAGE of seminalplasmin-RNA polymerase 
complex from a Sephadex G-75 column. The complex was formed by 
incubating seminalplasmin (90 pg) with RNA polymerase (50 yg) in 60 ul of 
the transcription buffer for 30 min at 37°C, and chromatographed on a 
Sephadex G-75 column, as in Fig. 4. The polymerase-containing fractions 
14-16 and 17-19, eluting in the exclusion volume, were pooled separately, 
lyophilised, and run on SDS-PAGE using a 5% (top)-15% (bottom) 
discontinuous gradient slab-gel. RNA polymerase holoenzyme and 
seminalplasmin were run on the same gel as controls. 1, Seminalplasmin; 2, 
fractions 14-16 of Sephadex G-75 column; 3, fractions 17~19 of Sephadex 
G-75 column; 4, RNA polymerase holoenzyme. 
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Fig. 6 Binding of seminalplasmin to DNA. *H-poly(dA-dT) (2.4 nmol of 

dA-dT; 8,200 c.p.m.) (A) or °H-poly(dT) plus poly(dA) (1.48 nmol of dT; 

117,700 c.p.m.) (B) was incubated in 1ml of Tris-HCI buffer (pH 7.9) 

containing 0.05 M NaCl and 10 mM MgCL, with the stated amount of 

seminalplasmin for 30min at 0°C, and filtered through a Millipore 

membrane filter (0.45 y,). The filter was washed slowly with 5 ml of the 
ice-cold buffer, dried and counted. 


Seminalplasmin also binds strongly to DNA (Fig. 6A, B), a 
maximum of 1 mol of seminalplasmin being bound per 8 base 
pairs in the case of poly(dA-dT). (The stoichiometry of inter- 
action of seminalplasmin with poly(dT)-poly(dA) (Fig. 6B) 
could not be estimated, as the reaction mixture contained free 
poly(dA) in addition to the complex.) Apparently, this binding is 
not involved in the inhibition of transcription. 

The precise mechanism, through which the binding of 
seminalplasmin to E. coli RNA polymerase leads to loss of 
enzyme activity remains unclear. It is also not known why 
seminalplasmin inhibits the transcription of certain templates 
such as poly(dT), T7 DNA and CT DNA, completely, while only 
a partial inhibition is observed with DNAs such as poly(dA-dT) 
containing a repeating dinucleotide sequence. 
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EEE 
Low tryptophan diet decreases brain 


serotonin and alters 
response to apomorphine 


RATS fed on a low tryptophan diet since weaning have lower 
levels of brain serotonin than rats maintained on a control diet 
(18% casein diet)'’. We have used such rats to investigate the 
role of the serotoninergic system in the regulation of a behaviour 
primarily controlled by dopaminergic neurotransmission— 
apomorphine-induced stereotyped behaviour*>. This 
behaviour, which is induced by psychomotor stimulant drugs, 
including apomorphine and amphetamine**, is repetitive, 
preserverative behaviour that can be defined as the performance 
of an increasing rate of responses within a decreasing number of 
response categories“. In the rat, this is generally manifest as 
repetitive sniffing and motor movements, with repetitive licking 
and gnawing at higher drug levels. Although the mechanisms 
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controlling stereotyped behaviour are primarily dopaminergic, 
there are other modulatory influences, for example cholinergic 
and noradrenergic’*. Apomorphine is thought to act by direct 
stimulation of dopamine receptors in the telencephalon®”®, 
There is some evidence that serotoninergic mechanisms may be 
involved in stereotypy, because the integrity of the raphe nuclei 
is important for the expression of the stereotype response pro- 
duced by apomorphine and other agents''. We have found that 
reductions in brain serotonin (5-HT) produced by diet result 
in decreased stereotypy after apomorphine administration. 

Weanling, male Sprague-Dawley rats were housed at six per 
cage and given free access to food and water. Half of the rats 
were fed a corn-based diet containing Masa Harina as the source 
of protein and carbohydrate (low tryptophan rats) and the other 
half were fed an 18% casein diet (control rats). Each diet 
contained a vitamin supplement that supplied adequate 
amounts of niacin. The full details of the method and diets used 
have been described elsewhere*'*. The rats were kept on these 
diets for at least 6 weeks and were rehoused in individual cages 
for at least 2 weeks before the start of the experiments. 

On test days, rats were given doses (0.1-1.0 mg per kg, 
subcutaneously in the neck) of apomorphine HCI. Stereotyped 
behaviour (SB) was rated at 5-min intervals throughout the test 
session by experienced observers. The rating system was as 
follows: 0 = normal behaviour, inactive; 1 = normal behaviour, 
active; 2 = bursts of stereotyped sniffing, rearing or locomotion; 
3 = continuous stereotyped sniffing, rearing or locomotion over 
a wide area of the cage; 4 = continuous stereotyped sniffing in 
one part of the cage; 5 = continuous SB with intermittent licking 
and gnawing; 6=continuous SB with continuous licking and 
gnawing’. To assess differences between groups in the intensity 
of stereotypy, each rat’s median score was determined, and 
pooled scores were analysed using the information statistic!*", 
To assess differences between groups in the duration of stereo- 
typy, each rat’s rating for the final 5 min of the test was evaluated 
(stereotypy or no stereotypy), and pooled scores were then 
anaiysed using the information statistic. 





Table 1 Number of low tryptophan or control rats showing normal 
behaviour or stereotyped behaviour at the final rating period of the test 





No. of rats No. of rats 
Dose of showing showing 
apomorphine normal stereotyped 
(mg per kg, s.c.) Diet group behaviour behaviour 
0.1 LT 9 1 
C 5 5 
0.2 LT 8 2 
C p 8 
0.5 LT 6 4 
C 1 9 
1.0 LT 8 1 
C 3 7 





LT, low tryptophan; C, control. At each dose of apomorphine, the 
differences between the two groups are significant at least at the P < 0.05 
level. 


The apomorphine-induced stereotypy of low tryptophan rats 
was significantly attenuated compared with control rats (Table 
1). In addition, at the 0.2-mg per kg dose of apomorphine, the 
low tryptophan rats showed less intense stereotypy than control 
rats (Fig. 1). These differences in intensity and duration of 
stereotypy between the two diet groups were abolished by 
pretreatment with L-tryptophan at 50.0 mg per kg, indicating 
that the reduction in stereotypy shown by low tryptophan rats 
was mediated by the serotoninergic system. 

After the behavioural experiment, a biochemical study was 
conducted to ensure that low tryptophan rats had decreased 
levels of brain 5-HT. Rats were decapitated at between 1000 h 
and 1200h and brains were removed quickly, bisected 
midsagittally and frozen on dry ice. One half of each brain was 
assayed for serotonin'*'*. Our results confirmed reports that 
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Fig. 1 Stereotypy after administration of apomorphine (0.2 mg per kg, 
given subcutaneously) in low tryptophan (hatched columns) and control 


(black columns) rats. Categories of stereotypy rating are on the abscissa. 


The frequency of each rating is summed over the test session. 


rats maintained on a low tryptophan diet (corn diet) for 5 weeks 
have lower levels of brain 5-HT than rats maintained on a 
control diet (18% casein diet)'?: 588+ 31 ng g`’ compared with 
675+19ngg' (means+s.e., significant at the P<0.05 level 
(t = 2.41, Student ¢ test)). 

In experiments which replicated and extended the findings of 
the first study, we investigated the effects of a novel 5-HT 
agonist MK-212 and of quipazine on apomorphine-induced 
stereotypy in low tryptophan rats'’*’. Again, the differences 
between the two groups in intensity and duration of stereotypy 
were abolished when the low tryptophan rats were treated with 
either MK-212 (3.0 mg per kg, intraperitoneally) or quipazine 
(5.0 mg per kg, intraperitoneally). 

Finally, we investigated the effects of low tryptophan diet on 
another response thought to be mediated, at least in part, by 
dopaminergic mechanisms—psychomotor stimulant-induced 
hypothermia’*’”*. The pattern of results for body temperature 
was similar to that obtained for stereotypy, in that low tryp- 
tophan rats showed a decrease in duration of hypothermic 
response after intraperitoneal administration of apomorphine at 
5 mg per kg compared with control rats (F = 6.75; d.f. 1, 16; 
P<0.025). Although the mean final hypothermic response 
under saline was the same for both diet groups (both +0.2 °C), 
the apomorphine-treated control rats showed a significantly 
greater decrease in body temperature compared with the 
apomorphine-treated low tryptophan rats (means ~1.3 and 
~0.1°C, respectively). These results indicate that changes in 
brain serotonin can affect drug-induced hypothermia. 

In conclusion, it seems that the decreased stereotypy response 
is associated with the decreased levels of brain 5-HT of rats 
reared on a low tryptophan diet. These findings show that while 
stereotyped behaviour is primarily mediated by dopaminergic 
(DA) mechanisms, it can also be modulated by other neuro- 
transmitters, including 5-HT. This DA-5-HT interaction has 
implications for models of psychosis based on stereotypy”. 
Further, this set of experiments demonstrates that diet can alter 
both neurotransmitter levels and behaviour. 

These studies were supported by grants from NIH (AM- 
14228) and NASA (NGR-22-009-627). MK-212 was supplied 
by Merck. We thank Ms Pearl Shiue for technical assistance. 
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Frequency-dependent selection due to 
kinetic differences between allozymes 


ENZYME polymorphisms detectable by gel electrophoresis are 
common in populations of animals, plants and micro- 
organisms‘. Often the enzymes coded for by alternative alleles 
differ in their kinetic properties*”. Although the causes of 
enzyme polymorphism are much disputed*”’, there has been no 
systematic attempt to examine the possible selective 
consequences of kinetic differences between allozymes. We 
report here a theoretical study suggesting that in some circum- 
stances kinetic differences lead to frequency-dependent selec- 
tion, which is potentially capable of maintaining balanced 
polymorphism. 

We consider first the simplest possible model of an enzy- 
matically catalysed reaction 


kay Ki» 
E+S=-ES=—E+P 
kai k2 


where E,S and P represent enzyme, substrate and product, 
respectively, and k,,, k+2, k-1ı and k_, are velocity constants. If 
steady-state conditions prevail, and the product is not accumu- 
lating, the velocity of the reaction is 


View 3] 
” T Ka+[S] 
where Vmax = k2 [E] and Km = (k-1+k+2)/ks1. The equilib- 


rium constant of the reaction, which is independent of the 
enzyme, 1S 


(1) 


Kiiks2 
K.q= 
a es (2) 


If the concentration of enzyme remains constant, the only way 
that Vaa can be increased is by an increase in k,2. In most 
circumstances, this will increase Km (a compensating decrease in 
k is unlikely because k,. and k~, both reflect the stability of 
the ES complex, and a compensating increase in k,, is unlikely 
because of the constraint imposed by equation (2)). Thus, if 
there are two allozymes differing in their kinetic constants and 
one of them (A) has a relatively high V max (represented as Vy), 
it is also likely to have a relatively high K,,(ky). The lower 
constants of the other allozyme (a) can be represented as V and 
Ky. 

This theoretical prediction is supported by the available 
experimental observations on the kinetic constants of alterna- 
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tive allozymes (Fig. 1). Although the data are sparse, they 
demonstrate a clear tendency for the values of Vinax and Ka to 
vary together. This being so, at a given concentration of sub- 
strate, [S], the ratio of the velocities generated by the two 
allozymes will be 


VAL Vi(K, +[S]) 
Ua Vi(Ky + [S) 


When [S] is very large relative to the values of Km this approx- 
imates to 


(3) 


Vu 
R'=— 
Vi 


However, when [S] is very small relative to the values of K,,, it 
approximates to 


_ Vaky 
ViKu 


which is necessarily smaller than R'. At intermediate concen- 
trations of S, the value of R lies between these two extremes. 
Thus, the relative velocity of the reaction catalysed by A is 
greater at high substrate concentrations than at low concen- 
trations. 

This conclusion is not restricted to a single-substrate reaction, 
nor to the unrealistic assumption that the reaction proceeds 
through only one intermediate. It follows from any system in 
which an increase in V ma, is associated with an increase in Km. It 
seems that the two constants can increase together even in 
complex systems (see Fig. 1 and, for formulae, ref. 8). 

If the rate of the reaction contributes monotonically to the 
relative fitness of the organism (that is, if the reaction is rate 
limiting for some vital process, and if the selective value is a 
monotonically increasing function of velocity), then individuals 
with the A enzyme will be relatively fitter when substrate 
concentrations are high than when they are low. 

To study the effect on selective values of varying the numbers 
and frequencies of individuals, it is convenient to assume that 
there is in the environement a substance, either the substrate or 
a precursor of it, whose effective rate of uptake by the organism 
is dictated by the velocity of the reaction. In this case, an increase 
in the number of organisms acts as a proportional increase in[E], 


ff 


6.0 = 


40 s 


Q 2.6 46 6.0 
Kyi kK: 


Fig. 1 Plot of relative maximum activities (V,/V>) against rela- 
tive Km values (K,/K>) in comparisons between allelic enzyme 
variants occurring in natural polymorphisms. The data come from 
five separate studies: ©, ADH in D. melanogaster (D. Thatcher, 
unpublished data); 0, lactate dehydrogenase (LDH) in Fundulus 
heteroclitus**; A, penicillinase in Bacillus licheniformis**; ®@, 
glucose-6-phosphate dehydrogenase in man**: W, LDH in Salmo 
gairdneri*’. The several symbols for a single enzyme represent 
values using different experimental conditions, either various 
temperatures (LDH) or substrates (ADH and penicillinase), and 
they are not independent of each other. All the measurements were 
made on purified enzymes. Symbols in the upper right and lower 
left quadrants support the proposed relationship. 
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Fig. 2 The results of simulating the relative amount of substrate 
consumed, or product produced (P), during development per 
individual plotted against the frequency of allele A ina population 
with Hardy-Weinberg genotypic proportions. The model assumes 
kinetic constants approximating those found empirically for the 
ADH polymorphism in D. melanogaster (ref. 13 and D. Thatcher, 
unpublished). The values used are A= Adh¥- Views 
900 pM min`’, Km = 0.01 M; a=Adh*: V max = 
450 pM min`’, Km =0.005 M. The heterozygote is assumed to 
contain only the two homodimers (because of the absence of 
information about the kinetic constants of the heterodimer). 
Development from egg to pupa is divided into 1,000 intervals of 
10 min each. The amount of substrate (ethanol) consumed in each 
time interval is calculated by converting the rate equation (1) to a 
difference equation, and entering the appropriate values of sub- 
strate and enzyme concentrations. The enzyme concentrations per 
fly are assumed to be equal in flies of all genotypes and to increase 
linearly through the larval period to 100 pM per fly. The substrate 
concentration is increased at each interval by 0.0005 M (as if 
ethanol is being produced continuously by yeast in the food 
medium) and reduced by the amount consumed by the larvae 
during the previous interval. Five sets of simulations are shown that 
differ only by the number of larvae per vial (N), which is given for 
each set. 


ed 


and therefore in V ma; (without a concomitant increase in Km). 
Simultaneous proportional increases in Vy and V, will not alter 
the values of R’ and R”. However, if the supply of precursor or 
substrate is sufficiently limited, increases in Vu and V, will 
accelerate its removal from the environment and will 
significantly reduce [S]. Consequently, they will shift the system 
away from the state represented by R’, towards that represented 
by R”. In other words, an increase in the number of organisms 
will tend to reduce the selective value of A. The selection will be 
density dependent. 

The selection will also be frequency dependent. An increase 
in the number of individuals carrying the more active A enzyme 
will have a greater effect on [S] than an equivalent increase in the 
number of individuals carrying a. At high frequencies of A its 
selective value will be less than at low frequencies. This is 
frequency-dependent selection, which is potentially capable of 
maintaining a balanced polymorphism (see, for example, ref. 9), 
and follows directly from the difference between the two 
allozymes in their V max and Kn. Figure 2 demonstrates that the 
frequency-dependent effect can be appreciable. 

The existence of frequency-dependent selection in the condi- 
tions assumed leads us to enquire whether it provides a general 
explanation for selectively maintained enzyme polymorphisms. 
The generality of the assumptions must, therefore, be examined 
critically. 

The first assumption is that the rate of reaction contributes 
monotonically to fitness. It implies that the reaction js rate 
limiting to some vital process, and thus excludes non-rate- 
limiting enzymes. However, although at any instant only one 
reaction in a pathway can be rate limiting, in a changing 
environment several or many may be successively so. There are, 
of course, situations in which an ‘optimal’ velocity can be 
exceeded, when overactivity is disadvantageous. In such situa- 
tions, frequency-dependent selection of the balancing kind is 
less likely to occur, but it is not excluded. 


7134 


The second assumption is that the removal of precursor or 
substrate from the environment is dictated by the velocity of the 
reaction. This again implies that the reaction is rate limiting, but 
also that it takes part in a pathway concerned with the uptake of 
an external substance. Enzymes catalysing reactions in deeply 
embedded internal pathways are not expected to be subject to 
this kind of frequency-dependent selection. 

The third assumption 1s that the available supply of precursor 
or substrate is low enough to be significantly altered by changes 
in the rate of the reaction. This will certainly occur when there is 
ecological competition for the precursor or substrate (for 
example, as food), because such competition necessarily implies 
a shortage of the resource, but it can also occur in other 
circumstances when the resource is not crucial to the survival of 
the population. The depletion, if it is to produce frequency- 
dependent selection, must not be merely local to the individual; 
it must spread to affect others. This can occur most effectively 
when the substance is freely diffusible, and when the organisms 
are crowded in a fluid environment. The frequency-dependent 
selection is most likely to act on organisms that obtain their food 
in solution (as, for example, do many microrganisms, dipteran 
larvae and the roots of plants). It is less likely to act on animals 
that ingest particulate food. 

The crucial question is whether unused precursor or substrate 
is returned to the environment in a form available to other 
organisms. Among herbivores and carnivores this return may 
take place through the faeces, but there will usually be a delay 
before the substance is once more available for consumption. 
Such a delay will certainly tend to destabilise the system. 

Both intuition and simulation suggest that the frequency- 
dependent effect of substrate diminution will be strongest when 
the concentration of substrate approximates to the K,, of the 
enzyme. This situation is probably common. There seem to be 
long-term evolutionary pressures adjusting the K,, values of 
enzymes towards the average concentrations of their sub- 
strates’”. 

Finally, it is necessary to consider how often the frequency- 
dependent selection will actually, rather than potentially, main- 
tain a polymorphism. Figure 2 shows a model derived from the 
kinetic constant of alcohol dehydrogenase (ADH) in Drosophila 
melanogaster, in which V mas and Km seem to be roughly pro- 
portional to each other. Although the selective advantage of the 
more active enzyme falls as its frequency increases, it is never- 
theless always superior to the less active enzyme. If a genuine 
balance is to be achieved there must be some additional disad- 
vantage associated with a higher V nas This disadvantage may 
be a disproportionate increase in K,,. The more active allelic 
enzyme is sometimes less stable (ADH ''~"* and xanthine dehy- 
drogenase’* in D. melanogaster). Enzymes are often stabilised 
by the binding of substrate, so that when the concentration of 
substrate is low an enzyme with a higher Km may be more liable 
to degradation. 

The hypothesis that enzyme polymorphism can be a 
consequence of differences in kinetic parameters is attractive for 
several reasons. First, it offers an explanation of polymorphism 
that may be widely applicable. Second, the present model leads 
to several specific and testable predictions. For example, it 
predicts that rate-limiting enzymes should be more often poly- 
morphic than non-rate-limiting, that enzymes with external 
substrates should be more often polymorphic than those 
intimately associated with the metabolic pathways of homeos- 
tatic organisms, and that enzymes with pervasive and freely 
diffusible substrates should be more often polymorphic than 
those with scarcer and less mobile substrates. There is already 
some support for these predictions. Regulatory enzymes, which 
are by implication rate limiting, have been claimed to have 
higher average levels of polymorphism than non-regulatory 
enzymes’* (but see ref. 16). Enzymes with external variable 
substrates are more polymorphic than those with internal 
constant substrates'*. Invertebrates generally have higher levels 
of polymorphism than vertebrates’, which have a better- 
developed internal homeostasis. Frequency-dependent selec- 
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tion has been reported to act on allozymic genotypes at two loci 
in D. melanogaster coding for enzymes with external sub- 
strates"? 

The third attraction of the ‘kinetic’ hypothesis is that it offers a 
closer integration between the theories of enzymology, popu- 
lation genetics and ecology. We note, in this context, that 
selection for an increase in V mas resembles the r-selection of the 
ecologists’’, that selection for a decrease in Km resembles 
k-selection, and that our model is mathematically similar to the 
models of inter- and intraspecific competition put forward by 
Stewart and Levin?’ and by de Jong’’. Ainsley” has suggested 
that kinetic differences in the ability of allelic enzymes to remove 
toxins can give rise to frequency-dependent selection, and his 
argument is similar in principle to our own. 

In conclusion, it seems that biochemical differences (in V max 
and Km) between allelic variants of enzymes can, in some 
circumstances, lead directly to frequency- and density-depen- 
dent selection. Such differences may be responsible for main- 
taining a significant proportion of enzyme polymorphisms, 
particularly among organisms taking up dissolved food. 

We thank Drs Harry Flint, Bruce Middleton and David 
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Amino acid substitutions in two 
functional mutants 
of yeast alcohol dehydrogenase 


A METHOD has been developed’ for selecting mutants of the 
structural gene for the constitutive alcohol dehydrogenase of the 
yeast Saccharomyces cerevisiae. These mutations alter but do 
not destroy the function of the enzyme. We report here the 
amino acid substitutions in two of these mutants, and examine 
the probable effects of these substitutions on enzyme structure 
and function. This is possible since the amino acid sequence’, 
isozyme differences” and possible subunit conformation’® of the 
protein are known. 
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Fig. 1 Autoradiogram of neutral peptides separated by electro- 

phoresis at pH 1.9. Fluorescent peptides are indicated by dashed 

lines. Samples are: a, mutant C-40; b and d, wild-type isozyme I; 
c, mutant S-AA-5. 


The mutants were isolated from strain XW517-2D, a mating 
type. This strain carries a mitochondrial lesion rendering it 
incapable of aerobic respiration (cytoplasmic petite). In com- 
mon with other petite strains, the only alcohol dehydrogenase 
found in the cytoplasm of this strain is the constitutive ADH-I, 
coded by the gene adc’. When grande strains of yeast, which are 
capable of aerobic respiration, are exposed to allyl alcohol, the 
majority of resistant mutants are ADH-negative'*®. This 
prevents formation of the poisonous aldehyde acrolein from the 
allyl alcohol, which is by itself harmless. In contrast, petite allyl 
alcohol resistant mutants must continue to exhibit ADH 
activity, and their source of resistance has been shown in three 
cases** to be due to shifts in the intracellular concentrations of 
NAD and NADH. A relative increase in the latter lowers the 
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Table 1 Data for the extra tryptic peptides in the mutants S-AA-5 and 
C-40 
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equilibrium concentration of acrolein in the cell. Kinetic alter- 
ations observed in the mutant enzymes affect binding constants 
and cooperativity, and are compatible with the observed shifts. 

Two of these mutants, S-AA-5 and C-40, were analysed. 
Both mutant enzymes are more basic than the wild-type form, as 
deduced from electrophoretic mobilities. They also exhibit 
kinetic differences. The enzymes were purified using affinity 
chromatography on AMP-Sepharose and ion-exchange 
chromatography on DEAE-cellulose*’. Proteins were reduced 
and alkylated with iodo['*C]acetate in 6M guanidine-HCl’. 
Digestion of 1 mg samples of the wild-type and mutant forms 
was carried out with trypsin. The mixture of peptides was 
separated on paper by multidimensional electrophoresis and 
chromatography’’. The patterns were examined by auto- 
radiography, fluorescence in UV light, and by staining with 
Cd-ninhydrin’’. 

In both mutants, alterations were immediately apparent. 
There is only one radioactive neutral’? tryptic peptide in 
ADH-I, and it is also the only fluorescent neutral peptide. It 
extends from position 39 to 59, including a histidine at position 
44 (ref. 4). In S-AA-5, this peptide was absent, and instead two 
others were detected, a radioactive and a fluorescent fragment 
(Fig. 1). On staining with Cd-ninhydrin, the fluorescent peptide 
took a yellow colour, suggesting that it might now begin with Thr 
45. This was confirmed by analysis of peptides isolated from 
15 mg of the purified enzyme. The results, given in Table 1, show 
that the two new peptides comprise positions 39-44 (peptide 1) 
and positions 45-59 (peptide 2). The alteration in S-AA-5 was 
therefore His 44 > Arg. 

The basic peptide beginning at position (315) in ADH-I, 
Ser-Pro-Ile-Lys*, was missing in mutant C-40, and replaced by 
two basic dipeptides, which on analysis (Table 1) proved to be 
Ser-Arg and Ile-Lys. The alteration in this mutant was therefore 
Pro(316) > Arg. In each mutant enzyme, the increased basicity 
and the extra tryptic cleavages are explained by the substitution, 

The tertiary structure of the dimeric horse liver ADH has 
been determined to 2.4A resolution’*®. Although the yeast 
enzyme is a tetramer and has a highly dissimilar amino acid 
sequence, there is much evidence® to suggest that the two 
proteins have a largely conserved subunit conformation. There- 
fore, it is reasonable to analyse the effects of the mutations in the 
yeast enzyme by examining equivalent positions in the horse 
protein. 
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Fig. 2 Diagram of the polypeptide backbone in horse liver 
alcohol dehydrogenase. The positions corresponding to the 
exchanges in the mutants S-AA-5 and C-40 are indicated. 


Of the two mutational changes, the His > Arg substitution in 
S-AA-S has the most clearcut effect. The position is shown in 
Fig. 2, and corresponds to Arg 47 in the horse liver enzyme. This 
residue forms a salt linkage with the pyrophosphate moiety of 
the NAD'*"*. The substitution is thus one which would be 
expected to shift the binding characteristics of the cofactor away 
from those of the yeast and towards those of the liver enzyme. 
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As histidine may be less ionised than arginine at physiological 
pH, this linkage could be weaker in the yeast enzyme, resulting 
in a higher Km. This is in fact the case. The Km values for NAD 
for the yeast and mammalian’? enzymes are 240 and about 
10 mM respectively at pH 8.8. For NADH they are 140 and 
about 10 mM, respectively. In mutant S-AA-5, the Km values 
for both NAD and NADH have been reduced to 60 mM, 
consistent with the expected effect of the substitution. As the 
reduction in K,, is not as great as in the mammalian enzyme, 
other substitutions must also play a part. This is compatible with 
the many differences observed in other residues involved in 
NAD binding'*. This mutant also shows a loss of positive 
cooperativity in the reaction ethanol > acetaldehyde °. The 
structural reason for this is not apparent, as the nature of the 
interactions in the quaternary structure are unknown. 

The effect of mutant C-40 is more difficult to understand. The 
substitution Pro (316) > Arg occurs at a distance from both the 
active site and the known region of subunit interaction in the 
horse enzyme (see Fig. 2), yet this mutant shows alterations in 
both cooperativity and substrate binding. The K,, values for 
ethanol and acetaldehyde have been raised fivefold and twofold 
respectively, while those for NAD and NADH remain 
unchanged’. The differences appear significant even if the 
absolute values for the wild-type enzyme are not in agreement 
with those from other investigations'*””’. 

The substitution occurs in the catalytic domain at a point 
corresponding to position 346 of the horse liver enzyme. This is 
at a turn between an extended structure along the inter-domain 
cleft, and a superficial strand of a B-pleated sheet region’*. The 
substitution may influence the turn. It may also increase the 
spacing between the domains. With unaltered central inter- 
domain connections, this might restrict the pocket for the sub- 
strate and hence increase the K,, values. Alternatively, the 
substitution may affect interactions within the quaternary struc- 
ture of the enzyme. The same region shows a number of 
differences in closely related isozymes (positions 178, (313), 
(337) and (338))*°. The lysine residue equivalent to Lys 228 in 
the horse liver enzyme, modification of which can increase the 
turnover number"’, is also nearby, as well as a substitution (Ala 
230 > Pro) in a variant form of human liver alcohol dehydro- 
genase”. 

The two mutants analysed in this study are the first for which 
the amino acid substitutions have been determined. Many other 
independent allyl alcohol-resistant mutants have also been 
produced by selection. The present results show that such 
mutants do not necessarily represent changes at the same point 
in the molecule, not even when electrophoretic mobilities are 
similar (S-AA-5 showed 86% and C-40 87% of the mobility of 
the wild-type enzyme at pH 8.6). There is therefore strong 
reason to suppose that amino acid substitutions at additional 
positions will explain many of the other functional mutants of 
ADH-I, and that their determination will cast further light on 
the function of the molecule. 

We thank Julia Phelps for technical assistance and Carl-Ivar 
Brandén for the diagram and for discussions. This work was 
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Human complement C4 locus 
is duplicated on some chromosomes 


WE have described genetic polymorphism of the fourth 
component of human complement (C4) and postulated that it 
was determined by an autosomal locus close to HLA-B on 
chromosome 6 (refs 1, 2). From familial and population studies 
of the electrophoretic C4 patterns, O'Neill et al.” postulated that 
there are two C4 loci in all individuals, and that C4° alleles 
occur with high frequency at both. It was further shown that the 
blood groups Chido (Ch) and Rodgers (Rg) are closely asso- 
ciated with certain C4 types and indeed represent antigenic 
determinants on C4 molecules‘, probably on the C4d part’. In 
this report we have used immunochemical methods to show that 
the C4 locus is definitively duplicated at least on some 
chromosomes. The implications are that the locus is either 
duplicated on all chromosomes and C4° alleles occur frequently 
at both, or alternatively, that the locus is duplicated on some 
chromosomes only. 

High-voltage agarose electrophoresis and immuno- 
fixation/haemolytic assay reveal several different C4 pheno- 
types. Familial studies of the segregation of C4 phenotypes have 
shown that there are three main C4 haplotype products (not 
phenotypes): a slow four-band ‘short’ pattern (S), a fast four- 
band short pattern (F), and a seven-band ‘long’ pattern including 
all the S and F bands (F, or FS)’. The most common of several 
rare haplotype products is a four-band short pattern (M) 
migrating slightly anodal to S. The $ and M haplotypes are 
ordinarily Ch*, Rg’, the F haplotypes Ch, Rg’, and the F, or 
FS haplotypes Ch’, Rg“ (O.B. et al., in preparation), 

We postulated that if the C4F, (Ch*, Rg”) haplotype product 
was a mixture of proteins coded for by two genes, it should be 
possible to separate the S (Ch*) protein from F (Rg”) with an 
appropriate antibody. If on the other hand, the haplotype 
product was coded for by one gene, an antibody directed at one 
part of the molecule should affect the electrophoretic migration 
rate of both the S (Ch*) and the F (Rg*) part of the haplotype 
product. 

C4 typing of samples was carried out as described in detail 
previously’. Ch and Rg typing of serum (plasma) was carried out 
by an inhibition assay of anti-Ch/Rg and C4 low ionic strength 
(LIS) coated red blood cells (RBC) using an antiglobulin reac- 
tion with IgG (R.N., in preparation). The anti-Ch serum used, 
serum OO, was from a patient recently transfused with several 
units of Ch* whole blood. Using RBC coated with C4 from Ch’ 
serum in LIS medium, the direct agglutination titre in saline 
medium of this serum was 2,048, and more than 50,000 with an 
antiglobulin technique using pure anti-IgG. An IgG fraction of 
the OO serum was used in the studies described below. The 
serum was fractionated on a Sephadex G-200 column. The 
vacuum-concentrated IgG fraction gave a direct agglutinin titre 
exceeding 5,000 in saline against Ch” C4-coated RBC, whereas 
the IgM fraction was negative. 

Equal volumes of heparin plasma C4S (Ch*, Rg”) and the IgG 
fraction of serum OO, incubated for 1 h at 37 °C, showed that 
the IgG fraction completely removed the electrophoretic C4S 
pattern from the plasma. The C4 pattern of C4F (Ch~, Rg”) did 
not change in the same conditions. 
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Fig. 1 Electrophoretic C4 patterns before and after absorption 
with IgG fraction of an anti-Ch antiserum. 1: Control C4F/F 
plasma sample; 2: F/S plasma sample; 3: F/S plasma sample 
absorbed; 4: FS/M plasma sample; 5: FS/M plasma sample 
absorbed; 6: FS/F plasma sample; 7: FS/F plasma sample absor- 
bed; 8: M/S plasma sample; 9: M/S plasma sample absorbed; 10: 
FS/S plasma sample; 11: FS/S plasma sample absorbed; 12: S/S 
plasma sample control. 


Figure 1 shows our main results. The individuals studied are 
members of families whose C4/Ch/Rg haplotypes are fully 
mapped from segregation in three generations. To summarise 
the results: The OO IgG fraction in this experiment absorbed S 
from S plasma, MS from MS plasma, S from F,S plasma, S from 
F,F plasma, S and M from F,M plasma, and S from FS plasma. It 
did not absorb anything from F plasma. The control experiments 
exclude dilution and nonspecific degradation as causes of the 
observed results. We have therefore shown that the C4 locus is 
indeed duplicated in some individuals, that is, on either one or 
both chromosomes in individuals segregating for the F, pattern. 
We therefore now recommend a change in nomenclature to 
haplotypes; a person homozygous for the two genes previously 
called F, would be of the haplotype FS/FS and a person 
heterozygous for one F, and one F or S would be either FS/F or 
FS/S. 

The chromosomes not coding for long patterns may, however, 
still have only one C4 locus, as the guinea pig seems to have, the 
only animal so far studied with similar techniques‘. The postu- 
late that all human chromosomes have two C4 loci with a high 
frequency of C4” alleles’ remains unproved. This hypothesis 
can probably only be tested when it is possible to approach the 
problem on the DNA or RNA level. The present findings 
suggest that duplication/non-duplication of the C4 locus may be 
present as a polymorphism of its own in humans. One may 
speculate, of course, on the possible forces behind a poly- 
morphism of this kind. Could a duplicated C4 locus represent an 
evolutionary advantage in humans, and thus represent a trait 
occurring increasingly frequently in the human race? 
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Sequence of the 5’-end of 
Strongylocentrotus purpuratus 

H2b histone mRNA 

and its location within histone DNA 


EXTENSIVE DNA sequence analysis of the cloned histone gene 
repeat unit from the sea urchin Stronglyocentrotus purpuratus 
has identified the five histone protein coding sequences’~ (I.S., 
unpublished). R-loop and heteroduplex mapping strongly 
suggest that the sea urchin histone genes contain no intervening 
sequences*. In addition to the protein coding sequences the 
corresponding histone mRNAs each contain about 100 extra 
nucleotides**. The location of these additional sequences in 
relation to the coding sequences is not certain. It is of interest to 
map the mRNA termini within the known DNA sequence 
because this information may help to identify transcriptional 
and translational control elements. Direct nucleotide sequence 
analysis of RNA can be carried out by enzymatic, base-specific 
cleavage of end-labelled RNAs*’. However, 5'-end labelling of 
mRNAs involves several enzymatic reactions (‘decapping’, 
dephosphorylation and phosphorylation) that require nuclease- 
free enzyme preparations’; furthermore, the RNA to be 
sequenced must be homogeneous. Indirect sequencing analysis 
of RNA can be obtained from its complementary cDNA. RNA 
has been sequenced in this way using a chain termination 
method with dideoxytriphosphates’, synthetic primers and 
purified mRNA templates’®'*. Alternatively, end-labelled 
restriction fragments have been used to prime synthesis of 
cDNA on homogeneous **"* and partially purified'*'* mRNA 
templates followed by either chemical’’ or enzymatic’ sequenc- 
ing of the resulting cDNA. Our approach is similar and shows 
that prior purification of the RNA template is unnecessary. We 
present here the 5’-terminal sequence of S. purpuratus H2b 
mRNA, derived from purified H2b mRNA as well as from total 
polysomal RNA, using the chain termination method’ adapted 
for RNA sequencing. We also determine its location within the 
histone DNA sequence. 

A short DNA restriction fragment, known to be located in the 
H2b protein coding region, was used as a primer for RNA- 
directed DNA synthesis. During an initial hybridisation step in 
which DNA/RNA hybridisation is favoured over DNA/DNA 
hybridisation’, the appropriate DNA strand binds to its 
complementary RNA sequence as a primer, and in this way 
selects the RNA template, which is then copied by reverse 
transcriptase in the presence of the four dideoxy chain termina- 
tors. 

As shown in Fig. 1, we used as a primer a 51-base pair DNA 
fragment which is located in the NH2-terminal end of the H2b 
coding region and is generated by AluI and HaelIII restriction 
endonucleases (New England Biolabs). The 3'-end of this prim- 
ing DNA strand is located 10 bases downstream from the 
protein initiation codon. The fragment is short enough for the 
elongated chain-terminated DNA to be easily separated on the 
sequencing gels. This DNA fragment was obtained by 
endonuclease digestion of pRC39 (ref. 4), a plasmid which 
contains a completely sequenced BamI/EcoRI restriction 
fragment (1,016 base pairs) encompassing the H2b histone 
gene. The digestion products were separated on 8% (1/30 
cross-linked) polyacrylamide gels. This homogeneous fragment 
was used to prime DNA synthesis by reverse transcriptase on 
both purified H2b mRNA and unpurified, total polysomal RNA 
as described below. In parallel with the RNA template we also 
used a DNA template, the BamI/EcoRI restriction fragment. 
The strands of this fragment were separated by electrophoresis 
on a 5% (1/60 cross-linked) polyacrylamide gel’? after dena- 
turation in 50% dimethyl sulphoxide at 90 °C for 3 min (ref. 20). 
The faster-moving non-coding strand which has the same 5-3’ 
orientation as the mRNA was used as the template. 

Five equivalents (10 pmol) of the double-stranded DNA 
primer fragment were denatured and hybridised to the 





© Macmillan Journals Ltd 1979 











738 Nature Vol. 279 21 June 1979 
oe ae ot, 
Bam | 3 meme 5 Eco RI 
Hae Hae Hae Hae 
Alu Alu Alu Alu 
“| | | | | 
t i t t i § 
~100 100 300 500 700 
b -110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -19 1 


5? Sates orate a a atest ote See ea cea cal a vitac Cacanace TA ETE al na ] Cc 


3' » *AG*CCGGGGCACATATTTTTCCTT TCCAAGAGCGACG, 


STG TCATAGGTTTCTTATAAACGAACT GTATGAGCAAAGCGACGTAGAAATGICTGGTCTTT TGGAGT TAAGTAGTAQ? GAG 


3° CA+-GG*-TCTT: +> “ACGAACTGTA: > < -CAAAGCGAC: ‘AGAAATGTCTGGTC: -TTGGAG «TAAGTAGTACCGAGGT TGT | A 


3' CATAGG THIT e+. CGAACTGTA 


H2B mRNA 


Cais AAAGCGAC - TAGAA -TGOTCTGGTCT+ TT. GA- TTAAGTA- TACCGAGGTT B 


1 
5 me GUAUCCAAAGAAUAUUUGCUUGACAUACUCGUUUCGCUGCAUCUUUACAGACCAGAAAACCUCAAUUCAUC AUG GCU CCA ACA ~~ 


ala-proetar-=- 


Fig.1 Nucleotide sequence of the 5’-end of histone H2b mRNA and its location within the DNA sequence of $. purpuratus. a, Alul and Haelll restriction 
endonuclease map of the cloned Bam1/ EcoRI restriction fragment containing the H2b coding region (thicker horizontal line). Open boxes indicate the locations of 
nucleotides common to all sequenced S. purpuratus histone genes. Nucleotides are numbered by reference to the first nucleotide of the initiation codon. The DNA 
template for reverse transcriptase is the non-coding strand of the BamI/EcoRI fragment. The primer DNA (p) is the AluI/HaeIIl fragment; its location and 3'~5’ 
orientation is indicated. b, 5’-terminal nucleotide sequence of H2b mRNA (bottom line) deduced from the cDNA sequence of: (A) purified H2b mRNA; (B), 
polysomal RNA; (C), the non-coding DNA strand of the BamI/ EcoRI restriction endonuclease fragment. Only the positively identified nucleotides are shown, In 
the double-stranded DNA sequence (C) the lower strand was determined in this experiment whereas the upper strand served as a template. The initiation codon and 
the common nucleotides PyWCATTCPu are boxed. The ‘cap’ structure of the mRNA is indicated by the black box. 


following: (1) One equivalent (2 pmol) purified H2b mRNA, 
assuming that the length of the mRNA is 500 bases*”. The 
mRNA was purified by hybridising total polysomal RNA 
extracted from early blastula stage S. purpuratus embryos to an 
excess of pRC39 DNA immobilised on cellulose as previously 
described”. The eluted RNA is of a single size, as judged by 
polyacrylamide gel electrophoresis, after 3'-end labelling with 
RNA ligase and “*P-pCp (ref. 7 and I.S., unpublished). (2) One 
equivalent (2 pmol) H2b RNA in 125 pg total polysomal RNA 
assuming 0.25% of the polysomal RNA represents H2b mRNA. 
(3) One equivalent (2 pmol) single-stranded DNA of the 
BamI/EcoRI restriction fragment. 

DNA/RNA hybridisation was carried out in 80% formamide, 
2 x SSC at 50 °C for 2 hat primer and template concentrations of 
1 uM and 0.2 pM, respectively. The conditions for DNA/DNA 
hybridisation were as described elsewhere’ except that the 
primer was separately denatured at 100°C for 3 min before 
hybridisation. Denatured primer and single-stranded template 
were annealed at 68 °C for 30 min at concentrations of 0.8 pM 
and 0.16 uM, respectively. 

The chain-terminated polymerisation reactions were carried 
out with reverse transcriptase as described in the legend to Fig. 
2. Each set of reactions included a control mixture without 
dideoxy chain terminators’? to identify full-length transcripts 
and possible artefactual bands on the sequencing gel caused by 
nonspecific termination during the polymerisation reactions. 
The **P-labelled reaction products were separated on thin 7 M 
urea~8% polyacrylamide (1/30 cross-linked) gels?” and visu- 
alised by autoradiography. 

Figure 2 shows autoradiographs of the sequencing gels. The 
three panels show the reverse transcriptase transcription 
products derived from purified DNA (a), polysomal RNA (b) 
and DNA templates (c). The sequences of the RNA-dependent 
transcripts (Figs 1bA, B, 2a, b) are identical to the sequence 
derived from the DNA template. The sequenced portion of the 
5'-end of the H2b mRNA is therefore co-linear with the cor- 
responding sequence of the cloned sea urchin histone genes and 
does not contain any nucleotide insertions or deletions. This 


co-linearity extends beyond the nontranslated leader sequence, 
at least to nucleotide 64 of the protein coding region (data not 
shown). The sequence derived from the DNA template (Figs 
1bC, 2c) confirms the sequence data previously reported’. 

Sequences derived from the RNA template are ambiguous at 
certain positions, perhaps related to secondary structure or 
site-specific degradation of the RNA. Such nonspecific stops do 
not occur on the DNA template. The single-stranded DNA 
template which has the same 5'~3' orientation as the H2b 
mRNA was sequenced in parallel with the mRNA template. 
This side by side sequencing facilitates the determination of 
bases in these ambiguous positions. The DNA template, which is 
longer than the homologous mRNA, also serves as a control for 
nonspecific termination (see below). It is not necessary to 
determine beforehand the orientation (coding or non-coding) of 
the two separated DNA strands. They can both be used as 
templates in separate reactions and only the sequence derived 
from the non-coding strand serves as a reference. 

It is interesting that the DNA sequence derived from purified 
H2b mRNA contains more nonspecific termination events than 
that derived from total polysomal RNA. These nonspecific stops 
are clustered (Figs 1b, 2a, b) and might be a result of secondary 
structure in the RNA template which is more pronounced in 
purified RNA. 

Whereas the first 20 nucleotides of the RNA-dependent 
transcript can be read unambiguously, the first 4 nucleotides of 
the reaction with the DNA template are unreadable. They are 
probably obscured by internally labelled primer molecules. In 
the RNA-dependent reactions the primer is not labelled 
because of the presence of actinomycin D. As the purified H2b 
mRNA was isolated by hybridisation in vast DNA excess, 
contaminating DNA sequences homologous to the mRNA 
might be present and available as a template. Actinomycin D 
was thus included to ensure the exclusive use of RNA templates 
by reverse transcriptase. 

Both RNA-dependent sequences (Fig. 2a, b) stop 71 bases 
upstream from the protein initiation codon (Fig. 1). Although 
we cannot exclude the possibility that reverse transcriptase stops 
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Fig.2 Autoradiographs of sequencing gels showing the chain-terminated 
transcription products of the purified H2b mRNA (a), unpurified H2b 
mRNA (b) and the DNA (c) templates. Electrophoresis was on 8% ( 1/20 
cross-linked) thin polyacrylamide gels? containing 7 M urea, 100 mM Tris- 
borate, pH 8.3, 1 mM EDTA at 1,000 V, constant power. Sections of three 
gels, electrophoresed for different times, are shown, overlapping nucleotides 
are bracketed. The nucleotides are numbered by reference to the first 
nucleotide of the initiation codon. DNA/RNA hybrids were prepared as 
follows: 10 pmol primer DNA was dissolved in 9 ul 90% formamide 
(MC/B), denatured for 5 min at 40°C and transferred to silanised Eppen- 
dorf tubes containing 2 pmol of the dried H2b mRNA template. The 
solution was adjusted to 2*SSC, 80% formamide by addition of 1 wl 
20x SSC and hybridisation was carried out for 2h at 50°C. (1xSSC= 
0.15 M NaCl, 0.015 M sodium citrate). The formamide was diluted with 
20 jal 2 x SSC and the hybrids precipitated with 100 ul ethanol, washed twice 
with 80% ethanol and dissolved in 12 ul 1.66 x H buffer. (H = 50 mM NaCl, 
34mM Tris, pH 8.3, 6mM MgCl,, 5mM dithiothreitol), DNA/DNA 
hybrids were prepared in sealed capillaries in a total volume of 12 pl 
1.66 x H buffer as described in the text. The RNA sequencing reactions were 
carried out in a total volume of 5.25 yl in silanised Eppendorf tubes. Each 
reaction contained: 2 ul hybrids in 1.66 xH buffer: 1 ul dNTPs [500 pM 
each of dATP, dCTP, dGTP (Sigma) and 85 uM (100 Ci mmol)~’ [a-**P}- 
TTP (Amersham)}; 1 ul 1 x H buffer containing 3 units reverse transcriptase 
from avian myeloblastosis virus (Life Sciences): 1 ul of either 1 mM ddATP, 
0.S mM ddCTP, 0.5 mM ddGTP, 0.1 mM d(d)TTP (PL Biochemicals) or 
H,0 and 0.25 yl actinomycin D (1 mg mI~') in 50% ethanol. In practice, a 
pre-mix containing hybrids, dNTPs and actinomycin D (Sigma) was added to 
the individual dideoxynucleotides, followed by the enzyme addition. 
Incubation was for 10 min at 42 °C ina final buffer concentration of 0.8 x H. 
To prevent nonspecific termination due to the low [a-*P]TTP concen- 
tration, 1 ul 0.5 mM TTP in 0.8xH buffer was added after 10 min and 
incubation was continued for 10 min at 42°C. The reaction mixtures were 
treated with 1 ul 1 M NaOH at 100 °C for 3 min, chilled and neutralised with 
l ul 1 M HCI. The DNA was finally precipitated with 150 ul ethanol after 
addition of 0.5 ug yeast tRNA (PL Biochemicals) in 45 ul 2M NH,OAc and 
washed twice with ethanol. Samples were dissolved in 90% formamide, 
1 mM EDTA, 0.05% xylenecyanol bromphenol blue, heated to 100 °C for 
3 min, rapidly chilled and loaded on the gel. Samples containing DNA 
templates were prepared in the same way omitting actinomycin D and the 
final NaOH treatment. 
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because«of a strong stop signal in the RNA itself, the enzyme 
does transcribe right through the same sequence on the cor- 
responding DNA template. This sequence can be read clearly to 
the A of the Bam! site at position —116 (Fig. 2c). Therefore, it is 
very likely that the end of the sequences derived from the 
mRNA template represents the 5'-end of the H2b mRNA. The 
S. purpuratus histone mRNAs are capped with the structure 
7mGpppX™pYp (ref. 23). As we do not know if reverse tran- 
scriptase can copy the nucleotides at the X or Y positions of the 
‘cap’ structure, we cannot conclude that G at position —71 is the 
very first base of the H2b mRNA. 

The 5'-terminus of the H2b mRNA determined here maps 
next to a short nucleotide sequence which is common to all 
sequenced S. purpuratus histone genes*. This sequence, 5' 
PyCATTCPu 3’ (boxed in Fig. 1), is found 50-70 bases upstream 
from the initiation codon for H2a, H2b, H3 and H4 and 
nowhere else in the sequenced part of the histone gene repeat 
unit. As the mature H2b mRNA does not contain this 
septanucleotide, it is probably not a translational control ele- 
ment. We note also that the 5'-end of the H4 mRNA has been 
tentatively located adjacent to the same sequence by matching 
H4 mRNA oligonucleotides to the known DNA sequence’. 

If we assume that the H2b mRNA is 500 nucleotides long, we 
can predict the location of its 3'-terminus within the DNA 
sequence. Interestingly, this prediction locates the 3’-terminus 
next to a nucleotide sequence [5' CAXGAAAGAXT 3’ (boxed 
in Fig. 1A)] which is common to all three histone genes (H2a, 
H2b and H3) which have been sequenced downstream from the 
protein termination codon’. The function of these sequences in 
histone gene expression remains to be determined. 

We thank Dr M. Bina-Stein for communicating unpublished 
data, Dr J. Fiddes for technical advice, Dr J. W. Beard for 
reverse transcriptase. L.K. is an investigator of the Howard 
Hughes Medical Institute. The research has been supported by 
grants from the American Cancer Society, the NIH and the 
Veterans Administration. 

Note added in proof: Recently we have formed DNA: RNA 
hybrids in the absence of formamide. This eliminated 
nonspecific chain termination events in sequencing the H2a, H3, 
H1 and H4 histone mRNA 5'-termini. Each of the 5’-termini 
coincides with the sequence 5'PyPyATTCPu3' in the genomic 
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If you have a regular requirement 
for full quantitative cell information, 
it’s worth checking out the Barr & Stroud 
GN5 Integrating Microdensitometer. 
With a scanning duration of only four 
seconds yet giving 20.25 micron resolution, "we 
it brings speed and precision to cell preparation 
analysis. 

The use of highest quality Leitz optics ensures 
reliability of results for even the smallest specimens. 
For histochemical and cytochemical studies, accuracy 
is better than + 1% over an optical density range from 
less than 0.1 to greater than 2.5. 

Area measurement, electronic masking and 










narrowband illumination are just 
some of the other features which 
make this instrument a most 
= attractive addition to your 
" laboratory. 
The GNS Integrating Microdensitometer vields 
results with a speed and at a level of accuracy that far 
outstrips the standards that can be achieved by manual 
methods of study. 
Designed in accordance with ergonomic principles, 
it’s comfortable to work with too. 
Start to reduce your laboratory workload by 
sending for full literature today. Use the journal reply 
system or, alternatively, contact us direct. 


Barr & Stroud 


adds to your resources 


Barr & Stroud Limited, Melrose House, 4-6 Savile Row, London WIX LAF. Tel: 01-437 9652. Telex: 261877. 
A member of the Pilkington Group. 
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Viroids and Viroid Diseases 
by T.O. Diener, US Department of Agriculture. 


A comprehensive, up-to-date account of the existing 
knowledge on viroids and the diseases they cause. It contains 
original ideas on the origin of viroids and novel hypotheses 
concerning their action in infected organisms. Since their 
discovery, viroids have created intense interest among many 
scientists because they are an entirely novel type of pathogen, 
constituting the smallest known agents of infectious disease: 
they cause a number of economically important plant diseases; 
they are nucleic acid molecules of unique structure not known 
before; they replicate and cause disease in spite of their small 
size and simple chemical composition, a fact considered 
impossible before their discovery, and they may have great 
implications in certain animal and human diseases. This book. 
includes the mast complete bibliography on viroids published to 
date. 


June 1979 
0471 03504 1 


270 pages 
$27.00/£13.50 


Mechanisms of Cell Change 


edited by J.D. Ebert, Marine Biological Laboratory. 

Woods Hole, Massachusetts 

and T. Okada, Kyoto University, Japan. 

An duthoritative, timely, and concise volume focusing on the 
central problem of development, based on the essential 
mechanisms underlying the development of integrated 
multicellularity, diversified tissues, and organismic wholeness. 
it includes detailed coverage of recent Japanese discoveries, 
since Japan has emerged as one of the world’s centres of 
research in the field. The book is based on the proceedings of 
the 8th International Congress of the International Society of 
Developmental Biologists. 


April 1979 


358 pages 
0471 03097 X $48 .65/£24.60 


Human Reproduction: Physiology and 
Pathophysiology 


edited by R.W. Huff and C.J. Pauerstein, University of Texas 
Health Science Centre at San Antonio. 


A single volume source of current information on such topics as 
reproductive endocrinology, infertility and contraception, 
venereal disease, genetics in human reproduction, manage- 
ment of both normal and high-risk pregnancy and fetal growth 
and maturity. 


June 1979 
0471 03562 9 


508 pages 
(paper only) $18.00/£9.00 


Diagnostic Electron Microscopy Vol. 2 


edited by B.F. Trump and R.T. Jones, both of the University of 
Maryland School of Medicine. 


This series offers the latest in technical and scientific 
information including discussion of laboratory management 
and the correlation of electron and light microscopy with 
standard techniques. Volume Two covers liver and bladder 
pathology, the hematopoietic system, ophthalmic pathology, 
gynaecology, peripheral nerve, and CNS disorders. Further 


volumes are in preparation. 
April 1979 416 pages 
0471 89196 7 $46.00/£23.30 


Turtles: Perspectives and Research 
edited by Marion Harless and H. Morlock. 


A survey of all aspects of turtle biology ranging from care and 
management in research to conservation requirements and 
techniques. It examines current knowledge of turtles, including 
evolution, geography, biology and behaviour. Possibilities for 
future research are proposed and techniques are included for 
housing, handling, and treating turtles in research situations, 
CNS, sensory systems, and physiological data are summarized. 


June 1979 712 pages 
0471 35204 7 $60.00/ £30.00 


Inbred and Genetically Defined Strains 
of Laboratory Animals Part 1: 


Mouse and Rat 
edited by P.L. Altman and Dorothy D. Katz. 


Inbred and genetically defined strains of laboratory animals are 
unique research tools: all members of an inbred line have 
essentially the same genetic constitution. An investigator is 
able, therefore, to restrict the biological variables affecting an 
experiment, and to repeat at other times or in other laboratories 
expefiments requiring fine discrimination within a species. The 
profound insight that genetic expression gives to biological 
experiments has led to the rapidly increasing use of inbred and 
genetically defined animais. The difficulties in organizing the 
information for the different strains and species, and in 
developing a perspective on the number and availability of such 
animais, have presented a formidable barrier to those who are 
not primarily geneticists. The objective in preparing /nbred And 
Genetically Defined Strains Of Laboratory Animals was to 
organize and present the material in such a way that the range 
and nature of the data would be immediately accessible to 
those seeking the information for experimental purposes. 
Scientists requiring the mouse or rat in their research will find 
Part 1 of this new data book an essential reference source. 
Part 2 of this volume, covering hamster, guinea pig, rabbit, and 
chicken is in production, (A FASEB Biological Handbook) 


June 1979 446 pages 
0471 05678 2 $71.50/£35.75 
Available from John Wiley & Sons in all areas except the U.S.A. 
and Canada. 


Viral Hepatitis 
by R.S. Koff, Veterans Administration Hospital and Boston 
University School of Medicine. 


A comprehensive data-base on the virology, immunology, 
epidemiology, and clinical features of acute viral hepatitis. The 
clinical spectrum of hepatitis virus infections, their differential 
diagnosis, and their management are emphasised. it will serve 
as a major reference source of detailed information on all 
aspects of viral hepatitis, which represents a major public 
heaith problem, and is an area in which there has recently been 
significant progress. (A Clinical Gastroenterology Monograph) 


April 1979 256 pages 
0471 03695 1 $26.00/£13.00 


Nervous System and Hypertension 


edited by P. Meyer, Hôpital Necker, Paris and H. Schmitt, 
UER Médicale Broussais, Paris. 


in this summary of a rapidly progressing fieid, leading 
authorities discuss clearly, and for the first time, the 
pathogenic role of the sympathetic nervous system in 
hypertension. (Perspectives in Nephrology and Hypertension) 
June 1979 398 pages 
0471 04718 X $56.00/£28.50 
Not available from Wiley in France, Belgium and Switzerland. 
A Wiley/Flammarion Co-publication 


John Wiley & Sons Limited 
Baffins Lane - Chichester ‘Sussex PO19 1UD - England 
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Still the Queen of Sciences? 


Rutherford and Physics at the Turn of 
the Century. Edited by M. Bunge and 
W. R. Shea. Pp. 192. (McGill Uni- 
versity Press: Montreal, 1979.) $20. 


APART from Rutherford, this book 
reminds the reader of the many others 
who were around in experimental 
physics at the turn of the century. In 
Cambridge, of course, there was J. J. 
Thomson, in France Becquerel, the 
Curies and Jean Perrin, in Germany, 
Röntgen, Hertz, Boltzmann and 
Planck, and in Holland, Zeeman and 
Lorentz. These men, building on the 
great achievements in mechanics and 
electromagnetism of the nineteenth 
century, made the discoveries which 
set in train the developments which 
led to the second explosion in our 
understanding, that in the decade of 
1925 to 1935. This book, centered on 
Rutherford, is about how physicists 
looked at themselves and their disci- 
pline at that time, and provokes a 
comparison between the situation then 
and that in the annus mirabilis of 
quantum mechanics, and also with the 
present time. 

The book is a series of essays by 
physicists and historians given on the 
occasion of the Rutherford Symp- 
osium at McGill University in October 
1977, though at least one essay (by the 
late Norman Feather) had been pub- 
lished previously. The first, by Erwin 
Hiebert of Harvard, describes the state 
of physics at the turn of the century. 
First, he writes about the self-image of 
the physicsts. They were supremely 
confident and physics to them was the 
queen of the sciences. In the nine- 
teenth century, heat and electricity, 
once the domain of chemistry, had 
been added to physics, then called 
‘natural philosphy’, Now the science 
of the atoms, the classical domain of 
chemistry, was being added too. Its 
prestige, according to the author, was 
because of its generality, fundamental 
nature and theoretical pertinence for 
all the other sciences. This might have 
been argued at any time, but it was 
advocated far more openly and 
brazenly than ever before. This was 
not because of the impact on the out- 


side world; the future of electrical 
technology was seen to be very 
promising, but apart from this the 


applications of chemistry to industry, 


v) 


Rutherford in 190 





agriculture and war were overwhelm- 
ingly more important, in contrast to 
the situation today. 

Apart from Einstein’s Special Rela- 
tivity and Planck’s introduction of a 
quantum of radiation, the period is 
represented as the heyday of the experi- 


mental physicists, unexpected pheno- 
mena like X-rays, the electron and the 
radioactive transformation emerging 
one after another from their work. In 
this it contrasts with previous periods, 
with the massive theoretical achieve- 
ment of Maxwell and before him 
Newton, and with the period from 
1924-30 which saw the formulation of 
quantum mechanics. In this period 
theoretical work was inspired by an 
idea that did not prove successful, 
namely that of the mechanical Ether, 
which it was felt might through some 
singularities account for the electron 
and for other particles. 

The experimental approach is seen 
as particularly English. An interesting 
essay by Niel Cameron (McGill) says 
that French thinkers, notably Pierre 
Duhem and Henri Poincaré, “‘regarded 
English physicists with a mixture of 
admiration and exasperation. They 
could find in them no trace of their 
own drive to achieve elegance, sym- 
metry, completeness—only a passion 
for workable hypotheses, mechanical 
models and demonstrations that could 
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be given a readily comprehensible 
meaning. From the French point of 
view, the English had no theory, in the 
grand sense of the word, only a kind 
of inspired thrashing about”. 

The reviewer wonders if this is still 
a feature of English physics, in con- 
trast with that of other communities. 
With frequent exchange and emigra- 
tion particularly to the US there is 
probably less difference between one 
advanced country and another, and 
representatives of different ways of 
thought are to be found everywhere. 
Nevertheless, he remembers vividly the 
day when some young research workers 
burst into his room in the Cavendish 
excitedly, “Prof, come and see a 
moving dislocation’, and showed him 
the little dark lines darting about on 
the screen of an electron microscope. 
“Jolly little beggars”, Rutherford 
would have called them, and this 
was in the typical tradition of our 
country. 

Perhaps also this was the end of the 
era when it was possible to doubt the 
physical existence of atoms and molec- 
ules. Ostwald was converted by cloud 
chamber photographs; the scientific 
historian Ernst Mach, founder of the 
Vienna Circle, perhaps never; but on 
the whole Rutherford'’s materialistic 
view prevailed because of its success. 
Rutherford, according to an essay by 
Stanley J. Jaki (Seton Hall), spoke 
about that reality with an intense com- 
mitment ‘“‘as if he were defending the 
honour of a woman he loved”. On 
being told by Eddington that electrons 
possibly were only mental concepts and 
had no real existence, Rutherford 
exclaimed, “Not exist? Not exist? 
Why I can see them as plainly as I 
see that spoon in front of me”. 

Most of the classic Rutherford 
stories are to be found in this book; 
and for the reviewer, there are some 
new ones. Of particular interest is the 
account of his move to McGill and the 
reasons for it. McGill’s physics build- 
ing was splendidly equipped; the donor 
of the institute, William Macdonald, 
had spared no expense. Rutherford 
expected—as he wrote to his fiancée, 
Mary Newton, in 1898—to be “prac- 
tically boss man in the laboratory”, 
but in fact this took him some time to 
achieve. His predecessor was Callendar, 
the man who revolutionised thermo- 
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metry, who left behind him a strong 
research group to carry on this kind 
of work. Callendar was a pupil of J. J. 
Thomson, an athlete, a mathematician, 
physicist, classicist and a fellow of the 
Royal Society, the first of J.J.’s pupils 
to rise so high. In short, when Cal- 
lendar left McGill his colleagues 
naturally doubted that anyone so fine 
could be found to replace him. So at 
the end of his first year in McGill, 
Rutherford wrote to Mary Newton still 
waiting for him in New Zealand, “I 
am getting rather tired of people tell- 
ing me how great a man Callendar 
was, but I always have the sense to 
agree. As a matter of fact, I don’t 
quite class myself in the same order as 
Callendar, who was more an engineer- 
ing type than a physicist, and who took 
more pride in making a piece of appa- 
ratus than in discovering a scientific 
truth”. “This expression of snobbery” 
—as one essay puts it-—“‘makes 
clear enough where Rutherford stood 
on the relative merits of pure and 
applied research”. 

And, as all the world knows, he had 
his way in McGill and = achieved 
supreme success there (and incidentally 
the Nobel Prize for chemistry). Two 
things he had learned at the Cavendish 
had helped him. One was that one 
need not strive for accuracy in pioneer- 
ing work. “In measuring the mechani- 
cal equivalent of heat (as did 
Callendar), ‘“‘infinite pains are re- 
quired”; in chronicling the activities 
of his “jolly little beggars” (ions), 
two-place accuracy would normally 
suffice. And the other was—how to 
form a research group. In fact, an 
interesting article by Lawrence Badach 
maintains that at McGill, Rutherford 
“laid the foundations of big science” 
in ways we would now take for 
granted, but perhaps not then: by the 
publicity he gave to his work, by the 
flow of research reports and publica- 
tions in Nature and the Philosophical 
Magazine, and by the formation of 
research groups. Nothing succeeds like 
success, and it is perhaps true that at 
McGill Rutherford set the pattern 
which has carried phyiscs to its present 
heights. 

On reading this book, I am tempted 
to contrast the physics community of 
1900 (+ 5) with the Cavendish I first 
knew from 1927-33, and with the situa- 
tion today. In 1902 one is almost 
surprised to find Rutherford writing 
to his mother from McGill, “I have to 
keep going, as there are always people 
on my track. I have to publish my 
work as rapidly as possible in order 
to keep in the race’’. This feature 
surely remains. In 1930, as now, all 
over the world in all branches of 
science there were and are enthusiastic 
research groups, enjoying their work, 
eager to publish and to stay in the race. 


But there are now many more races. 
Rutherford’s beloved nucleus, alas, 
can only be pursued with megabuck 
machines and a degree of theoretical 
understanding that eludes most 
scientists, even physicists in other 
specialities. Even a branch of the sub- 
ject like solid-state physics has split in- 
to many divisions: semiconductors, 
metals, mechanical strength, plastics 
and amorphous materials, each with its 
journals and international conferences. 
In contrast to 1900 and 1930, the tech- 
nological importance of physics, 
especially in microcircuits and nuclear 
energy, is enormous. The computer, a 
child of physics, enables the behaviour 
of matter to be predicted in a way 
that would have been inconceivable 


What everyone needs 
to know about 
cancer imunology 


Handbook of Cancer Immunology. 
Vol. 1: Basic Cancer-Related Immun- 
ology. Vol. 2: Cellular Escape from 
Immune Destruction. Vol. 3: Immune 
Status in Cancer Treatment and Prog- 
nosis (Part A). Vol. 4: Immune Status 
in Cancer Treatment and Prognosis 
(Part B). Vol. 5: Immunotherapy. 
Edited by H. Walters. Pp. 1867. (Gar- 
land: New York and London, 1979.) 
$37.50 each volume; $165 the set. 


SoME 25 years ago it became accepted 
that experimental animal tumours 
expressed neoantigens which elicited 
immune responses in the autoch- 
thonous host, or as its nearest approxi- 
mation syngeneic hosts receiving trans- 
planted tumour, and these responses 
could control tumour growth. Since 
then there has been an enormous 
growth of research into many aspects 
of the immunological recognition of 
malignant cells. Today this approach 
to cancer is at a stage where there is 
a need to review the concepts de- 
veloped over the past years, rejecting 
those which no longer seem tenable 
and consolidating those deemed worthy 
of further study. Indeed critics will say 
the time has come for tumour immun- 
ology to substantiate the concept that 
host immune responses really do play 
a significant role in controlling cancer 
development. 

Against this background, these five 
volumes attempt to provide an over- 
view of basic developments in cancer 
immunology. This begins (volume 1) 
with a series of chapters on basic 
cancer immunobiology, and volume 2 
deals exclusively with mechanisms by 
which tumours may escape immune 
destruction. Many of the individual 
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two decades ago. Whether physics is 
still “Queen of the Sciences” as in 1900 
and 1930 is more doubtful; some of the 
most startling developments in the last 
decades have been in biology, both 
pure and applied. However, most phy- 
sicists will feel, rightly or wrongly, 
that an understanding of nature is only 
complete when expressed in the langu- 
age of physics, and in that sense now 
as then we can believe that ours is the 
supreme discipline. z 


Sir Nevill Mott was until 1971 Cavendish 
Professor of Physics at Cambridge. For 
his research work on the application of 
quantum mechanics to problems of solid- 
state physics, including non-crystalline 
semiconductors, he was awarded the Nobel 
Prize for physics in 1977. 


articles are excellent, providing short 
informative reviews of topics of par- 
ticular interest to the authors. Never- 
theless, one is left to draw one’s own 
conclusions about the basic concepts of 
tumour immunology. For example, 
one would have expected volume I to 
provide a critical assessment of the 
relative merits of chemically-induced 
and virus-induced tumours compared 
with naturally arising animal tumours 
as models for human cancer. In fact 
this problem is not considered until 
later (volume 3) in reviewing the role 
of macrophages in resistance to cancer. 
The mechanisms by which tumours 
may escape immune destruction are 
considered in some considerable detail 
(volume 2) and this topic is further 
reviewed in volume 4. Altogether 
these articles provide a comprehensive 
survey of humoral factors such as 
circulating tumour antigen and 
antigen-antibody complexes which may 
interfere with cell-mediated immunity 
to tumour cells, But what of suppres- 
sor cells and factors released by these 
cells? Apart from their consideration 
in one particular animal system, there 
is no clear statement of opinions as to 
whether these cells do or do not play 
a decisive role in modulating immunity 
in tumour-bearing animals. 

Turning next to human cancer, 
volumes 3 and 4 contain a series of 
articles presenting studies on specific 
types of malignant disease. The 
objective here is to review evidence 
that the selected human cancers do 
elicit immune responses in the patient. 
Here the selection of human tumour 
types for review and the order of 
presentation is somewhat puzzling. In 
reviewing studies with solid tumours 
and leukaemias the critical evaluation 
of methods for detecting cell-mediated 
and humoral immune responses is 
presented in volume 4, but this is pre- 
ceded in volume 3 with chapters deal- 
ing with specific examples such as 
malignant melanoma and cancer of the 
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Health and the Family 


edited by C. Wood 
June/July 1979, xiv + 240pp., £11.60/$24.50 0.12.80869.118505 (Published jointly with Grune and Stratton) 


This volume deals in an unusually comprehensive way with one of the major human problems of this century, the changing 
status of the family. A wide range of experts from the United States and Britain consider this problem, its causes and its effect. 
It is important for the health professions and in particular the physician to understand the nature of this change and the 
importance of adapting medical education to the problems that arise. Each chapter deals with a specific aspect of the problem 
including the farnily-orientated birth, the feminist and birth-control movements, attitudes towards the aged and the effect of 
television on the young as well as new developments in medical education. Chapters on new educational developments in 
family medicine, internal medicine, paediatrics, obstetrics and psychiatry ali describe the growth of a more human and 
personalised approach to health problems of the individual and the family. The final chapters cal! upon health professionals to 
deal more effectively with the modern epidemics of mental ill-heaith, alcoholism and drug abuse as well as to provide for the 
health needs of an increasingly aged population. This book brings together issues and problems relating health care and 
medical education with the sociology of the family, and illustrates the importance and unique relationship between them. 


Fantasy and Symbol 


Studies in Anthropological interpretation 


edited by R. H. Hook 
July 1979, xii + 304pp., £11.80/$25.00 0.12.351250.6 


Fantasy and symboi have played a part in art and life since the beginning of civilisation itself. This outstanding collection of 
essays in honour of George Devereux comprises papers originally presented at a symposium on ‘Psychoanalysis and the 
Interpretation of Symbolic Behaviour’ at Canberra in 1975, augmented by a number of provocative and scholarly essays by 
other distinguished and world-famous anthropologists on the theme of symbolic interpretation in anthropology. The 
coliection starts with a paper by Devereux himself, arguing that fantasy and symbol, often thought to be concerned only with 
an unreal or imaginary world, in fact play an important part in the actions and events of daily life. Claude Lévi-Strauss 
examines the place taken by seeds of the bean in the myths and rites of peoples of the Ancient, Old and the New World, in an 
original and entertaining essay. Subsequent papers deal with symbol and fantasy in ritual and myth. This book will be of great 
value to anthropologists, those interested in transcultural and comparative psychology, psychiatry and psychoanalysis, or 
those concerned with the interpretation of myth and ritual. 


Proceedings of the Serono Symposia: No. 23 


Somatomedins and Growth 


edited by G. Glordando, J. J. Van Wyk and F. Minuto 
July 1979, c. 362pp., £17.60/$37.00 0.12.285350.4 


‘This book summarises the original papers and discussions presented at the international Symposium on Somatomedins and 
Growth, held at Santa Margherita, Italy, in March 1978. This symposium provided the opportunity for investigators from many 
different disciplines to summarise and integrate the vast amount of data which is now emerging from laboratories around the 
world on the chemistry and pryalo'ogy of the somatomedin family of peptides. Papers were presented on the nature of 
somatomedins in blood, methods for their detection and the origins and physiological significance of the somatomedins. 
Particular emphasis was placed on the chemical nature of these compounds and their unique binding properties. 
Consideration was also given to the comparison of results obtained by radioreceptor assay, protein binding assay and 
radioimmunoassay, and to the effect of administering somatomedins to experimental animals. This book contains much that 
will be of interest to endocrinologists, in particular pediatric endocrinologists and diabetologists. It will also be of value to cell 
biologists concerned with nutritional and hormonal factors involved in cell growth. 


Speech-Hearing Tests and the Spoken Language of 


Hearing-Impaired Children 


edited by J. Bench and J. M. Bamford 
Summer 1979, xvili + 528pp., £23.50/$45.00 0.12.088450.X 


Speech-audiometry has an established place in the group of tests used by auc opie. speech and hearing therapists, 
educational audiologists and teachers of the deaf in order to assess a person's hearing for speech. Most speech audiometry is 
conducted with word lists, but some make use of lists of sentences. Until now, existing tests consisting of sentence material 
have been of questionable validity for testing children’s speech-hearing ability. in particular, tests have been linguistically too 
advanced, especially with regard to the complexity of their grammar and vocabulary. This book reports the resuits of a large 
scale research project in which the primary aim was to overcome this difficulty by designing new and more appropriate 
speech-audiometric tests for hearing-impaired children aged 8-15 years. The background to and procedure for the research is 
described and discussed in detail, and the final speech tests themselves (the Bamford-Kowai-Bench (BKB) Sentence Lists for 
Children) are presented. The reader is given ample imformation on the reliability and other practical aspects of the new tests. 


Advances in Marine Biology: Volume 16 


edited by F. S. Russel and M. Yonge 
June 1979, xii + 436pp., £32.50/$68.50 0.12.026116.2 


Volume 16 opens with a review by R. V. Gotto of our knowledge of the systematics, occurrence, and habits of copepods living in 
association with marine invertebrates, many of whose actual relationships with their hosts is as yet little known. G. A. 
Paffenhofer and R. P. Harris discuss the laboratory culture of wholly planktonic animals as a contribution to the 
understanding of food webs in the sea. The second article by A. J. Underwood reviews the ecology of intertidal gastropod 
molluscs from the points of view of the factors limiting their distribution and the causes of spatial and temporal variations in 
their abundance. Finally G. Y. Kennedy contributes an article on pigments in marine invertebrates. Marine animals and plants 
are often brilliantly coloured and a knowledge of the chemical composition of these pigments throws light on their evolution 
and physiological significance. This volume maintains the high standard of the series. With its detailed, authoritative reviews it 
will be of interest to fish biologists, oceanographers and biologists in general. 


Coal and Modern Coal Processing 


edited by G. J. Pitt and G. R. Millward 
July/August 1979, xii + c. 220pp., £8.50/$18.00 0.12.557850.4 


With the predicted exhaustion of oil reserves within decades, the importance of coal as a source of energy and chemical 
feedstocks is increasing rapidly. The need to develop means of processing coal more efficiently has been accompanied by the 
involvement of increasing numbers of scientists and engineers in research and development work on new coal processes. The 
purpose of this book is to provide a succinct and up-to-date introductory account of the formation, structure and main 
properties of coal, with brief descriptions of processes for converting it into gas, liquid fuels, coke and graphite, and for its 
combustion for heating and power generation. Some of the chapters include accounts of recent work that have not been 
published elsewhere, and sources of more detailed information are indicated throughout. It will be particularly suitable for 
graduates, technical staff and undergraduates in fuel science and chemical engineering, and for all those entering the coal 
processing industry. 


Cold Tolerant Microbes in Spoilage and the Environment 


edited by A. D. Russel and R. Fuller 
June/July 1979, xii + 164pp., £9.80/$21.00 0.12.603750.7 


This volume, Number 13 in the Society for Applied Bacteriology Technical Series, originated at a Demonstration Meeting of the 
society heid at Brunel University's Department of Biology in Autumn 1977. The subject of the meeting was one of increasing 
importance to microbiologists: “Cold Tolerant Microbes in Spoilage and the Environment.” Contributions have been brought 
together from experts on psychrotrophic bacteria to show their various effects on fundamental metabolism, ecology and food 
spoilage in the contest of low temperature microbiology. An excellent survey is thus provided of the importance of 
psychrotrophic bacteria and of techniques involving psychrotolerant and psychrotrophic micro-organisms. For those 
involved in this particular area of microbiology, notably food and dairy scientists, a reference work of this standard will prove 
to be essential reading. it will also be of particular value to bacteriologists, cryobiologists and microbiologists, and to 
postgraduate and undergraduate students in these areas. 


Non-Metallic Solids: A Series of Monographs No. 1 
edited by J. P. Roberts and P. Popper 


Glass Ceramics Second Edition 


P. W. McMillan 
July/August 1979, vill + 284pp.,£16.60/$35.00 0.12.485660.8 


Since the first and widely acclaimed edition of ‘Glass-ceramics' was published in 1964, the theoretical and commercial bases 
of this industrial science have been transformed. This second edition, greatly revised and enlarged, describes both the 
theoretical and practical aspects of glass-ceramics and presents a distillation of previously unpublished ideas and data. Its 
discussion, for example, of the formation of giass-ceremic microstructure and of microstructure-property relationships 
covers completely new ground. Important recent developments are surveyed, including processes for the production of very 
high strength materials and machinable glass-ceramics. The discussion of the applications of glass-ceramics ranges from 
considerations of fields in which the materials are firmly established to areas where the potential of the materiais still awaits 
full exploitation, such as uses in nuclear power engineering and in the medical field. Throughout the text, where processes are 
discussed, they are illustrated by practical examples. 


The Earth: Its Origin, Structure and Evolution 


edited by M. W. McElhinny 
July 1979, xiv + 598pp., £36.00/$74.50 0.12.482750.0 


in this important research volume, faculty members of one of the leading research institutes in geochemistry and geophysics 
present reviews of the current state of knowledge of various aspects of the origins and composition of the Earth. The book 
begins by discussing the origins of the Earth, and goes on to consider its composition and structure, from core to crust, as 
deduced from seismology, geomagnetism and laboratory studies of phase transitions and physical properties at high 
temperatures and pressures. Geochemical aspects of the evolution of the upper mantle and crust are also discussed, 
including the origin of magmas, porphyry copper deposits, the isotopic evolution of granite and the distribution of rare earth 
elaments in the continental crust. The final chapters review palaeomagnetic studies related to the past distribution of 
continental crust, with discussions of the geomagnetic polarity time scale and of continental drift since the Devonian. This 
book will be of great interest to anyone needing a review of particular aspects of the origin, structure and evolution of the 
Earth: students and researchers in the earth sciences, geology, geophysics and geochemistry. 


Biology and Systematics of Colonial Organisms 


edited by G. Larwood and B. R. Rosen 
June 1979, x + 588pp., £40.00/$82.75 0.12.436960.X 


Coloniality is a very loosely used word in biology and if it is used precisely it generally has different meanings for different 
specialists. A very wide range of organisms are supposed to show colonial or social behaviour, including bacteria, 
protozoans, coelenterates, bryozoans, echinoderms, bivalves, certain insects and gregarious vertebrates including man. Is 
there a common factor to these different biological associations or are there very different biological phenomena involved? in 
this volumne specialist authors from a wide range of research backgrounds present their views on a particular group of colonial 
or social organisms. The editors have tried to cover as many different groups as possible, fossil and living, but inevitably the 
bias is on invertebrates. There is a general emphasis throughout on the likely adaptive advantages and possible evolutionary 
reasons for the development of coloniality. Within this general framework subjects discussed include coordination, 
eee functional morphology, chemoreception, electrophysiology and the ecological strategies of colonial 
growth forms. 


s e N * s 
Numerical Analysis of Singular Perturbation Problems 

edited by P. W. Hemker and J. J. H. Miller 

June/July 1979, xii + 500pp., £17.50/$37.00 0.12.340250.6 

The analytical theory of singular perturbation problems is a well established area of research, which has been developing for 
many years. On the other hand, the numerical analysis of such probiems seems to have received relatively little attention and 
most of this has been in the last few years. As a result of this rapid expansion of interest in recent years a conference was 
organised at the Catholic University, Nijmegen, The Netherlands from 30 May to 2 June 1978, to bring together 
mathematicions working on these problems. These published proceedings contain a collection of new explorations in the 
field and several applications. This volume will be of interest to research workers and lecturers in applied mathematics and 


numerical analysis and to all those concerned with the application of numerical methods to singularly perturbed problems 
such as boundary layer problems. 


The Physics of Laser Fusion 
fiers 1979, x + 200pp., £17.50/$37.00 0.12.509350.0. 


This book provides the first synthesis of the physics of laser fusion to be accessible to the wide audience of physicists and 
engineers who are interested in the field but not necessarily specialists. Laser compression of matter for fusion reactions is 
one of the most promising approaches to the resolution of the energy problem, and research towards this end is rapidly 
progressing in several countries, drawing on many branches of physics. Since few specialists even can be well acquainted 
with each of these branches the book provides the background theory in each one and draws the various strands together to 
show their applications to the laser fusion probiem. 


Analytical Chemistry 
Second Edition 
D. J. Pietrzyk and C. W. Frank 
March 1979, xx + 700pp., £10.70/$16.50 0.12.555160.6 


The extensively revised version of this important textbook has a dual objective: first, to acquaint students with the 
fundamental principles encountered in modern chemical and instrumental methods of analysis; secondly, to enable students 
to master the basic quantitative skills and techniques required to perform careful measurements in the laboratory. In order to 
broaden the scope of the book, the authors have repeatedly used examples from related disciplines to illustrate the 
fundamental principles. 


Journals Published by Academic Press Inc. New York 


Behavioural and Neural Biology 


edited by J. L. McGaugh 
Publication, Monthly. Subscription, Volumes 25-27, 1979 £112.00/$ 185.25 $157.50 (USA) 


Behavioural and Neural Biology publishes major theoretical and review papers, experimental papers and brief communications 
of research findings, in all areas of neurobiology and behaviour. As an interdisciplinary journal, it includes papers concerned 
with neuro-anatomical, neurophysiological, neurochemical, neuropharmacological and neuroendocrinological bases of 
behaviour, as well as papers dealing with human and infrahuman behaviour from a biological perspective, including studies of 
behaviour genetics and field studies. Prompt reviewing and publishing ensure that the material is as up-to-date as possibie. 


Journal of Applied Biochemistry 
edited by J. J. Marshall 
Publication, Bimonthly. Subscription, Volume 1, 1979 £27.30/$45.00 $45.00 (USA) 


Journal of Applied Biochemistry is a new international journal devoted to the publication of papers presenting original results, 
review articles and other features in the field of applied biochemistry. Results of fundamental studies directly related to the 
design of new biotechnology, the improvement of existing biochemical processes, and the preparation, utilization, 
conversion or application of biological materials will also be published. 


Published for the international Union of Biochemistry 
Prices include Postage. 


Academic Press London New York San Francisco 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 


24-28 Oval Road 111 Fifth Avenue, New York 
London, NW1, England NY 10003 USA 
Australian office: 


P.O. Box 300, North Ryde, NSW 2113, Australia 
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brain and bladder. Nevertheless, these 
chapters present accounts of the cur- 
rent status of research into the immun- 
ology of human cancer and it is 
refreshing to read critical appraisals in 
which the concepts developed from 
experimental animal tumour studies 
are tested. This includes an evaluation 
of the in vitro techniques for measur- 
ing cell-mediated immunity to human 
tumours, the conclusion being that 
these are not satisfactory for detecting 
or monitoring immune reactivity in 
cancer patients. Several of the chapters 
in volumes 3 and 4 also consider tech- 
niques for detecting antibody responses 
to human tumours. This approach 
came into vogue in the late 1960s, but 
with the introduction of more sophis- 
ticated assays which were thought to 
detect sensitised lymphocytes it fell 
out of fashion. Following recognition 
that the cell-mediated assays are more 
complex than originally thought, there 
has been a resurgence of interest in 
testing for anti-tumour antibodies. In 
this context it is recognised that anti- 
body assays are particularly applicable 
for monitoring the isolation of tumour 
antigens in subcellular fractions. Un- 
fortunately the biochemistry of tumour 
antigens is not dealt with in any great 
detail in these volumes, although the 
potential of the serological approaches 
in defining tumour antigens is illus- 
trated in a review of melanoma 
associated antigens. 

The final volume of the series sets 
out to review approaches for the 
immunological treatment of cancer. 
Surprisingly a variety of non-specific 


agents such as cyclic nucleotides, polia- 
nions, levamisole and neuraminidase 
are considered, whereas the ‘well-tried’ 
agents, BCG and C parvum, receive 
little attention. This approach may 
have been deliberate, as there are 
numerous reviews on cancer treatment 
with bacterial adjuvants. Nevertheless, 
this is to be regretted, as most of the 
clinical trials being carried out around 
the world have used either BCG or C 
parvum and so a critical appraisal of 
this work should have been presented 
as a basis for the ‘newer’ approaches. 
This volume clearly emphasises how 
little is known of the inter-relationships 
of cell-mediated and humoral immune 
responses generated by a developing 
tumour so that it is still essentially 
impossible to devise rational 
approaches to the immunological treat- 
ment of cancer. 

This is an ambitious series of 
volumes which probably succeeds as 
well as could be expected considering 
the vagaries of the individual contribu- 
tors. The series as a whole provides 
an overview of cancer immunology 
but never really comes to grip with the 
basic problems. These concepts could 
have been presented in a much more 
economic fashion, which would have 
been more appealing to the uninitiated 
seeking guidance into the vast 
literature on cancer immunology. 

R. W. Baldwin 


R, W. Baldwin is Professor in Tumour 
Biology at the University of Nottingham, 
and Director of the Cancer Research Cam- 
paign Laboratories, Nottingham, UK. 





Virus diseases 
of trees and shrubs 


Virus Diseases of Trees and Shrubs. By 
J. I. Cooper. Pp. 74. (Institute of 
Terrestrial Ecology/National Environ- 
ment Research Council: London, 
1979.) £3. 





THis book is a comprehensive collation 
and review of the virus, virus-like and 
mycoplasma diseases of a wide range 
of the exotic and indigenous trees and 
shrubs found in Britain. The book does 
not cover Malus, Prunus and Pyrus 
species because the author felt that 
these plants had been adequately 
covered in the literature on the virus 
diseases of fruit trees. 

Many of the virus diseases discussed 
were studied in other countries but they 
are likely to occur or be introduced 
into the UK. Dr Cooper also describes 
the main methods of studying these 
diseases and determining their means 
of spread, deleterious effects and 
methods of control. 


It is only in recent years that this 
important group of diseases of trees and 
shrubs has been studied. This book is 
a very useful summation of the avail- 
able information, although there are 
a few conspicuous omissions, for 
example, virus diseases of Chaenomeles, 
Cladrastis and Hibiscus species. The 
book is clearly written and presented, 
and very well illustrated with a total 
of 65 colour and monochrome photo- 
graphs, providing a very useful identi- 
fication and reference guide to those 
involved in the study and diagnosis of 
tree and shrub diseases, or those in- 
volved in the propagation and produc- 
tion of woody plants. At the very 
reasonable price of £3, it is well within 
the reach of students and educational 
establishments and will do much to 
make horticulturalists, plant pathol- 
ogists and plant health inspectors aware 
of the previously neglected, but im- 
portant subject of the virus diseases of 
trees and shrubs. 

J. B. Sweet 


J. B. Sweet is at Long Ashton Research 
Station, University of Bristol, UK. 
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Biology of the 
intertidal zone 


Biology of Intertidal Animals. By R. C. 
Newell. Third edition. Pp. 781. (Marine 
Ecological Surveys: Faversham, UK, 
1979.) £22. 


Ir is almost ten years since the first 
edition of Professor Newell’s book 
appeared, and during those ten years 
there has been a revolution in the 
approach to the study of intertidal 
animals. Much of the natural history, 
the ways of life and overall ecology 
of the commoner intertidal animals 
was familiar and ably put together in 
the first edition. What has happened 
since is a reappraisal of intertidal in- 
vertebrate biology by zoologists in- 
terested in the physiological and 
biochemical strategies used by animals 
in adaptation to their particular niches. 
Fields of particular interest which may 
be mentioned are those of temperature 
acclimation, energy budgets and 
facultive anaerobiosis. This new edition 
contains much of the original descrip- 
tions of the basic natural history, feed- 
ing mechanisms, and so on. Although 
these parts are brought up to date, the 
arrangement of the chapters is different 
and reflects this change in emphasis 
which has occurred within the last 
few years. 

The book is cast in four sections: 
distribution patterns, energy acquisi- 
tion, metabolic energy expenditure, 
and a final chapter on energy budgets. 
Thus, although the first edition ended 
with a chapter on thermal stress and 
desiccation, the tolerance of environ- 
mental stresses generally is brought 
forward and the subject is properly dis- 
cussed after the initial descriptions of 
the intertidal environment. This in- 
cludes the recent work by Trueman 
and coworkers on burrowing. The 
descriptions of faunas of special 
habitats has been updated by the in- 
clusion of the discussion of the work 
of Fenchel, Wieser and others on the 
role of bacteria and other micro- 
organisms in the ecology of fine de- 
posits. The chapter which follows 
integrates the many diverse factors 
influencing the distribution of intertidal 
organisms, emphasising the fact that 
the distribution and occurrence of any 
species is the resultant of the interplay 
of many factors. There is a useful 
introduction to Alderdice’s approach to 
this problem illustrated by various ex- 
amples, including Professor Newell’s 
own recent work on Ligia. In the 
energy acquisition section there are 
useful discussions of the roles of dis- 
solved nutrients, of microorganisms in 
the energy equations, and of deposit 
and filter feeding, and it is indicative 


of the modern approach that these 
discussions precede the description of 
the actual feeding mechanisms. The 
concept of ration and factors affecting 
feeding rate and the energy budgets 
are properly discussed after the updated 
descriptions of feeding. 

The third section concerns energy 
expenditure indicated by respiratory 
rate and includes discussions of the 
interesting work of de Zwaan, Bayne, 
Hockachka and others on facultative 
anaerobiosis and of the factors affecting 
the rate of oxygen uptake in aerobic 
conditions. The final chapter attempts 
an integration of the various adjust- 
ments available to organisms to main- 
tain optimal fitness. 

Review papers and some recent 
books concerned with thermal acclima- 
tion, anaerobic pathways, enzyme 
biochemistry and multi-factorial analy- 


Rock 
mechanics 


Experimental Rock Deformation: The 
Brittle Field. By M. S. Paterson. Pp. 
254. (Springer: Berlin, Heidelberg and 
New York, 1978.) DM48; $24. 


LABORATORY experiments aimed at de- 
fining the mechanical characteristics 
of rocks under high confining pressure 
constitute a growth industry; people 
concerned with tectonic processes, 
earthquakes or the proper design of 
foundations for civil engineering pro- 
jects are the customers. The subject 
divides naturally into the study of plas- 
tic deformation and the study of brittle 
fracture: the monograph under review 
is largely concerned with the second, 
but in spite of its title, it incorporates 
a valuable chapter on the brittle- 
ductile transition in rocks. 

Professor Paterson, who has built up 
a flourishing school of rock mechanics 
in Canberra, has successfully set out to 
assemble a concise source-book. The 
bibliography is very extensive indeed 
and a scan through dates shows how 
modern a subject this is. David Griggs 
in California, building on the experi- 
mental genius of Percy Bridgman, was 
the father of modern rock mechanics, 
and his first citation dates back only 
to 1935. This bibliography will be of 
lasting value. 

There are major differences between 
the mechanical behaviour of rocks and 
of metals, even brittle metals. Profes- 
sor Paterson shows an impressive fami- 
larity with the metallurgical literature 
and refers to it whenever it can illumi- 
nate a matter in hand; a special 
appendix is devoted to modern fracture 
mechanics, the metallurgists’ creation. 
One special feature of rock behaviour 
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sis are not easy reading even for most 
advanced undergraduates. Where Pro- 
fessor Newell deserves congratulation 
in his new edition is in not only 


providing excellent summaries in 
themselves but in giving sufficient 
background for students for an 


appreciation of these exciting fields of 
research as an introduction for their 
further study. The book is very well 
produced in a larger format than the 
original and is to be recommended to 
all who wish to understand the biology 
of the intertidal zone. No library 
serving students’ needs in the biclogical 
sciences should be without it. 

R. P. Dales 


R. P. Dales is Professor of Zoology at 
Bedford College, University of London, 
UK. 


which is very clearly set out here is the 
linkage between incipient fracture and 
an anomalous enhanced dilatancy, an 
increase in specific volume. In the brit- 
tle-ductile transition, dilatancy again 
plays a major diagnostic role, and a 
distinction can be made between cata- 
clastic flow (the microfracturing of rock 
followed by relative displacement of the 
fragments) and true crystal plasticity. 
The former process, but not the latter, 
is associated with measurable dilatancy. 
It seems that the dilatancy here dis- 
cussed is much larger than the uniaxial 
microstrain preceding yield long studied 
by metallurgists. 

Another unfamiliar subject well 
explained in the book is the stick-slip 
mechanism of frictional displacement, 
which has numerous implications for 
the behaviour of rock, both macro- 
scopic and microscopic; presumably it 
serves to define the conditions of cata- 
clastic flow. This chapter nicely supple- 
ments the long familar treatment by 
Bowden and Tabor (The Friction and 
Lubrication of Solids; Clarendon/ 
Oxford University Press: Oxford, 1950, 
1964), who largely concern themselves 
with metallic friction. In this chapter 
and elsewhere in the book, Professor 
Paterson shows a necessary concern 
with the characteristics of the testing 
machine, stiffness in particular, which 
have a marked effect on the apparent 
fracture or flow behaviour of rock 
samples. 

The book is exceptionally good value 
for money, and the reviewer now looks 
forward to completing his set in a few 
years’ time with a companion volume 
on the plastic deformation of rocks. 

R. W. Cahn 


R. W. Cahn is Professor of Materials 
Science at the University of Sussex, 
Brighton, UK. 
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This journal has been 
created to meet the 
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UNIVERSITY OF 
NATAL 
DEPARTMENT OF BOTANY 
PIETERMARITZBURG 

Applications are invited from 
Suitably qualified persons regardless of 


sex, religion, race, colour or national! 
origin, for appointment to the post of 
LECTURER 

Preference will be given to candi- 
dates who have a particular interest in 
the field of the higher cryptogams but 
who would aiso be willing to assist in 
the teaching of flawering plant tax- 
anomy and/or phytogeography, 

The successful applicant will he 
expected to participate in the normal 
teaching of undergraduate courses, 
including field excursions, and to 
engage and supervise research in one 
of the above fields of botany. 


The salary will be in the range: 
R8,100 to RI 200 per annum. 
The commencing salary will be 


dependent on the qualifications and/or 
experience of the succeasful applicant. 
In addition, an annual vacation savings 
bonus is payable, subject to Treasury 
regulations. 


Application forms, further particu- 
lars of the post and information on 
pension, medical aid, group insurance, 
staff bursary, housing loan and 
subsidy schemes, long leave conditions 
and travelling expenses on first appoint- 
ment are obtainable from the 
Registrar, University of Natal, P.O. 
Box 375, Pietermaritzburg, 3200, 
South Africa, with whom applications, 
on the prescribed form, must be 
lodged not later than August 31, 1979, 
quoting reference PMB 33/79, 
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UNIVERSITY OF 
CAMBRIDGE 
PATHOLOGY DEPARTMENT 
POSTDOCTORAL 
RESEARCH BIOCHEMIST 


Applications are invited from bio- 
chemists with some postdoctoral experi- 


ence to fill an MRC funded post- 
doctoral research assistantship, ta 
collaboraie on various aspects of 


collagen biosynthesis by cultured cells. 
This would involve setting up known 
assays for various post-translational 
“nygymes, as well as collagen purifica- 
tion, chain separation and characterisa~- 
tion, 

The appointment is for a period of 
2 years in the first instance with an 
initial salary of £4,631 per annum, on 
Range tA of the University Scale and 
aot £4,882 for the second year. 
Applications, as well as requests for 
Further information, should be sent to 
Or C EL Levene, Department of 
Pathology, University of Cambridge, 
Tennis Court Road, Cambridge CB? 
AQP; they should include a brief 
curriculum vitae, and names and 
addresses of 2 referees. It is hoped to 
SH the post by early August, 1979, or 
BS oon as possible thereafter 
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PRESTON POLYTECHNIC 


Applications are invited 
for the post of 


LECTURER H IN BIOLOGY 


Preference will be given to appli- 
cants with qualifications and experi- 
ence in cell physiology, animal 
physiology or  medigal laboratory 
science. 


Salary scale (under review): £4,101 
to £6,558. 


Application forms and further 
particulars may be obtained from the 
Personnel Officer, Preston Polytechnic, 
Corporation Street, Preston PRI ITO, 
to whom completed applications should 
be returned within I4 days from the 
appearance of this advertisement. 
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UNIVERSITY OF DUBLIN 
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LECTURESHIP 
IN PHYSICS 


Applications are invited for the 
above post in the Department of 
Pure and Applied Physics, Trinity 
College, Dublin, tenable fram 
September 1, 1979, or as soon as 
possible thereafter. This vacancy 
arises as a result of Government 
sponsored developments in engin- 
eering. 


Research activities within the 
department are mainly in the 
areas of condensed matter physics 
including polymers, nuclear ine 
Strumentation and surface physics: 
applications would be welcomed 
from candidates with interests 
and/or experience in these fields. 
Candidates with research interests 
in other areas would be considered 
without prejudice. 


Salary scale: £4,317 


per annum, 


to £8,487 


Appointment may be made wih- 
in the range £4,317 to £5,492 per 
annum at a point commensurate 
with the experience and qualifica- 
tions of the successful candidate. 
There is a non-contributory pension 
scheme. 


Interested persons should, in the 
first instance, telephone the Sto 
Office, Trinity College, on Dublin 
772941, ext. 1678 or ext. 1775 or 
contact The Establishment Officer 
by Telex §442 TCD EL. 


The closing date for receipt of 
completed applications will be 
July 21, 1979. RASHA) 
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SOUTHAMPTON 
GENERAL HOSPITAL 
DEPARTMENT OF 
HISTOPATHOLOGY 
MEDICAL LABORATORY 
SCIENTIFIC OFFICER 
OR JUNIOR B 


The post is suitable for persons 
studying for H.N.C. or the special 
examination of the LM L.S. The work 
covers a wide range of techniques 
undertaken in well-equipped labora- 
tories and there is close liaison with 
the Departments of Neuropathology, 
Electron Microscopy and University 
Experimental Pathology. 

Further information from Senior 
Chief Medical Laboratory Scientific 
Officer, Miss M. Litchfield, telephone 
Southampton 777222, ext. 3956. Appli- 
cation forms from Mr PF, Finder. 
Personnel Department, Southampton 
General Hospital. Telephone South- 
ampton 777222, ext. 4160. 

ZAK AY 


SENIOR EDITOR 


The International Schools Division 
of Macmillan Education Limited need 
an experienced Senior Editor to take 
charge of and develop a section of 
their schools publishing programme 
overseas, particularly but not ex- 
clusively in West Afrita. 

The job will involve commissioning 
parts of the list and being responsible 


for other editors who also come 
missier, 

The successful applicant will 

@ be imaginative and resourceful 


@ be profit conscious 
have a knowledge of overseas 
markets 

@ preferably have a science degree 


Please apply with full cy. to: 

M. J. Thorrowgood, Publishing 
Director, Macmillan Education 
Limited, Houndmills Industrial 
Estate, Houndmills, Basingstoke, 
Hants. ZAHA) 


MACMILLAN 





EDUCATION 


DEVELOPMENT 
BIOCHEMIST 


BRIDGEND SOUTH WALES 
SALARY £ NEGOTIABLE 





Miles Laboratories Ltd are market leaders in the manufacture of 
diagnostic and pharmaceutical products. The manufacturing 
division is situated at Bridgend where they produce for the 
Home and Export markets. This is a new post in the Product 


Development Department and offers a good opportunity to join 
a reputable progressive company. 

Reporting to the Senior Allergen Development Chemist you will 
take responsibility for specific projects which will include 
characterisation of allergen products, definition of the 
processing conditions, purification and a variety of work 
connected with allergen development. 

Ideally we are seeking someone in their mid-twenties 


experienced beyond first degree level or completing post 
graduate work. Your experience should be in protein or 

enzyme chemistry involving a range of biochemical techniques. 
A knowledge of immunological applications would be _ 
advantageous in this specialised area of development. 

Working conditions are very pleasant and in addition to an- 









« 


Prolessional 
& Executive 








excellent negotiable starting salary, relocation expenses to this 
most attractive area are available. 
For further information please phone Pamela David on 


Swansea 43481 or 
write to PER, 

3rd Fioor 
Grove House, 

Grove Place, Swansea. 





MILES 





Grove House Grove Place Swansea SA1 5DHTel:079243481 
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Mathematician/ Physicist 
(or Meteorologist) — 


ENVIRONMENTAL PHYSICS RESEARCH 


The Environmental Physics Section, whose role at CERL is to study the physical, 
meteorological, and mathematical aspects of the dispersion and fate of pollution in the 
atmosphere, requires a mathematics or physics graduate, preferably with post-graduate 
experience, to undertake theoretical research on the effects of power station emissions 
upon climate. Of particular interest is the effect upon atmospheric temperature of carbon 
dioxide produced by fuel burning on a global scale and the eventual fate of this carbon 
dioxide in the atmosphere-ocean-biosphere system. 


itis proposed to carry out this work in parallel with current research on the effect of air 
pollution on crops, the transport and deposition of pollution in rain and snow over large 
distances, and the analysis of meteorological and chemical data from jong range aircraft 
flights. The successful candidate would be encouraged to interact with these projects 
whilst developing an informed position on all aspects of the carbon partitioning problem. 


He/she would be working within a group of theoretical and experimental scientists 
studying a range of pollution problems. Excellent small and large computing facilities are 
available together with the latest mobile remote sensing equipment and meteorological 


instrumentation. 


Candidates should have good honours degrees in mathematics or physics. Post-graduate 
study or employment experience in meteorology, fluid mechanics, or the environmental 
sciences would be an advantage, but we wauld also be interested to hear from more 
recently qualified graduates with an interest in entering the field. 


The Laboratories are situated in a pleasant part of Surrey and offer attractive conditions of 
service, and facilities for the total of 800 Research and Support Staff engaged in a broad 

spectrum of research into the materials. technologies, and plant performance problems of 
the Centra! Electricity Generating Board. 


The initial appointment will be made within the salary range of £4300 to £7900. There are 
internal career prospects for advancement to research ranges of up to £10,700 and most 


higher graded management positions 
currently under review. 


arè also filled from within. These salary ranges are 


- Application forms are obtainable from the Head of Personnel Development & Services 
Section, Central Electricity Research Laboratories, Kelvin Avenue, Leatherhead, Surrey 
KT22 7SE or telephone Leatherhead 74488 Ext 363. quoting reference number RL/5/DT. 
Closing date is: Friday 6 July 1979. 


2266(A) 


CENTRAL ELECTRICITY RESEARCH LABORATORIES 





THE UNIVERSITY 
OF LEEDS 
FOOD SCIENCE DEPARTMENT 


FOOD SCIENTIST 


A FOOD SCIENTIST is re- 
quired to work. in the Catering 
Research Unit of the above 
Department. The work, which is 
supported by the Department of 
Health and . Social Security, is 
connected with the application of 
the techniques of food science and 
technology to the large-scale feed- 
ing industry. Applicants should 
have a degree in Food Science/ 
Technology or in a related field. 
The appointment will be for a 
fixed term ending on September 
30, 1980. 

Starting salary at an appropriate 
point on the IB or IA scale for 
Research and Analogous Staff 
(£3,689 to £7,145 per 
under review), 

Further information can be 
obtained from Mr G. Glew, 
Catering Research Unit, 
Science Department, The Univer- 
sity, Leeds L52 9JT. 


Applications should be sub- 
mitted to -the Registrar, The 
University, Leeds LS2 9JT, no 


later than July 4, 1979, quoting 
reference: number 72/6/D. 
“2227(A) 
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UNIVERSITY OF 
STRATHCLYDE 
Applications are invited from 


Honours graduates in appropriate dis- 
ciplines for a 
LECTURESHIP 
IN FORENSIC BIOLOGY 
(SEROLOGY) 
in the FORENSIC SCIENCE UNIT 
in the DEPARTMENT OF PHAR- 
MACEUTICAL CHEMISTRY. 


The person appointed will be ex- 
pected to participate in postgraduate 
and undergraduate teaching, in re- 
search, and in consultancy work. 
Proven expertise in one or more of 
these areas is required and experience 
as a Biologist in a Forensic Science 
Laboratory would be a particular 
advantage. 

Salary scale from October 1, 1979 
£4,333 to £8,992 with placing accord- 
ing to qualifications and experience. 
Superannuation benefit. 


Application forms and further 
particulars (quoting 32/79) and en- 
closing a self-addressed envelope 
(Yin x 4in} may be obtained from the 
Academic Appointments Officer, Uni- 
versity of Strathclyde, Royal College 
Building, 204 George Street, Glasgow, 
Gi IXW with whom applications 
should -be lodged by July 2, 1979, 

rs 2206(A) 
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THAMES POLYTECHNIC 


SCHOOL OF MATERIALS SCIENCE 
AND PHYSICS 


DEPARTMENTAL 
SUPERINTENDENT GRADE 8 


Applications are invited for the post 
of Superintendent who will be respon- 
sible for about 15 technicians who 
provide a complete technical support 
service for materials science and 
physics laboratories, electronics and 


mechanical workshops. The School has 


a substantial commitment to post- 
graduate courses and research in 
studies of the preparation, structure 
and properties of a wide range of 
materials involving the use of tech- 
niques such as optical microscopy, 
electron microscopy, X-ray analysis, 
electron spin resonance, ultra-violet 
and infra-red spectroscopy. Candidates 
should have substantial relevant ex- 
perience and possess an appropriate 
H.N.D./H.LN.C. qualification. 


Salary scale: Technician Grade 8 
£5,448 to £5,901 inclusive. 


Further particulars and form of 
application may be obtained from the 
Staffing Officer, Thames Polytechnic, 
Wellington Street, London SEIR 6PF. 
to whom completed applications should 
be returned by July 3, 1979. 
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UNIVERSITY OF 
AUCKLAND 
New Zealand 

SCHOOL OF MEDICINE 


Applications are invited for the 
following vacant position, Conditions 
of Appointment and Method of Appli- 
cation are available from the Assistant 
Registrar {Academic Appointments), 
University of Auckland, or from the 
Association of Commonwealth Uni- 
versities (Appts), 36 Gordon Square, 
London WCIH OPF. Applications will 
be accepted at any time up to 
AUGUST 10, 1979. 

Commencing salaries within the 
appropriate scale will be established in 


accordance with qualifications and 
experience up to the following 
maximums: 

MEDICAL STAFF 


LECTURER 


Maximum NZ$17,335 per annum 

The Auckland Hospital Board may 
make provision for a Lecturer under- 
taking clinical responsibilities after 
normal working hours to be paid an 
appropriate compensatory payment. 


SENIOR LECTURER 


Maximum NZ$25,364 per annum 

Senior Lecturer may be paid an 
appropriate allowance for clinical 
responsibilities. 


ASSOCIATE PROFESSOR 


Basic NZ$27,000 per annum but in 
exceptional cases the Council may 
extend this to NZ$30,495 per annum. 


NON-MEDICAL STAFF 
LECTURER 


Maximum NZ$14,250 per annum 
SENIOR LECTURER 
Up to NZ$16,780 per annum but in 
exceptional cases the Council may 
extend this to NZS$18,300 per annum. 
ASSOCIATE PROFESSOR 
Basic NZ$21,200 per annum 
At present all salaries are supple- 
mented by a General Wage Order of 
NZ3$365 per annum. 


PHARMACOLOGY AND 
CLINICAL PHARMACOLOGY 


LECTURESHIP OR 
SENIOR LECTURESHIP 
(Medical or Non-Medical} 


An especially well qualified carn 
didate (non-medical) may be appointec 
at the level of Associate Professor 
Applicants should have a postgraduate 
medical degree or qualification and/or 
a Ph.D. degree in Pharmacology 
Clinical Pharmacology. Biochemistry 
or a related field and have prover 
ability to teach and conduet in 
dependent research. Preference will be 
given to those with training and ar 
active research interest in one of ths 
following areas: pharmacokinetics (drug 
disposition and metabolism); passage oi 
drugs across membranes; basic o 
applied autonomic, cardiovascular © 
respiratory pharmacology; basic © 
applied neurochemistry or neuro 
pharmacology; basic or applied pharma 
cology related to anaesthesia. Car 
didates for a Lectureship or Senio: 
Lectureship (medical) must hold : 
medical qualification registrable ts 
New Zealand. It is possible that i 
medically qualified appointee may have 
clinical responsibilities in relation te 
the Auckland Hospital Board. 

2255(A) 





LEGUME AGRONOMIST/ 
BACTERIOLOGIST 

To participate in international fiel 
experiments to assess yield respons 
of tropical legumes to inoculation wit) 
Rhizobium. Ph.D. in legume agror 
omy, physiology or  bacteriolog: 
required. Must be prepared to travè 
extensively and have previous fiel 
experience with tropical legumes, ane 
handling inoculants. Demonstrated 
ability tọ work on multi-disciplinar: 
team would be an advantage. Applica 
tions to: Dr Jake Haliday. NifTA® 
Project of Hawaii, PO Box “O”, Pais 
Hawaii 96779. 

The University of Hawaii is a: 
EEO/AA Employer. W 175(A) 
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Science Information 
Ware, Herts. 


The Company is responsible for R&D of new ethical pharma- 
ceuticals for the Glaxo Group. It is situated on two major sites at 
Greenford, Middlesex and Ware, Hertfordshire and employs about 
1,500 staff. 

We have an opportunity for an experienced information scientist 
to manage the Science Information and Library services to the whole 
Company. 

The job will be based at Ware, where there is a well developed 
science information unit. This provides current awareness, informa- 
tion retrieval and central data services. We intend to expand the 
Greenford unit to provide similar services. | 

There will also be responsibility for establishing Company archives 
to house raw data, scientific samples, and reports. An important task 
will be to develop and maintain contacts with other information 
centres in the Glaxo Group. 

Applicants must have extensive experience of information science 
gained at a senior level in a well established organisation. A biological 
background would be an advantage. He or she must also have a 
working knowledge of computerised information storage and retrieval 
techniques. It is unlikely that people below the age of 35 will have 
sufficient experience for this senior position. 

The post carries a competitive salary, fully commensurate with its 
attendant responsibilities, and a company car is provided. Other 
benefits include pension, profit sharing and productivity schemes and 
extensive sports facilities. Assistance with relocation will be given 
where appropriate. 

Please send your curriculum vitae, in confidence, to: lan Collins, 
Ph.D., Personnel Manager, Glaxo Group Research Ltd., Ware, 
Herts. SG12 ODJ. 2237(A) 


Group Research Ltd. 





SCHOOL OF MATHEMATICS 


Applications are invited for two 
Lectureships in the School of 
Mathematics, Trinity College, 
Dublin. These appointments arise 
as a result of a major new develop- 
ment in engineering education in 
the College. The persons appointed 
may be required to participate in 
this teaching programme, 









LECTURESHIP IN 
APPLIED MATHEMATICS 


Applications will be weicomed 
particularly from candidates with 
research interests in quantum feid 
theory and its applications; or in 
astrophysics and cosmology or in 
any appropriate related fields. 






































LECTURESHIP IN 
PURE MATHEMATICS 


Applications will be welcamed 
particularly from candidates with 
research interests in differential 
geometry; algebraic topology; 
numerical analysis or algebra, or 
in any appropriate related fields. 

Salary scale: £4,317 to £8,487 
per annum, 


Appointment to each of the 
& above posts may be made within 
-~ the range £4,317 to £5,492 per 
» annum, af a point commensurate 
-~ with the qualifications and experi- 
< ence of the successful candidates, 
There is a non-contributory pension 
scheme, 


Interested persons should, in the 
first instance, telephone the Staff 
Office, Trinity College on Dublin 
772941, ext. 167% or ext. 1775, or 
contact The Establishment Officer 
by Telex 5442 T.C.D. El 

The closing date for receipt of 
completed applications will be 
Tuesday, July 10, 1979. 

2254(A) 














GRIFFITH UNIVERSITY 
Brisbane, Australia 
SCHOOL OF SCIENCE 


M.R.C. CLINICAL RESEARCH CENTRE 







s en (Northwick Park Hospital) 
lia aa ieee as UNIVERSITY OF Watford Road, Harrow, Middx. HAI 3UJ 
AND SOCIETY NAIROBI—KENYA a , Bose 
Applications are invited from quali- Applications are invited for POSTDOCTORAL BIOCHEMIST 


„ed men and women for the senior | LECTURERS in the DEPARTMENT 
eeademic appointment in the arca of | OF CROP SCIENCE, 

cience technology and society (S.T.S.) Applicants should he holders of 
eithin the School of Science. The Ph.D with specialisation in either 
eappointee will have had extensive Agricultural Statistics, Weed Science, 
raining and research experience in | Plant Breeding or Plant Physiology. 
ame or more aspects of the interaction | Experience in teaching and research 
W science with society. Applications | is essential. Holders of an MSc with 
vom persons with interests in the experience may be considered, The 
O@ilects of technological change and/or appointee should participate in teach 
hnology and underdevelopment ing undergraduate and postgraduate 
‘ould be particularly welcome. Under- | courses as well as research activities. 
duate students in the School are | Salary scale: Lecturer K£2016 to 1984 
uired to study $.T.S. for a quarter per annum (Kil = £1.18 sterling). The 
their time in the first year and British Government may supplement 
ional courses are available in the | Salaries in range £4,278 to 4,818 per 
er years. A coursework M.Sc. pro- | annum (sterling) for married ap 






The Division of Immunochemical Genetics require a 
Postdoctoral Biochemist, preferably with experience in 
enzymology and protein chemistry for investigations of the 
glycosyltransferase of human blood group genes. This is a 
limited term appointment for four or five years. Depending 
on age and experience salary within the range £5,631 to 
£8,256 inclusive London Allowance. 

Application form and further details may be obtained from 
Mrs J. Tucker-Bull. Please quote Ref. 134/1/4223. Closing 
date July 14, 1979. 2223(A) 























mme has taken its third cohort of Se ae a dina) pea 
dents. The ; intee wi res ie annum (sterlin @ appoi š ea ; ; 
f erable responsibilities fy gee SA ale eyed and on Palate UNIVERSITY OF READING 
5 hay ie x ia rom tax} an provide childrens tr i : 
E le wines a E anim education allowances and holiday visit PROFESSORSHIP OF HORTICULTURE 


velopment of S.T.S. within the cena eae ee PEAN 
hool. A Science Policy Research | Passages. Family passages; SSSF or 
ntre (S.P.R.C.) has been established | FSSU: non-contributory medical 


Applications are invited for the Professorship of Horticulture 


d the appointee will assume the | scheme; subsidized | housing) house within the Department of Agriculture and Horticulture. 
ee a a aE ts Ge conten) iach carteulun The Professor will be primarily responsible within the 
27916. The University. meets the | Vitae and naming 3 referees to be sent Department for the courses and research in Horticulture, and 
st of reasonable removal expenses. Fania Le ae Pea oo should be prepared to foster these within the larger area 
renti afat i f i ; » P.O. a y 5 e O ; : ' ; hie 5 
i Applications close on August 20, | pax 30197, Nairobi, Kenya by July 30, covered by the Department of Agriculture and Horticulture. 
“Intending applicants should obtain | 1979. Applicants resident in ihe e The appointment will be made from a date to be arranged 
plication procedure and further in- | Should also send M T o with the successful candidate. 
mation from the Association of | University Council, 90/91 Tottenham arth : : a aa trar T 
| : Se, k Court Road, London, WIP ODT. Further information may be obtained from the Registrar- f 
mmonwealth Universities (Appts). : ae ; A - i ee E oa E 
Gordon Square, London WCIH ae details may be ome a n (Room 214, Whiteknights House), The University, White- q- 
F. i OE D aA) knights, Reading RG6 2AH, by whom applications should. be 
The University reserves the right to received not later than August 31, 1979. 2205(¢A) 


wake a fixed-term appointment. 
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Csr AU STRALIA 


Postdoctoral Research 
- Fellow 


Division of Building Research 
Highett, Victoria 


CSIRO has a broad charter for research into primary and secondary 
industry areas. The Organization has approximately 7,000 
employees 2,400 of whom are research and professional scientists- 
located in Divisions and Sections throughout Australia. 


FIELD: Planning and Management Studies. 


GENERAL: The research programme of the Division includes 
research on planning, forecasting and technology assessment in 
the building industry as part of a more general programme of 
studies of the building industry and building development, 
utilizing systems and operations research techniques. 


DUTIES : Carry out studies of building development and the 
building industry including technology assessment, industry 
stability studies and demand forecasting. Develop techniques to 
aid in planning, management and stabilization in the bulding 
industry. 


QUALIFICATIONS: A PhD degree or equivalent in a relevant 
discipline together with demonstrable research ability. Applicants 
should preferably have an ability in mathematics, economics and or 
computing techniques together with experience appropriate to the 
duties above. 


SALARY : Research Scientist/Senior Research Scientist: $A15422- 
$A22405 pa. 


TENURE: Term of 2 to 5 years. 


Applications IN DUPLICATE, stating full pesonal and professional 
details, the names and addresses of at least two professional 
referees, and QUOTING REFERENCE NUMBER 390/613 should 
reach :-— 


The Personne! Officer, Australian Scientific Liaison Office, Canberra 
House, 10-16 Maltravers Street, London WC2R 3EH, by 
20th July 1979. 


Applications in U.S.A. and Canada should be sent to :—-The 
Counsellor Scientific, Embassy of Australia, 1601 Massachusetts 
Avenue, N.W., Washington, D.C., 20036, U.S.A. 2244(A) 






































MERSEYSIDE COUNTY MUSEUMS 


ASSISTANT 
KEEPERS 


(FOUR POSTS) 


(A) BOTANY 
(B) INVERTEBRATE ZOOLOGY 
(C)SOCIAL AND INDUSTRIAL HISTORY 
(D) ETHNOLOGY | 
(£3,732 to £4,632 per annum, inc. supplement) 
(Salary award pending) 


Applicants for these posts, which are based at the County 
Museums, Liverpool, should possess a degree in an appropriate 
subject and/or the Museum Association Diploma. Experience 
of museum work or work in an associated field is desirable. 


Candidates for posts (A) and (B) should have an interest in 
systematics and natural history, and for post (C) in military 
and social history, land transport or industrial archaeology. 
A knowledge of industrial culture and social anthropology with 
special interest in one geographical area is necessary for 
post (D). : 

Applications, giving details of experience and full curriculum 
vitae, should reach the Director, Merseyside County Museums, 
William Brown Street, Liverpool L3 REN, by June 27, 1979. 
Tel: 051-207 0001. 2256(A) 





UNIVERSITY OF DUBLIN 


Tranaty College 


ay 


—" 


LECTURESHIP 
IN CHEMISTRY 


Applications are invited for the 
above post in the Department of 
Chemistry, Trinity College, Dublin, 
tenable from September 1, 1979, or 
as soon as possible thereafter. This 
vacancy has arisen as a result of 
government-sponsored TOPE ET 
in engineering. 


Current developments in “the de- 
partment include the setting up of 
studies of photoemission from 
adsorbates, and applicants with re- 
search interests in surface science 
or other related areas will be 
particularly welcome, but applica- 
tions from candidates with interests 
related to any of the departmental 
fields of research will be carefully 
considered, 


Salary scale: 
per annum. 

Appointment may be made 
within the range £4,317 to £5,492 
per annum, at a point com- 
mensurate with the qualifications 
and experience of the successful 
candidate. There is a  non-con- 
tributory pension scheme. 


Interested persons should, in the 
first instance, telephone the Staff 
Office, Trinity College, on Dublin 
772941, ext. 1678 or ext. 1775, or 
contact the Establishment Officer 
by Telex 5442 T.C.D. El. 


The closing date for receipt of 
completed applications will be 
Friday, July 27, 1979. 22521 A) 


£4,317 to £8,487 





UNIVERSITY OF BRISTOL 
LONG ASHTON 
RESEARCH STATION 


PLANT BREEDER 


Required to be responsible in a 
small team for day-to-day organisation 
of an expanding strawberry breeding 
programme, 

This will include the selection and 
breeding of improved varieties jn- 
volving field trials at and beyond Long 
Ashton, investigating crop production 
methods, and disseminating informa- 
tion to advisers, growers and industry. 

The work will also include some 
aspects of the Station's mutation 
breeding project on top and soft fruit 
plants and woody ornamentals. 

Appointment in the Higher Scienti- 
fic Officer (£4,101 to £5,448) or 
Senior Scientific Officer (£5,154 to 
£6,898) grade, salaries under review. 
Starting salary according to qualifica- 
tions and experience. Non-contributory 
superannuation scheme. 

Minimum quatifications: 2(1) Honours 
degree or equivalent in a botanical or 
horticultural subject, with at least two 
years’ relevant post-qualifving experi- 
ence. Applicants should have experi- 
ence in plant breeding or biochemical / 
genetic techniques with a Ph.D. pre- 
ferred, 

Further particulars and application 
forms from the Secretary, Long 
Ashton Research Station, Bristol 
BSi8 SAF, to whom applications 
should be sent by July 13, 1979. 

2240( A) 





DEPARTMENT OF BIOCHEMISTRY 
UNIVERSITY OF 
NOTTINGHAM 
Queen's Medical Centre 
_ Nottingham NG7 2UH 
POSTDOCTORAL 
RESEARCH ASSISTANT 


_An M.R.C, financed position is 


available for three years from October 


1. 1979 to work on “The Mechanism 
of Protein Degradation: studies on 


adipose. tissue” A knowledge of 
protein chemistry, protein turnover or 
immunochenmistry would be advan- 
tageous. 


Starting salary £4,232 per annem. 
Candidates should write to Dr R. J. 
Mayer at the above address. 
ZITMA) 


CYCLOTRON UNIT 
MEDICAL RESEARCH 
COUNCIL 
requires a physiologist or biologi 
investigate aspects of late radi 
damage to normal tissues. The 
is part of an extensive programm 


research into the relative effect 
X-rays and fast neutrons on no 


tissues and tumours at both 
clinical and experimental level, 
special concern are effects on 


nervous system and vascular dai 
and it will be an advantage if 
candidate has some previous experi 
working with either of these 
tissues, 

The post is for 3 years. Mini 
qualifications are a good = hor 
degree and a Ph.D or equivalent 
relevant subject. 

Salary, according to age and 
perience, in the range £5,550 
£7,129 (inclusive of London We 
ing), plus 6 weeks annual leave. 

Please write, giving qualifica 
and curriculum vitae, to: Miss A 
Pires, M.R.C. Cyclotron Unit, F 


mersmith Hospital, Ducane R 
London, WIZ OHS. Tel: 01-743 « 
ext. 103. 2232¢ 





POSITION AVAILABLE 
APICULTURE 
UNIVERSITY OF 
GUELPH 

The Department of Environm 
Biology, University of Guelph, 
been authorised to recruit a fax 
member to have major responsit 
for international programs 
Apiculture, 

The position will be probatio 
at the Assistant or Associate Profi 
level on a tenure track. 

Responsibilities of the position 
include the following: 

Direction of ongoing projects 

Apiculture in developing count 

Development of new projects in 

veloping countries and expansio: 

existing ones to improve 

Apiculture. 

Training of students from devi 

ing countries. 

Participation in the 

research programs of 

ment, 

It is. envisaged that the pos 
will be about 75% international 
volvement (450% directing projects 
25% student training). 
Qualifications 

A Ph.D. or equivalent and field 
research experience in Apicuh 
Willingness to travel extensively 
work in developing countries. 

Salary will be commensurate 
experience. The minimum salary 
the Assistant Professor rank 
$18,236, and for the Associate 
fessor rank $23,085, 

Contingent upon the availabilit 
funds, the position will be avail 
January 1, 1980, 

Applications should include a i 
plete resumé and the names of t 
referees and should be = sent 
Chairman, Department of Env 
mental Biology, University of Gut 


teaching 
the De 


Guelph, Ontario. Canada NIG 2 
Closing date: September 1, 1979 
W 1746, 


UNIVERSITY OF 


STRATHCLYDE 
APPLIED GEOLOGY 
TECHNICIAN GRADE 


required to undertake duties invol 
the operation and maintenance 
atomic absorption spectropt 
meters. Candidates with other chen 
laboratory experience will be 
sidered as training will be gi 
Applicants should hold an H.N.C 
equivalent qualification, 

Salary Scale (incuding all suj 
ments): £3,474 to £4,056 per anne 

Applications in writing. que 
reference GL.24, giving details of 
experience and qualifications, shi 
be made to The Personnel Off 
University of Strathclyde, Royal 
lege Building, “iad George St 
Glasgow GI IXW 2199(2 
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THE UNIVERSITY OF 
WESTERN AUSTRALIA 
Perth | 
SENIOR LECTURESHIP 
IN MATHEMATICS 


Applications are invited for appoint- 
ment as Senior Lecturer in the De- 
partment of Mathematics. The position 
is available from January 1, 1980, and 
the appointee will be expected to 
assume duty sot later than June and 
preferably before March 1, 1980. 
Candidates should state in their appli- 
gations the earliest date in 1980 on 
which they would be able to take up 
duty, if appointed. 

Applications will be considered from 
persons with interests in thy: general 
area Of probability and statistics, but 
some preference may be given to can- 
didates with expertise and experience 
in applied statistics and consulting. If 
possible, the position will be filled at 
the level of Senior Lecturer, but a 
sufficiently well qualified and experi- 
enced candidate may be considered for 
appointment as Associate Professor. 

The Department is responsible ‘for 
courses in pure mathematics, appl'ed 
mathematics and mathematical statistics 
up to Honours level, and postgraduate 
degrees may be taken in any of these 
areas. Further information concerning 
the Department and the research in- 
fterests of its present staff may be 
obtained from the Chairman, Professor 
A. L. Blakers. Information concerning 
the statistical work of the Department, 
including statistical consulting and its 
possible development, may be obtained 
From Professor T. P. Speed. 

The current salary ranges are: 
Senior Lecturer $A21,180 to $A24,687 
er annum; Associate Professor 
SA27,916 per annum. Benefits include 
superannuation similar to ESSU., 
Wares to Perth for appointee and de- 
pendent family, removal allowance, 
study leave and long service leave and 
housing loan scheme. 

Applications in duplicate stating full 
gersonal particulars, qualifications and 
experience should reach the Acting 
Staffing Officer, University of Western 
Australia, Nedlands, Western Australia 
8009, by August 18, 1979. Candidates 
should request three referees to write 
ammediately to the Acting Staffing 
Dicer, 2262(A) 





MEDICAL 


RESEARCH COUNCIL 
PNEUMOCONIOSIS UNIT 


Liandough Hospital, Penarth 
South Glamorgan CF6 1XW 


Applications are invited 
for a 


Consultant grade post 
in 
RESPIRATORY MEDICINE 


@ carry out research into the cause, 
agnosis, prevention and treatment of 
on-infectious extrinsic lung disease. 
“he work includes the direction of a 
“ell staffed and equipped respiratory 
ganction research laboratory as well 
B the care of in and out patients at 
dandough Hospital. 

The successful applicant will be 
expected to pursue his or her own 
esearch as well as collaborate in 
erojects involving other sections of the 
anit. 

Applicants should be qualified to 
sold a consultant post in respiratory 
medicine and have special experience 
3 the laboratory investigation of res- 
ratory function. The successful appli- 
ant will be offered an unlimited 
appointment to the Council's clinical 
af, Terms of employment will be 
ose normal for M.R.C. clinical staff 
“ith honorary consultant sessions in 
ae National Health Service. Salary 
- present is £9,528 to £12,084 and 
sempulsory pension scheme. 
Applicants should contact the 
AMrector, M.R.C. Pneumoconiosis 
nit, from whom further information 
md an application form may he 
Otained, Closing date: August 1, 
79, 2203(A) 


JTICAL RESEARCH LABORATORIES 
tralian Department of Defence 


perin 


Au 








Salary: 


$Aust. 34,066 (at present exchange rate 


£1 = $A1.85). 
Location: 


Melbourne, Australia. 


Duties: 

in accordance with approved policies, 

undertake the management and 

scientific direction of the activities of the 

Aeronautical Research Laboratories. 

in particular: 

@ Direct the implementation of the 
approved research and development 
programme, continuously review the 
programme and advise on any 
changes considered necessary. 

@initiate and develop proposals for new 
items and/or activities for inclusion 
in the programme. 

@Accept responsibility as allocated for 
the scientific direction of major 
projects including extra mural 
activities. 

@ Provide an advisory, consultative, 
standards and calibration service to 
the defence services, Australian and 
State Government departments and 
instrumentalities and industry, and 
‘direct the conduct of research and 
investigations in support of this 
service. | 
Represent the Defence Science 
and Technology Organisation on 


ndent 


Qualifications: 


A degree in science or engineering 
combined with long experience in 
research and development. The position 
requires a person who has proven 
ability to manage scientific laboratories 
and to evolve research programmes to 
match defence needs. 

The Aeronautical Research Laboratories 
are located at Fishermen's Bend, a 
suburb of Melbourne, the capital city 
of the State of Victoria. 

Conditions of permanent appointment 
for the successful applicant and family 
include first class air travel to Australia, 
assistance with removal expenses and 
temporary rental assistance on arrival in 
Australia. Conditions of service include 
four weeks annual leave and 
accumulating sick leave benefits as well 
as a comprehensive superannuation 
scheme. 

Detailed information relating to these 
conditions may be obtained from the 
Office of the Public Service Board 
Representative, Australia House, Strand, 





London WC2 (Telephone: 01-438 8448). 


Further information regarding this 
position can be obtained from Professor 
P T Fink, Chief Defence Scientist, 
Department of Defence, Russell Offices, 
Canberra A C T, Australia 2600. 
Applications detailing professional 
qualifications and experience should be 
forwarded to the Chief Defence 


Scientist by 37 July 1979. 2213(A) 


xix 





of ay N 
SR DAHA 


THE UNIVERSITY OF 
LIVERPOOL 
Walter Myers Chair of 
Parasitology 


Applications are invited for the 
Walter Myers Chair of Parasitology, a 
full-time Chair in the Liverpool School 
of Tropical Medicine. The appoint- 
ment will be made either as a clinical 
appointment, in the case of the 
successful candidate having a regis- 
trable medical qualification, or as a 
non-clinical appointment. 


The salary will be up to £12,084 
per annum (under review) in the case 
of a clinical appointment, or not less 
than £11,484 per annum {non-clinical 
appointment}. 


Applications (15 copies}, 
with the names of three referees, 
should be received not later than 
July 30, 1979 by the undersigned from 
whom further particulars may be 
obtained. (Candidates overseas may 
send only one copy by airmail.) Quote 
Ref RV/657/N. H. H. Burchnall, 
Registrar. The University, P.O. Box 
147, Liverpool, L69 3BX. 

2226(A} 
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University College Hospital 
Medical School 


Applications are invited for the post of 


Senior Lecturer 


in Oral Microbiology (non-clinical) within the Dental School. 
The duties include teaching oral microbiology and assisting 
in the teaching of general microbiology to dental students. 
The successful applicant will be expected to conduct research. 
particularly on the bacteriology of periodontal disease and the 
metabolic activities of plaque organisms in dental caries. 


Applications, with the names of two referees, to the Dean of 
Dental Studies, University College Hospital Dental School, 
Mortimer Market, London WC1E 6JD, within three weeks of 
the date of this advertisement. 2220(A) 
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LEICESTER POLYTECHNIC 
SCHOOL OF CHEMISTRY 

Applications are invited for fow 
posts to study for C.N.A.A. PRI 
degrees in a small, well motivated an 
friendly department in which twent 
research students are  investigatin 
problems in six main areas. Thet 
posts arè renewable for a maximu 


á r'a Taipi ge . i i A ae T 4 Pa of three years, 
mim tli ek ft] A eE a l Post No. 1 


POLYMER AND 
ADHESION SCIENCE 


is | L i Ee l C > The object is to elucidate tł 
i e. f a a TE pi F i E mechanisms by which water affec 


the durability of epoxide-meti 


XX 








A new intense source of pulsed neutron beams, the spallation : ai adhesive joints. The programme, whic 
neutron source, is being built at the Rutherford Laboratory for use in a ba ee E Er pope 
research programmes of UK universities and polytechnics, A F Comyn and Dr Derek. Brewis. 
substantial number of neutron scattering instruments will þe a Post No. 2 
provided based on the time-of-flight method and outline designs have ELECTROCHEMICAL 
already been completed for the first seven. A wide range of equipment a OXIDATIONS OF 


and techniques is involved; for example, position sensitive detectors 


for epithermal neutrons; high resolution choppers; sample ORGANIC COMPOUNDS 


It is hoped to replace such oxidisir 










environments controlling Se pepe eee aro adalah pressure, k agents as permanganate and dichr 
magnetic field; neutron guides; neutron polarisation systems. mate, which cause severe effjue: 
: There are vacancies ee support staff te panara in me P astries, oye jectrochemic or 
development and provision of this equipment in the Neutron beam grown metal oxide films and poroi 
Research Programme, which is expanding to meet the requirements a se prog armen. is supe 
for efficient utilisation of the SNS. When fully operational, in the Ralf Dahm. 
1980’s, the SNS will be a world class facility serving a very widely Post No. 3 
based scientific community. As part of their development activities SOLID STATE 
those appointed will have opportunities to work with research ELECTROCHEMISTRY 
scientists using instruments at Harwell and the Institut Laue- | The aim is to study fundament 
y h tained aspects, especially of the interfac 
Langevin, Grenoble. In addition, close collaboration 1s main | nn ae cst of a ce 
with laboratories in the USA and elsewhere where spallation sources copper and other novel batte: 
are being built. Applications should have HNC or HND and relevant a e eE i 
experience or degree in physics or applied physics. Some experience in ; Post No. 4 
fields such as electronics, high vacuum, or cryogenics would be an SOLD STATE 
advantage. Appointments will be made to permanent positions in the a 
Science Group at the level of Scientific Officer or Higher Scientific = ATTERY n 
Officer. Salary scales (at present under review). | solid state battery. ae rigors a 
Scientific Officer £3,037-£4,724. Pasa ieee oh Ur ae 
Higher Scientific Officer £4,388-£5,820. : Linford. E ain 
Please apply to | £2,673 per anit plus annual iner 
Jane Griffiths in the Personnel Group ments, including six hours/week 


A l : demonstrating/teaching. These a 

on Abingdon (0235) 21900 Ext. 510 or L.E.A. Research Assistantships. 
write to her quoting Reference No. VN. 818. = Salary for post 4: | 
Closing date for applications, July 6th 1979. eee cece, Studentship -provided _” 


Mallory Batteries (U.K.) Lid., prese 
value £2,150 per annum tax free. 
Application forms and  furth 
details from the Staffing Office 
Leicester Polytechnic, P.O. Box H 
Leicester LET SBH; informal enquiri 
to Roger Linford, Reader in Chemist 
(0533 80181, extn. 2202). 2201{P) 


RUTHERFORD 
nce Research Council 


Scie 
ca Rutherford Laboratory, Chilton, Didcot, 
Oxfordshire OXI] OQX. Tel Abingdon 21900 








THE ROYAL 
VETERINARY COLLEGE 





2265(A) University of London 
Division of Preclinical Studie 
DEPARTMENT OF PHYSIOLOG 
; MANCHESTER POLYTECHNIC LONDON SCHOOL OF POSTDOCTORAL 
John. Dalton Faculty of Technology : gages RESEARCH ASSISTANT 
; z TMENT OF HYGIENE AND TROPICAL ve iach ie 
E. $ pplications are invited for t 
HEAD OF DEPAR ; MEDICINE above post which is expected to h 
BIOLOGICAL SCIENCES (GRADE VI) (University of London) | fee ge epee, 
. ; . i ’ VECO @ i „QNIN 
3 TIR . Keppel Street, WCi 7HT | for a project on fhe interacti 
Saran e a and Nave || - DEPARTMENT OF MEDICAL | between a 
res /industrial experience. | í E urotrans s s 
anO OR ae oat ee í Sri sa bilit 3 MICROBIOLOGY l under the direction of Dr Das 
Qualities of academic leadership and administrative ability A MEDICAL LABORATORY | Lodge. 
are essential. SCIENTIFIC OFFICER Applicants should have oe 
R , ; ; Š ae i icro-electr i 
The Department operates high level courses in B.Sc. /B.Sc. is required to work up to one year MGA be techninis, : 
Hons. Biological Sciences, H.N.D. Applied Biology, M T BIE on the viruses of African haemorrhagic should contact Professor M. G. ] 
: ‘ Howship i i iences, an | fevers. Candidates must be graduate Jukes, Head of Department, or (aft 
H.N.C. and Fellowship in Medical a E or hold HNC/HND or an equivalent | JD 12) De Da ae. Seal 
Biology in the BSc. / B.Sc. Hons. | Omme UGIES Gegree, qualification and have had experiente | Lecturer, as soon as possible. 
and co-operates actively with other Faculties and Departments | | in “electron microscopy. Inclusive Salary £4,858 to £5,342 per annu 
on a variety of courses. salary, depending on experience, rises | i. ciiding London Allowance accor 
, i . to a maximum of £4,284 (under : $ $ ates 
ect: P ae To ing to qualifications and experieni 
Salary scale: £9,345 to £10,305. . review) Peai onanie craplej iments: AD Sunerannuailon uaderohe Univeidiil 
‘ i enh = ; ications, consisting o 
For further particulars and sa are sae Seed cer es De oa dea wed naming two ja a ere re ee 
July 31, 1979) please send a self-addressed envelope marke referees, should be sent to Secretary | | Application fort m the Assi 
pcr E : : " ‘ tar Personnel, The Ro 
“T7477” to the Secretary, Manchester Polytechnic, All Saints, (Al) at the School, 2238(A) Sad at € College” Rori cole 
2212(A) | Street, London NWI OTU, Telephor 


Aane e 15 6BH. 
jini M15 2 01-387 2898. 2194(A) 


Nature Vol. 279 21 June 1979 


















gastric secretion. 


Please apply to: 










Wyeth Laboratories, 


UNIVERSITY OF MAINE 


AT ORONO 
DEPARTMENT OF ZOOLOGY 


ASSISTANT PROFESSOR 
“VERTEBRATE ECOLOGIST 


Position to begin September 1, 1979, 
Salary $13,000. Ph.D. required, Antici- 
vated teaching responsibilities: part of 
oadergraduate vertebrate biology 
Burne, alternate year avian biology 
4d mammalogy, and graduate level 
sommunity ecology. Conduct research 
a community ecology, with emphasis 
a birds and/or mammals. 
~ Send credentials, reprints, and three 
ters of reference to: Dr Franklin L. 
oberts, Chairman, Department of 
soology, University of Maine, Orono, 
aine 04469. Deadline for receipt of 
plications May 20, 1979. 

An Affirmative Action / Equal 
Spportunity Employer. WITECA) 





UNIVERSITY OF 
HAMBURG 
INSTITUT FOR 

PHYSIOLOGISCHE CHEMIE 
ABTEILUNG ZELLBIOCHEMIE 
opplications are invited for the post 

of 
MSTDOCTORAL RESEARCH 


the 





Wyeth Institute 
of Medical Research 


Gastroenterology 


We are seeking to appoint a graduate physiologist 
or pharmacologist with two or more years 
experience of research on drugs which affect 


This post could be suitable for someone completing 
a second degree. The successful applicant will 
join an existing team which is committed to the 
discovery and development of new treatments for 
peptic ulcers. We are looking for someone who 
will be able to make an immediate contribution to 
the work ofthe section. 


Mrs, J. Andrews, Personnel Officer, 


Huntercombe Lane South, Taplow, 
Maidenhead, Berks. Tel. Slough 28311. we 


Wyeth Laboratories 





= 


2258(A} 


ODENSE UNIVERSITY 
DENMARK 


A new position as Professor in 


enmare orm 


Photosynthesis has been created in the 


Institute of Biochemistry, and is 
available for occupation as soon as 
possible. 

it is desired to appoint a person 
whose research activities are ex- 
perimental investigations of the 
functions of the photosynthetic 
membrane systems in eukaryotes and/ 
er prokaryotes. A part of the current 
research in the Institute is concerned 
with electron transport in respiratory 
and photosynthetic systems, and the 
Institute is well equipped with special 
apparatus for this type of work. 

The successful applicant will be 
expected to participate in the teaching 
programme of the Institute, which 
includes elementary courses common 
to science and medical students, ad- 
vanced courses for science students 
and supervision of advanced project 
work. 


Further information is obtainable 
from Institute of Biochemistry, 
Odense University, . telephone (09) 


1§ 86 OO, ext. 2441. 

The application should contain in- 
formation about the candidate's 
teaching experience. Tt is expected that 
the successful applicant will eventually 
be able to teach in Wanish. 

The employment feld covers the 
Ministry of Education and the inme 
stitutions under it. The wage frame is 
37, and the salary amounts to Danish 
Kroner 230.820,24 a year inclusive of 
bonuses as per the October i, 1978. 

A- professional selection committee 
will discuss the applications and their 
recommendation will be. sent out to 
ali applicants in its complete form. 

Application. in 5 copies, marked 
“Position No. 748°" enclosing cur 
riculum vitae and documentation for 
professional and paedagogival activi- 
ties must be made to the Queen and 
sent together with all enclosures also 
in § copies to: Journalkontoret, 
Odense University, Campusve} 34, DK 
3730 Odense M, Denmark, so that we 
will receive it by October I 1979 at 
the latest. WIT3CA) 





LAGNO INE HERG INRA MRRP NNT 





das Department 


erwartet Sie 


Fur 











Entzundungspharmakologie 


unserer Pharma Forschung suchen wir einen 


Mediziner/Medizinerin 


oder 


m - a aa 
Biologen/Biologin 
als Leiter einer wissenschaftlichen Arbeitsgruppe. 


Wir gehen davon aus, daß sich aus den Erkenntnissen 

der immunbiologischen Grundlagenforschung Impulse 

zur Therapie bisher unzulanglich behandelbarer 
Erkrankungen ergeben werden. 


Wir wünschen uns einen Mitarbeiter, der aufgrund 
seiner mehrjährigen experimentellen Erfahrung in der 
Lage ist, sich an dieser Grundlagenforschung zu 
beteiligen. Der Schwerpunkt seiner wissenschaftlichen 
Arbeiten wird auf dem Gebiet der Immunologie und 
Molekularbiologie liegen; dort wird die Basis fur eine 
spätere Etablierung von Modellen zur Wirkstoff- 
findung gelegt. 
Wenn Sie an dieser Aufgabenstellung interessiert sind, 
bewerben Sie sich bitte schriftlich mit den üblichen 
Unterlagen oder rufen Sie uns. an (Tel. : 030/468 28 53 
oder 468 29 22). 
SCHERING AKTIENGESELLSCHAFT 


Personalabteilung Berlin 
Mullerstrabe 170-178, 1000 Berlin 65 


SCHERING AG 


W172{A) 








CHARING CROSS HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

GRADUATE RESEARCH 
ASSISTANT 
(Biochemistry /Cell Biology} 
Applications are invited for the 
above post in the Department of 

Experimental Pathology to assist in a 

two-year project on callagen synthesis 

in experimental renal fibrosis. The 
starting salary will be £3,689 pus 
£502 London Weighting. Further 

details may be obtained from Dr M. 

er telephone (1-748 2040 ext. 


Applications on forms obtainable 
from The Secretary, © 
Hospital Medical School, The Reynolds 
Building, St. Dunstan's Road, London, 
W6 SRP to be submitted by July 6, 
1978. (Ref: 013/4} 2229( A) 


Charing Cross | 


HERPETOLOGIST 
HARVARD UNIVERSITY 
seeks to make a tenire-track appoints 
ment in herpetology of an assistant or 
associate professor in The Department 
of Biology who will serve conjointly 
as an assistant or associate curator in 
The Museurn of Comparative Zoology. 
Preference will be given to candidates 
with (1) a strong research program in 
herpetology, (2) ability to offer instruc 
tion at the undergraduate and graduate 
levels, and (3) commitment to super 
vise amt enhance a major herpeto- 
logical collection. The closing date for 
receipt. of applications is October 15, 
1979, and the appointment will take 
effect July 1, 1980. Applicants should 
send a curriculum vitae, statement of 
research interests, and names of three 
references to: Herpetology - Search 
Committee, Office of the Chairman, 
Department of Biology, Harvard Unb 
versity, Cambridge, Massachusetts 
81138. Harvard is an Equal Oppor- 
tunity/Affirmative Action Employer. 
W ITGA) 
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FIELD : Salinity Research. 


or equivalent qualifications. 


$A14829-$A21543 pa. 


reach = 


20th July 1979. 





Postdoctoral Research Fellow 


Division of Horticultural Research 
Adelaide 


CSIRO has á broad charter for research into primary and. 
secondary industry areas. The Organization has approximately 
7,000 employees 2,400 of whom are research and professional — 
scientists—located in Divisions and Sections throughout Australia. 


GENERAL: The Division is concerned with research on a range of 
perennial horticultural plants (deciduous and evergreen) from both 
temperate and subtropical regions. Current programmes include 
studies on the management and genetic.improvement of 
grapevines and fruit trees and of plant viruses and plant parasitic 
nematodes. Research in plant physiology, biochemistry and cytology 
relates to photosynthesis, salinity and plant and fruit development. 
LOCATION: The Division has laboratories at Adelaide, South 
Australia (Headquarters) ; and Merbein, Victoria. The appointee 
will be located at the Merbein laboratory. 

DUTIES: To develop and select salt tolerant crop plants in 
collaboration with plant physiologists. Experimentation would 
involve annuals as well as perennial horticulture species. 


QUALIFICATIONS: A Ph.D. degree in plant breeding and genetics, 
SALARY : Research Scientists or Senior Research Scientist: 


TENURE: 3 years. Superannuation available. 


Applications in DUPLICATE, stating full personal and professional 
details, the names and addresses of at least two professional 
referees, and QUOTING REFERENCE NUMBER 491/052 should 


The Personnel Officer, Australian Scientific Liaison Office, 
Canberra House, 10-16 Maltravers Street, London WC2R 3EH, by 


Applications in U.S.A. and Canada should be sent to :—The 
Counsellor Scientific, Embassy of Australia, 1601 Massachusetts 
Avenue, N.W., Washington, D.C., 20036, U.S.A. 





AUSTRALIA 
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THE MIDDLESEX HOSPITAL 
MEDICAL SCHOOL 


(University of London) 
SUB-DEPARTMENT OF 
MOLECULAR BIOPHYSICS 
DEPARTMENT OF 
NUCLEAR MEDICINE 
W.H.O. Collaborating Centre 
for : 

Research and Reference Services 
in the 
Immunoassay of Hormones 
in Human Reproduction 
Applications are invited from 


BIOCHEMISTS 


experienced in radioimmunoassay and 
related techniques for a vacant post in 
the Supraregional Assay Service Lab- 
oratory. The successful applicant will 
be primarily responsible, in collabora- 
tion with a senior endocrinologist, for 
the day-to-day running of the routine 
radioimmunoassay laboratory. He/she 
will, in addition, play a principal role 
in the development of new immuno- 
assay techniques and the application 
of new and conventional method- 
Ologies for the assay of hormones and 
other substances of biological 
importance. 

The appointment will be governed 
by University Conditions and Terms of 
Service, with starting salary at an 
appropriate point on the Lecturer 
Scale, £4,761. to £8,424 per annum, 
inclusive of £562 per annum. London 
Allowance. 

Applications, including a curriculum 
vitae and the names and addresses of 
two referees, to Professor R. P, Ekins, 
Department of Nuclear Medicine, The 
Middlesex Hospital Medical School, 
WIN BAA. 2195(A) 


UNIVERSITY OF 
LIVERPOOL 


Department of Organic Chemistry 


TECHNICIAN 


to assist with work concerning fungal 
biosynthesis. A major interest in 
microbiological techniques is preferable 
and knowledge of chemistry advantage- 
ous. Candidates must possess O.N.C. 
or. equivalent. as minimum qualifica- 
tion, but applications from candidates 
holding H.N.C. or degree with some 
previous laboratory experience will be 
welcomed. 

Initial salary within a range up to 
£3,708 per annum according to 


qualifications and experience. Appli- 
cation forms available from tbe 
Registrar, The University, P.O. Box 


147, Liverpool L69 3BX. Quote Ref: 
RV/654/N. 2224(A) 


THE UNIVERSITY OF 
LIVERPOOL 
Selwyn Lloyd Chair of 
Medical Entomology 
Applications are invited for the 
Selwyn Lloyd Chair of Medical 
Entomology, a full-time Chair held 
in the Liverpool School of Tropical 
Medicine. The appointment will be 
made as a non-clinical appointment. 
The salary will be not less than 
£11,484 per annum, 
_ Applications {15 copies), 
with the names of three referees, 
should be received not later than 
July 26, 1979 by the undersigned from 
whom further particulars may be 
obtained. (Candidates overseas may 
send only one copy by airmail.) Quote 
Ref RV/659/N. H. H. Burchnall 
Registrar, The University P.O. Box 
147, Liverpool, L69 3BX. 
2225(A) 





together 


THE POLYTECHNIC 
OF WALES 


Politechnig Cymru 
Applications are invited for the 
following post: 


LECTURER II/ 
SENIOR LECTURER 


DEPARTMENT OF SCIENCE 


The person appointed, who wili be 
a Microbial Physiologist /Microbial 
Biochemist will be required to teach 
up to B.Se, (Honours). level and should 
have a higher degree together with 
relevant research, teaching or indus- 
trial experience. In addition he/she 
will be expected to undertake research. 


Salary £4,101 to £7,065 (bar) to 
£7,572 (subject to review with effect 
from April 1, 1979). 


Application forms and further par- 
ticulars available from: 


The Personnel Officer, 
The Polytechnic of Wales, 
Pontypridd, 

Mid Glamorgan, 

CF37 IDL. 


July 9, 1979. 
2202(A) 


Closing date: 


THE POLYTECHNIC 


OF CENTRAL LONDON 
BIOMEDICAL RESEARCH GROUP 


RESEARCH ASSISTANT 


Salary £3,087 to £3,261 inclusive of 
Londen Allowance 


A vacancy exists for a Research 
Assistant (3 year appointment) to work 
on brain evoked responses to sensory 
stimuli in neonates. The project will 
be carried out jointly with University 
College Hospital, London. The success- 
ful candidate, if suitably qualified, 
will be able to register for a higher 
degree (M.Phil. or Ph.D). 

Ciosing date: Two weeks 
appearance of advertisement. 

Application form and further details 
from the Establishment Officer, PCL. 
309 Regent Street, London WIR 8AL 
(Tel. 01-880 2020, ext. 212). 

2207(A) 


after 





UNIVERSITY OF 
MALAYA 


Applications are invited for the 
following Chairs: 


Faculty of Science 


CHAIR OF GEOLOGY 
Faculty of Engineering 


CHAIR OF BIOCHEMICAL 
ENGINEERING 


Computer Centre 


Qualifications and Expertence: 
Candidates should possess: a Ph.D. 
in the required field with:—{a) three 
years’ experience as Senior Lecturer/ 
Reader/Associate Professor; or (b) 
five years’ experience as Lecturer; or 
a Master's degree in the required field 
with:—-(a) five years’ experience as 
Senior Lecturer/Reader/Associate Pro- 
fessor; or (b) eight years’ experience 
as Lecturer. 

Candidates are also required to 
undertake research and to have pub- 
ications of academic standing. 

Salary Seales (All inclusive 
fapprox. stg. equiv.]: £8,313 by £420 
to £8,733/Review Point/£9,014 by 
£420 to £9,434 per annum, 

Further particulars and application 
forms are obtainable from the Asso- 
ciation of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF. 

The closing date for the receipt of 
applications is July 20, ; 

22171A) 


THE UNIVERSITY 
OF TORONTO 

ASSISTANT PROFESSO) 

IN BIOCHEMISTRY 


Applications are invited for 
positions of Assistant Professor i 
Department of Biochemistry (or 
be located in the Playfair N 
Sciences Unit) to take effect 
July I, 1980. Both appointees w. 
on a two-year contract with possi 
of renewal for a furthr three ' 
The successful applicants wil 
required to take part in the tea 
programs of the Department ar 
develop a research program. Th 
pointment to the Playfair Unit w 
made in the area of membrar 
receptor biochemistry; the other 
tion has no feld restrictions. 
Department is involved in tea 
Biochemistry to undergraduates i 
Faculties of Medicine, Dentistry, 
and Science, and Nursing, as we 
graduate students. The min 
Salary for both positions wil 
$18,000.00. 

Applicants with suitable qua 
tions should send a curriculum 
and the names and. addresses of 
referees to: Chairman of the S$ 
Committee, Department of 
chemistry, University of Tor 
Toronto, Canada, M58 1A8, to 
him not later than September 
1979, W 182: 





UNIVERSITY OF 


NEBRASKA-LINCOLN 
DEPARTMENT OF 
PLANT PATHOLOGY 


RESEARCH ASSOCIATI 


Two Postdoctoral Fellows for | 
orary positions (2 years) ava 
September 1979. 

(D Methodology involves separ 
proteins by gel electrophoresis 
identifying Fe proteins by auto 
graphy. 

(2) Study transmission of cc 
mosaic virus by the Mexican 
beetle. Transmission of electrophi 
forms will be compared and fa 
radio labelled virus will be studi 

Salary about $13,000/year, Sen: 
plication or request details fron 
L. C. Lane, Plant Pathology Di 
ment, The University of Nebr 
Lincoln, Lincoln, Nebraska, 
(402-472-3165) Affirmative Ac 
Equal Opportunity Employer. 

W185 


UNIVERSITY OF SYDNI 
LECTURESHIP 
IN ANIMAL HUSBANDI 


(Animal Genetics) 


Candidates should be graduat 
Veterinary Science, Agricu 
Science, Rural Science or equiv: 
with a higher degree in fiel 
quantitative genetics, animal bre 
or population genetics. Appointee 
be responsible to Head of Depari 
of Animal Husbandry for cours 
students in Veterinary Science 
Agriculture. He/she will alsc 
expected to participate in the 
gramme of research and postgra 
training in quantitative gen 
animal breeding and popul 
genetics conducted within the Dr 
ment. 

The position is expected to be 


by a probationary appointmen 
three years, capable of leadin. 
tenure, but if all the Univer 


requirements for tenure are de 
to be satisfactorily met, tenure mi 
granted at the time of appointme 

Salary range: $A15,786 to $A2 
per annum. 

Applications, including  curric 
vitae, list of publications and n 
of three referees, by August 31, 
to the Registrar, University of Sy: 
NSW 2006. Australia, from v 
further information available. Infe 
tion also available from Associ 
of Commonwealth Universities (Al 
36 Gordon Square, London W 
OPF. 21864 
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UNIVERSITY OF SYDNEY 
LECTURESHIP IN 
MATHEMATICAL 

STATISTICS 


Preference given to applicants inter- 
ested in one or more of: Statistical 
Inference, Robustness, Time Series, 
Statistical Computations, and in appli- 
cations to analysis of data. Teaching 


capability will be an. important com- 


sideration. 


The position is expected to be filled 
by a probationary appointment of 
three years, capable of leading to 
tenure, but, if all the University's 
requirements are deemed to be satis- 
factorily met tenure may be granted 
at the time of appointment. 


Salary range: $A15,786 to $A20,737 
per annum. 

Applications, including curriculum 
vitae, list of publications and names of 
three referees by July 31, 1979 to the 
Registrar, University of Sydney, NSW 
2006, Australia, from whom further 
information available. Information 
also available from Association of 
Commonwealth Universities (Appts), 
36 Gordon Square, London WCIH 
OPF. ZIR7T{A) 





UNIVERSITY OF 
HONG KONG 
CLINICAL 
BACTERIOLOGIST 


Applications are invited for a post 
wef Clinical Racteriologist in the 
Department of Microbiology. Appli- 
kants with a medical qualification and 
suitable laboratory experience are 
preferred though a science graduate 
with experience in hospital micro- 
wiology service will also be considered. 

Annual salaries (superannuable) are: 


Medically qualified: HK $63 ,900- 
«7,140 - 74,100 - 81,540 - 85,320 BAR 
202,780 - 107,340 - 111,960 - 116,580 - 
© 21,200, 

Non-medically qualified: HK$46,260 
« 4,320 - 63,540 x 4,260 - 72,060 BAR 
6,320 x 4,260 - 106,140, (£1 equals 
4@K$10.30 approx.). 


Starting salary will depend on quali- 
cations and experience, 


At current rates, salaries tax will 
ot exceed 15 per cent of gross 
mcome. Housing at a rental of 74 per 
sent of salary, education allowances, 
wong leave and medical benefits are 
aovided. 


Further particulars and application 
prms may be obtained from the 
association of Commonwealth Uni- 
wersities (Appts), 36 Gordon Square, 
ondon WCIH OPF, or the 
sasistant Secretary (Recruitment), 
“niversity of Hong Kong, Hong Kong. 


Closing date for applications is July 
m, 1979. 2192(A) 





DEVELOPMENTAL 


BIOLOGISTS 


~The Department of Biology of The 
hns Hopkins University has 2 
culty positions available. One of 
pese positions is at the assistant pro- 
issor level while the other may be 
. any level. Individuals interested in 
esearch and teaching in the cellular, 
“netic and/or molecular aspects of 
svelopmental biology are invited to 
@ply. 






Chairman, Developmental Biology 
Search Committee 
Department of Biology 
The Johns Hopkins University 
Baltimore, Maryland 21218 


ha 


at discriminate on the basis of race, 
“jour, religion, national origin, age. 
w, veteran status, handicap, or any 
mer occupationally irrelevant criteria, 
W 183A) 


WELSH NATIONAL 
SCHOOL OF MEDICINE 

(University of Wales) 
TENOVUS INSTITUTE FOR 

CANCER RESEARCH 
Applications are invited for the 


post of 
SENIOR LECTURER 
in Cancer Research (Steroid Bio- 


chemistry) in the above Institute at 
Heath Park, Cardiff. Candidates must 
have considerable research experience 
in steroid biochemistry and expertise 
in surgical procedures would be 
advantageous. ; 

Salary on the scale for Non-clinical 
Senior Lecturers £8,182 to £10,097 
per annum funder review); starting 
point dependent upon qualifications 
and experience. 

Further particulars available from 
the Registrar and Secretary, Welsh 
National School of Medicine, Heath 
Park, Cardiff, to whom applications 
should be submitted one month from 
the appearance of this advertisement. 

22 44(A) 








UNIVERSITY OF 


BRISTOL 
DEPARTMENT OF 
BOTANY 


Applications are invited for the 
post of 


N.E.R.C. RESEARCH 
ASSISTANT 


in Palaeobotany fo work on a mono- 
graph of Devonian megaspores under 
the supervision of Dr K. C€, Allen. 
This appointment wili be for three 
years. Applicants should hold, or 
expect ta obtain, a good Honours 
Degree in either Botany or Geology. 
The starting salary will be £3,689 
per annum (subject to revision on 
October 1, 1979) and will commence 
on or around September 1, 1979, 
Applications, including a curricu- 
lum vitae, giving the names and 
addresses of two referees should be 
sent to Miss Suzy Oakes, Department 
of Botany. The University, Woodland 
Road, Bristol BS8 1UG not later 
than July 5, 1979, 2215(A) 





THE UNIVERSITY 
. OF MANCHESTER 
Oxford Road 
Manchester M13 9PL 
GRADE 4 TECHNICIAN 


required in the Electron Microscope 
Unit of the Department of Botany 
and Zoology. Applicants should have 
at least O.N.C. or equivalent qualifi- 
cation and preferably H.N.C. and 
have had six years’ relevant experi- 
ence including ultramicroteny and 
other preparatory techniques. 

Salary scale: £3,222 to £3,708 per 
annum. 

Applications with full details of 
age, qualifications and previous ex- 
perience should be sent as soon as 
possible to Doctor R. Butler, Depart- 
ment of Botany, 2235(A) 





UNIVERSITY OF LONDON 
READERSHIP 

in Probability and Statistics 

at University College London 


The Senate invites applications for 
the above Readership in the Depart- 
ment of Statistics and Computer 
Science, particularly from persons with 
research interests in data analysis. 
Salary at an agreed point ọn the 
scale £8.698 to £10,775 (from October 
1979) plus £502 London Allowance. 
Applications (10 copies) must be 
received not. later than July 13, 1979 
by the Academic Registrar (N), 
University of London, Senate House, 
London WCIE 7HU, from whom 
further particulars should first be 
obtained. 2190(A) 
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AUSTRALIAN NATIONAL UNIVERSITY 


Applications are invited from su 


ment to the following positions: 


itably qualified persons for appoint- 


RESEARCH. SCHOOL OF BIOLOGICAL SCIENCES 
MOLECULAR BIOLOGY UNIT 
POSTDOCTORAL FELLOW 


The Unit (Head, Dr H. Naora) is. exploring the molecular mechanisms 
of post-ranscriptional control in animal cells. This includes the problems 
of the HnRNA-mRNA precursor-product relationship, the nuclear pro- 


cessing of mPNA-precurs molecules, 
DNA cloning. Applicants should hay 


of research. 


CLOSING DATE: July 31, 1979. 


using nucleic acid sequencing and 


e experience in this particular field 


RESEARCH SCHOOL OF EARTH SCIENCES 
RESEARCH FELLOW 
IN GEOPHYSICAL FLUID DYNAMICS 


The School wishes to make an 
Fellowship in the Geophysical FI 


éarly appointment to a third Research 
uid Dynamics Group, The Group com- 


prises at present Professor J. S. Turner and two Research Fellows. 

The research of the Group has been in two main areas: (i) laboratory 
and theoretical models of convection and mixing processes in the ocean 
and (ii) theoretical work on fluid dynamical processes in the interior of 
the Earth. The Group has also developed interests in fluid processes 
relevant to the formation: of ore deposits and of layered igneous intrusions, 
and would consider further collaborative extensions of research into 
relevant fields of environmental geochemistry. 

Applications are invited from candidates with qualifications in any of 
these fields. There will be excellent opportunities. for the successful 
candidate to pursue interdisciplinary research with other groups in the 


School, 


Applications should be sent as soon as possible, 


RESEARCH SCHOOL OF PHYSICAL SCIENCES 
MOUNT STROMLO AND SIDING SPRING OBSERVATORIES 


FELLOW (One position) 
RESEARCH FELLOW/SENIOR RESEARCH FELLOW 
(Two positions) 


The Observatories expect to make one tenured appointment (Fellow) 
and one or two short term appointments (3 to § years as Research Fellow/ 
Senior Research Fellow). Applications in all fields of observational and 
theoretical astrophysics will be considered. Astronomers interested in 
space research applications are encouraged to apply. Applications from 
senior astronomers who could accept an appointment for one or two 


years only are welcomed, 


CLOSING DATE: August 31, 1979, 


Conditions of Appointment 


Salaries: Salary will be in accordance with qualifications and experience 
within the range---Senior Research Fellow $A22,049 to $426,301; Research 
Fellow $A1S.786 to $A20,606; Fellow $A 18,401 to $A24.652: Postdoctoral 
Fellow-—a fixed point between $A15,786 to $A20,606 per annum. Present 
exchange rates are $Al =UK£0.53, $US1.10, $C1.27. 


Term of Appointment 


Fellow—five years in the first instance with the possibility of reappoint- 
ment after review to age 65, Research Fellow/Senior Research Fellow— 
three years in the first instance with the possibility of extension to five 
years. Postdoctoral Fellow—not less than one year or more than two years. 


Other Conditions 


Reasonable appointment expenses are paid. Superannuation benefits are 
available for applicants who are eligible to contribute. Assistance with 
finding accommodation is provided for an appointee from outside Canberra. 

The University reserves the right not to make an appointment or to 
make an appointment by invitation at any time. 

Prospective applicants should obtain the further particulars from the 
Association of Commonwealth Universities (Appts), 36 Gordon Square. 


London WCIH OPF, before submitting applications. 


UNIVERSITY OF 


ST ANDREWS 
DEPARTMENT OF ANATOMY 
AND EXPERIMENTAL 
PATHOLOGY 


Applications are invited for the 
recently created post of 


LECTURER 
in the Department of Anatomy 
and Experimental Pathology. The 
successful candidate will be ex- 
pected to contribute to the teach- 
ing of 
CELLULAR PATHOLOGY. 


Previous experience in a De- 
partment of Pathology or Ex- 


perimental Pathology is therefore 


essential. Excellent facilities for 
research are available. The De- 
partment may be visited ‘by 


_ arrangement with Professor D., 


Brynmor Thomas (Telephone St 
Andrews 72411). 

Salary at appropriate point on 
scale £4,232 to £8,452 per annum 
(under review), starting salary not 
above £6,108, plus F.S.$.U./U.5S.S, 

Applications (two copies pre- 
ferably in typescript) with the 
names of three referees should he 
lodged by July 9, 1979 with the 
Establishments Officer, The 
University, College Gate, St 
Andrews, Fife, from whom further 
particulars may be obtained. 

2228(A) 





sheets. A 


2191(A) 


UMIST 
POSTDOCTORAL 
RESEARCH 
in 
IMAGE ANALYSIS 


An image analysis unit is being 
developed within UMIST for the study. 
of morphological and optical charac- 
teristics of cellulose fibres and paper 
postdoctoral research 
position has arisen in this field which 
will involve the use of a recently 
acquired Joyce Loeb! Magiscan Image 
Analyser. The position will have a 
research bias and be of 2 years‘ 
duration. The successful applicant is 
likely to have a background in physics, 
electrical engineering, mathematics or 
computing, but other disciplines would 
be considered. Salary will be in the 
range £3,883 to £6,555 per annum 
(which is subject to a revision from 
October 1978 and a further award 
from October 1979). f 

Applications by letter, quoting 
reference PFS/58/Al giving carri 
culum vitae and the names of two 
referees should be addressed to Dr 
J. C. Roberts, Paper Science Building, 
UMIST, PO Box 88, Manchester 
M60 IQD. Z2173(A) 
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NEW ZEALAND 


CSIRO AUSTRALIA FOREST SERVICE 


Postdoctoral Research Fellow 


Division of Protein Chemistry 
Parkville Victoria 


CSIRO has a broad charter for research into primary and secondary 
industry areas. The Organization has approximately 7,000 employees 
2,400 of whom are research and professional scientists—located in 
Divisions and Sections throughout Australia. 

FIELD : Immunochemistry. 

GENERAL: The Division has-a research staff of some 60 
biochemists, biophysicists, physical biochemists and organic 
chemists. The major role of the Division is to contribute to 
knowledge of the molecular structure and chemistry of proteins, 
particularly in areas where the molecular properties of proteins 
determine the commercial value of a product or where information 
is important for plant or animal production. Current research 
interests include wool, leather, plant proteins and biologically 
active proteins . Plant protein research is directed to the increased 
and more efficient utilization of seed protein from legumes in 
Australian agriculture and industry. 

DUTIES: Initially, to study the characterization and assay of seed 
storage proteins using serological techniques and to provide 
immunological data for comparative studies of proteins from 
different sources. The person appointed will be encouraged to 
apply his/her knowledge of immunochemistry to other relevant 
research programmes within the Division. 

QUALIFICATIONS: A PhD in an appropriate field with 
demonstrated research ability. Experience in the field of 
immunochemistry is essential. 

SALARY: Research Scientist/Senior Research Scientist: 
$A15,422-$A22,405 pa. 

TENURE: Fixed term of 3 years. 

Applications IN DUPLICATE, stating full personal and professional 
details, the names and addresses of at least two profesional 

referees, and QUOTING REFERENCE NUMBER 462/448 should 
reach :~—~ 

The Personnel Officer, Australian Scientific Liaison Office, 

Canberra House, 10-16 Maltravers Street, London WC2R 3EH, by 
20th July 1979. 

Applications in U.S.A. and Canada should be sent to -— 

The Counsellor Scientific, Embassy of Australia, 1601 Massachusetts 
Avenue, N.W., Washington, D.C., 20036, U.S.A. 2245(A) 


AGRICULTURAL RESEARCH COUNCIL 
FOOD RESEARCH INSTITUTE 
SCIENTIFIC SERVICES AND DEVELOPMENT DIVISION 


CHEMIST 


A Scientific Officer is required to join, on a temporary basis, the 
Chromatography Development Group which is part of the Scientific 
Services and Development Division, The appointment relates. to a research 
contract ending in October 1980, which has as its objective the estimation 
in poultry waste of residues of specified veterinary products. Published 
gas chromatographic methods will be worked up but some method 
development will be necessary. 


A pass degree or H.N.C, in chemistry, together with a knowledge and 
practical experience of high performance liquid chromatography and/or 
gas chromatography, are required. 


Salary: on a scale £2,839 to £4,415 (under review). 


Five-day working week and flexible working hours schime operated. 


Transport facility available mornings and evenings. 
Further particulars and application forms from: 


The Secretary, Food Research Institute, Colney Lane, 

Norwich NR4 7UA, quoting Ref. No. 79/9. 

Closing date: July 4, 1979. l 
2260(A) 


To place your 
advertisement in these pages 


Phone: 01-831-6901 








- search, 


Scientist 


PRODUCTION FORESTRY 
DIVISION, FOREST RESEARCH 
INSTITUTE, ROTORUA 


Applications are invited for the above position. Salary up to 
$16.685 (N.Z.) per annum depending on qualifications and 


expenence. 


A forest soils scientist is required to join a team of 8 scientists 


and 15 support staff studying tree 


nutrition. soil fertility and forest 


site productivity in New Zealand. A major part of the programme 
involves pinus radiata plantations and includes soli chemistry, sor) 
physics, tree nutrition, nutrient cycling and biomass production. 


Qualifications desired: PhD in soil science with supplementary 
training and experience in forestry. or PhD in forestry with 
supplementary training and experience in Soi science. 


Housing available for an initial 2 year period. 


Successful applicants will receive assistance with fares and 
transfer of personal baggage to New Zealand. 


Application forms may be obtained from: 
The Chief Migration Officer 


New Zealand House 
Haymarket 
LONDON 

SWI1Y 4TQ 


You should quote reference [mm 2/326/5. 


Closing date for applications: 


August 24th 1979. 


Further particulars may be obtained from the Director. Production 
Forestry Division, Forest Research Institute, Private Bag, Rotorua, 


New Zealand. 


xt. 2992. 


TECHNICIAN or JUNIOR TECH- 
NICIAN required. by the Institute of 
Cancer. Research in association with 
the Royal Marsden Hospital at Sutton, 
Surrey. Candidates should have an 
interest in cell culture and, ideally, 
some previous experience in this field 
and also in enzymology. The individual 
appointed will take part in a new 
M.R.C. Project on clinical and labora- 
tory aspects of head and neck cancer, 
commencing September-Ociober, 1979, 
Salary in scale £3,261 to £3,813 pa. 
(Technician) or £2. 169 to £3,015 pa. 
(Junior Technician), plus London 
Allowance of £354 p.a. {scales under 
review), Salary will depend on age and 
qualifications, two ‘A’ levels in science 
subjects for Junior Technician and 
either a Degree; HNC or equivalent 
qualification for a Technician appoint- 
ment. Applications in duplicate with 
the names of two referees to the 
Secretary, Institute of Cancer Re- 
34 Sumner Piace, Londen 
SW7 3NU, quoting ref. 301/B/73. 
2174A) 


2176(A} 


CHARING CROSS HOSPITAL (FULHAM) 
BIOCHEMIST 


DEPARTMENT OF MEDICAL ONCOLOGY 


Applications are invited from Chemists/Biochemists to join a project on 
synthesis and in vive localisation of antibody conjugates relevant to 
diagnosis and therapy of cancer. Candidates should possess an appropriate 
science degree and experience of radioimmunoassay would be an advantage, 
The post will be supported by the Cancer Research Campaign and Whitley 
Council salaries and conditions for Probationary Grade Biochemists apply, 


Further details from Dr F. Searle, Medical Oncology, tel: O1-748 2040, 
ext. 2320. Application forms from District Personnel Department, Charing 
Cross Hospital, Fulham Palace Road, London W6 RRF. Tel: 01-748 2040, 


225T( A} 


I UNIVERSITY OF LIVERPOO 
DEPARTMENT OF ZOOLOGY 


Applications are invited for d 
post of 


POSTDOCTORAL SENIOR 
RESEARCH ASSISTANT 
(Grade 1A) 


to work on the mechanisms of ix 
transport in fish erythrocytes and tl 
alterations of ion transport duris 
salinity acclimation of fish. Techniqu 
involved include isotope flux and cë 
culture. 
Initial salary £4,232, 
£4,776 per annum. 
Applications, together with € 
names of three referees, should 
received not later than July 16, 197 
by The Registrar, The University, a 
Box 147, Liverpool L69 3BX, fre 
whom further particulars may -> 
obtained. Quote Ref. RV/650/N. 
2169 A 


£4,508 
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CROP PROTECTION 


(Phytopathologists, Entomologists, Weed Scientists) | 





Sheet 





REQUIRED BY THE 

FOOD AND AGRICULTURE 
ORGANIZATION OF THE 
UNITED NATIONS, ROME, ITALY 


SPECIALISTS 


to be stationed in Sahelian countries, serving in 
a large-scale project on Integrated Pest Management 
for Basic Food Crops implemented with the assistance 
of FAO by the Inter-States Permanent Committee for 
Drought Control in the Sahel (CILSS). 


ESSENTIALS: Ph.D. in Plant Protection 
Sciences. At least 7 years of post-graduate experience 
in pest management. Good working knowledge of 
English or French. 


SALARY: dependent on qualifications/senior- 
ity, net tax-free including the usual International 
Civil Service allowances. Please send detailed cur- 
riculum vitae quoting “TF/RAF/128(USA)-comm.” 
to Mr T. Eshetu, Manpower Planning, AGO, FAO, 
Via delle Terme di Caracalla, 00100 Rome, Italy. 

W184(A) 


BIOCHEMIST 

Our Department of Biochemistry is seeking an experienced 
scientist to work in the field of drug metabolism with special 
reference to the skin. 

The successful candidate will have: 

~~ At least five years’ postdoctoral experience (or the 
equivalent). 

~- dn vivo and in vitro experimental ability in meta- 
bolism work, including the handling of labelled 
compounds. Experience in skin biochemistry would 
be advantageous. 

~~ A practical knowledge of analytical chemical tech- 
niques (HPLC, GC, TLC and spectroscopy), _ 

Our modern Research Centre based near Nice in the South 
of France, was recently created to study the skin and its 
disorders and is associated with a multi-national French 
Company. 

For further details please send curriculum vitae to Box 
No. WISKA), c/o Macmillans Journals, 3 Dyers Buildings, 
Holborn, London ECIN 2NR. WIS8ICA) 


Please mention 


Nature 


when replying to 
these advertisements 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF GENETICS 
Pie cas are invited for the post 

o 


POSTGRADUATE 
RESEARCH ASSISTANT 


to work on an N.E.R.C. financed pro- 
ject to investigate genetic determina- 
tion of abundance and polymorphism 
in a population of Drosophila melano- 
gaster. 

The project is financed for three 
years. Candidates should be graduates 
with a sound background in. ecology, 
genetics or ecological or population 
genetics. A suitably qualified candi» 
date may be allowed to register for a 
higher degree. 

Applications, together with the 
names of three referees, should. be 
received not later than Jaly 12, 1979, 
by The Registrar, The University PO 
Box 147, Liverpool L69 3BX. Quote 
Ref. RV/648/N. 2168(A) 


INSTITUTE OF CANCER RE- 
SEARCH: TECHNICIAN or JUNIOR 
TECHNICIAN required at the Sutton, 
Surrey laboratories for work with 
mammalian cell culture applied to 
radiobiology. Experience in cell culture 
methods would be an advantage but 
is not essential, Salary in scale £3,261 
to £4,680 per annum. (Technician) 
or £2,169 to £3,015 per annum. 
(Junior Technician), plus London 
Allowance of £354 per annum (scales 
under review). Salary will depend on 
age and qualifications, two ‘A’ levels 
in science subjects for Junior 
Technician and a Degree, HNC or 
equivalent qualification for a Tech- 
nician appointment, 

Applications in duplicate with the 
names of two referees to the Secretary, 





ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) ©. 
Department of Neurological Science 
TECHNICIAN 


Histological Technician required to 


_ work in EM neuropathology laboratory. 
> Appointment for 


Ap 3 years in first 
instance, Salary on Whitley Council 
Scale according to age and experience. 

Further details and application form 
from the School Secretary, R.P.H.S.M.,: 
& Hunter Street, London, WCIN IBP, 


or tel. 01-837 5385 ext. 54. Closing. © 
date for applications July 13, 1979, 


222A) 





INSTITUTE OF CANCER RE- 


SEARCH in association with the 
ROYAL MARSDEN HOSPITAL, 
Sutton, Surrey, require JUNIOR 


TECHNICIAN in the Department of 
Histopathology. Applicants should have 
a minimum of 5 ‘O’ levels including 
Maths, English and two science subs 
jects or (preferably) two science ‘A’ 
levels or ONC in Medical Laboratory 
Sciences. 

Training will be given in all aspects 
of histological technique and Day- 
release will be granted. 

Salary in scale £2,037 to £3,015 per 
annum depending on age and qualifi- 
cations {scales under review), plus 
London Allowance of £354 per annum. 

Applications in duplicate with the 
names of two referees to the Secretary, 





Institute of Cancer Research, 34 institute of Cancer Research, 34 

Sumner Place, London, SW7 INU, Sumner Place, London, SW? INU, 

quoting ref. 301/B/74. 222A A) guoting ref. 301/B/75. 2236(A) 
STUDENTSHIPS 


UNIVERSITY OF LONDON. REACTOR CENTRE 
ASCOT, BERKSHIRE | 


POSTGRADUATE RESEARCH STUDENTSHIPS 


Applications are invited, 


from candidates 


holding, or expecting to 


obtain, a good honours degree, for the following research studentships 
tenable from October I: 
(i) A Bursary Funded by the U.K.A.E.A. for a study of the Radio- 
active Decay Schemes of Actinide Isotopes in collaboration with 
the Nuclear Physics Division at A.E.R.E. Harwell. 


{ii} An S.R.C, Case Studentship in collaboration with the National 


Physical Laboratory for a project involving the measurement of 
Neutron Energy Spectra and Neutron Absorption Cross Sections 


in the Resonance Region. 


Gil) An N.E.R.C. studentship in collaboration with the British Museum 


(Natural 


History) for a study of the structural breakdown of 


Minerals by Radioactivity and involving the use of particle track 


mapping techniques, 


(iv) S.R.C. Quota Awards may be available for various other projects 
in flelds such as Reactor Physics, Neutron Activation Analysis and 


Radiochemistry. 


Those interested are invited to write or telephone, as soon as possible, 
for an application form and further details to: 
Dr T. D. MacMahon, University of London Reactor Centre, Silwood 
Park, Sunninghill, Ascot, Berkshire SLS 7PY. (Telephone Ascot (0990) 


23911 ext, 298) 


2219¢F) 





IMPERIAL COLLEGE 
UNIVERSITY OF LONDON 
DEPARTMENT OF CHEMICAL ENGINEERING AND 
CHEMICAL TECHNOLOGY 
S.R.C. C.AS.E, STUDENTSHIPS 


for research with Dr G. C. Maitland into the following areas: 


l. Elongational flaw of polymer solutions in relation to enhanced oil 
recovery, in collaboration with B.P. Research Centre; 


2. Mathematical modelling of 


P.V.C. polymerisation 


processes, in. 


collaboration with I.CJ. Plastics Division, 


Applicants should hold, or expect to obtain, a first or upper second class 
honours degree in a physical science or chemical engincering. The awards. 


are tenable for three years at normal 5.R.C. rates supplemented by up to $ 


£500 per annum by the sponsors. 


All applications, including a curriculum vitae and the names of two - 


referees, should be sent fo: 
Dr K. E. Bett 


Department of Chemical Engineering 


Imperial College 
London SW7 2BY 


2261(F) 
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STUDENTSHIPS—continued 


UNIVERSITY 
college ot 
swan 


RESEARCH 
STUDENTSHIP 
The Science Research Council is 


prepared this year to offer to 
suitable candidates a Research 


Studentship tenable in the Depart- 
ment of Geology or the Depart- 


ment of Oceanography at the 
above University College. 

Applicants should have 
an upper second class honours 
degree in an appropriate science, 
or be expected to obtain such ‘a 
degree by July, 1979, in order to 
pursue a research programme 
leading to a Ph.D. 

The studentship will be tenable 
from October 1, 1979 and the 
value will be in line with current 
S.R.C. rates. 

Further details about the re 
search topics available and applica- 
tion forms may be obtained from 
the Secretary of the Department 
of Geology or Oceanography, 
University College of Swansea, 
Singleton Park, Swansea SA2 8PP. 

2242(F) 


at least 





THE UNIVERSITY 


OF SHEFFIELD 
DEPARTMENT OF MEDICINE 
Man or woman 


BIOLOGY GRADUATE 


minimum class IKD, wanted for 
Medical. Research Council Student- 
ship. Those expecting to graduate this 
summer may apply. A _ three-year 
award to study for a Ph.D. in res- 
piratory physiology. Project concerns 
changes in the lung circulation in 
oxygen deficiency. Apply to the 
Registrar and Secretary, The Univer- 
sity, Sheffield S10 2TN as soon as 
possible. Quote Ref. R/305/G. 
2170CF) 





UNIVERSITY OF 


SOUTHAMPTON 
DEPARTMENT OF 
NEUROPHYSIOLOGY 
RESEARCH STUDENTSHIP 
IN NEUROPHYSIOLOGY 


A Research Studentship is available 
in Neurophysiology or Neuropharma- 
cology. Applicants should have an 
Upper Second Class Honours Degree 
in an appropriate subject. Applica- 
tions giving names and telephone 
numbers of two referees should be sent 
to Professor G. A. Kerkut, Depart- 
ment of Neurophysiology, School of 
Biochemical and Physiological 
Sciences, Southampton University, 
Southampton. 2174F) 





UNIVERSITY OF 
NEWCASTLE 


Department of Microbiology 
S.R.C. C.A.S.E. 
RESEARCH STUDENTSHIP 


Applications are invited for a 
C.A.S.E. Studentship in co-operation 
with the Fish Diseases Laboratory, 
Weymouth to investigate the taxonomy 
and ecology of the causative agents of 
Bacterial Kidney Disease in Fish. 
Applicants should hold or expect to 
achieve at least an upper second class 
Honours Degree in Microbiology or 
have an equivalent qualification. 

Applications with the names and 
addresses. of two referees and a cur- 
riculum vitae should be sent to Dr M. 


Goodfellow, Department of Micro- 
biology, The Medical School, The 
University, Newcastle upon Tyne 


NE! 7RU by June 30, 1979. 
2233(F) 





















THE HATFIELD _ 
POLYTECHNIC 
BIOLOGICAL SCIENCES 
S.R.C. STUDENTSHIP 


An S.R.C. Studentship is avail- 
able in one of the following — 
areas: i 

G) Viricidal 
tissue cultures, 

Gi) Drug metabolism 
with isolated Repatocytes. l 

Git) The pelleting of Actino- 
mycetes in submerged culture, 

(iv) Microsphaera alphatoides, 
Powdery Mildew on Quercus 
robur. 


effects in plant 


studies 






Applicants must possess a good 
honours degree in an appropriate 
subject and will be expected to — 
register for a higher degree. 
There will be an opportunity to 
undertake some demonstrating to 
undergraduates, 


For further details apply to 
Dr K. Wilson, Biological Sciences, 
The Hatfield Polytechnic, P.O. 
Box 109, Hatfield, Herts. ALIO 
SAB, enclosing a curriculum vitae 
and the names of two referees. 


2211(F) 


UMIST 
S.R.C. CA.S.E. 
STUDENTSHIP 


The Science Research Council has 


made -a co-operative award to the 
Department of Polymer and Fibre 
Science (Paper Science Section), 
UMIST, and the Research Association 
for the Paper and Board, Printing and 
Packaging Industry. (PIRA). 

The work will be concerned with 
investigations into the effects of non- 
cellulosic polysaccharides on pulp and 
paper properties. A successful appli- 
cant will be expected to submit for a 
higher degree and will spend some 
part of his training in the Research 
Department of PIRA. The mainten- 
ance grant is £2,320 per annum, 
which includes an annual contribution 
of £500 by PIRA. 

Applications are invited from 
graduates with good honours degrees 
in Chemistry, Biochemistry or a 


related subject and should be made: 


in writing, giving a curriculum vitae 
and the names of two referees, to 


Dr J. ©. Roberts, Paper Science 
Building, UMIST, PO Box 88, 
Manchester M60 IQD. 2208(F) 





DEPARTMENT OF BIOCHEMISTRY 
UNIVERSITY OF 
NOTTINGHAM 
Queen’s Medical Centre 
Nottingham NG7 2UH 
S.R.C. CASE, 


STUDENTSHIP 


A CASE. studentship is available 
from October 1, 1979, to work on 
“Hormonal Regulation of Enzyme 


Turnover in Adipose Tissue”, The pro- 


ject is to be carried out in conjunc: 
tion with Dr R. G. Vernon, Depart- 
ment of Physiology, The Hannah 
Institute, Ayr, Scotland. Candidates 
should be prepared to work in both 
laboratories. 
Candidates should write to Dr R. J. 
Mayer at the Nottingham address. 
— 2178(F) 





UNIVERSITY OF 
CAMBRIDGE 
S.R.C. STUDENTSHIP 


Applications are invited for the 
above studentship which is for geo- 
chemical or stable isotope geochemical 
studies of lunar samples and or 
meteorites. l 

Application together with names of 
two referees to Dr C. T. Pitlinger, 
Department of Mineralogy and Pet- 
rology, Downing Place, Cambridge 
CB2 JEW. 2264(F) 


ROYAL HOLLOWAY 

© COLLEGE © 

(University of London) 
Egham Hill, Egham, Surrey 


DEPARTMENT OF 
BIOCHEMISTRY 
POSTGRADUATE 
STUDENTSHIP 
S.R.C. C.A.S.E. studentship (ten- 
able for three years and leading to 
Ph.D. degree) to undertake a study 
of the biochemistry of chill damage 
of bananas in conjunction with 
Geest Associates Lid. The work will 
involve a variety of biochemical 
techniques and the student will spend 
four weeks per annum at Geest 
Associates in Spalding, Lincs. Candi- 
dates who have (or are likely to have) 
a class I or 2 (i) honours degree in: 
biochemistry; chemistry with a bio- 
fagical. subject; botany with chemistry 
should write to Professor J. B. 
Pridham. 2246(F) 


THE CITY UNIVERSITY 
DEPARTMENT OF 
CHEMISTRY 


ENERGY RESEARCH 
S.R.C./CAS.E, AWARDS 


Applications are invited for student- 


. ships for work on the following topics: 


(a) H, production using renewable 


energy sources such as wave, solar, 
hydroelectricity as well as off-peak 
nuclear electricity. The work will 
involve the study of the electronic, 
crystallographic and electrochemical 
properties of semiconducting oxides 
and sulphides, and will be done in 


collaboration with the Central 
Electricity Research Laboratory, 
Leatherhead. 


(b) Mechanism of stress corrosion in 
North Sea Oil and Gas Pipelines. 
This study will involve electro- 
chemical and metallurgical study of 
crack propagation mechanism in 
stressed pipelines as well as com- 
puter simulation of mass transfer 
effects at the crack tip, The work 
will be done in collaboration with 


the British Petroleum Research 
Centre, Sunbury-on-Thames. 
Candidates should have a good 


honours degree in Chemistry, Materials 
Science, Chemical Engineering or any 
other related discipline. The awards 
will be at the S.R.C. research student- 
ship rate plus industrial allowance. 
Applications, together with the 
names of two referees should be sent 
to Dr A. C. C. Tseung, Department 


of Chemistry, The City University, 
Northampton Square, London ECIV 
OHB. 2182{F) 





THE POLYTECHNIC 


OF NORTH LONDON 
DEPARTMENT OF 
MATHEMATICS 


S.R.C. C.A.S.E. STOUDENTSHIP 
IN THEORETICAL 
AERODYNAMICS 


Applications are invited for a col- 
laborative research studentship jointly 
sponsored by the Science Research 
Council and Rolls-Royce Ltd. The 
project involves mathematical model- 
ling of the aerodynamic design of 
turbomachinery components under 
mechanical constraints. 

Applicants should hold, or expect 
to obtain this year, a good honours 
degree in Mathematics, or another suit- 
able subject, and satisfy the usual 
S.R.C. requirements. The successful 
applicant will be expected to register 
for the M.Phil./Ph.D. degree of the 
CNAA 


During the three years of the pro- 


ject the selected candidate will be 
based at the Polytechnic, but will, 


normally, be offered employment by 
Rolls-Royce Ltd, from October 1979 
at full salary commensurate with age 
and qualifications. 

Farther details and application 
forms can be obtained from the Head 
of the Department of Mathematics, 
The Polytechnic of North London, 
Holloway, London N7 &DB. 

2181) 


UNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF 
GEOLOGY 
C.A.S.E. STUDENTSHIP 


_Applications are invited for 
N.E.R.C.-funded C.A.S.E. Studentsh 
to be undertaken in conjunction wil 
the Institute of Geological Science 
The successful applicant will stuc 
known Rare Earth Element and Lez 
anomalies in soils and stream sed 
ments of mid-Wales in order | 
establish the chemical processes re 
ponsible for their formation. T} 
project is suitable for persons qualifie 
in either geology or chemistry. App! 
cations should be sent to Dr J. N 
McArthur, Department of Geolog 
University Coliege London, Gow 
Street, London WCIE 6BT from who 
further particulars may be obtained. 
2193(F) 


AGRICULTURAL 
RESEARCH COUNCIL 
STUDENTSHIP 
at the WEED RESEARCH 
ORGANIZATION 


There is a Postgraduate Studentsh 
available at WRO to enable honou 
graduates to study for a higher degre 

The project to be researched 
concerned with the incidence, mec 
anism and importance of vegetath 
regeneration in grassland, 

For further particulars and a 
plication form write to Secretar 
Weed Research Organization, Be 
broke Hill, Yarnton, Oxfor 
OX5 IPF, quoting 16/79. Closir 
date June 30, 1979. 2218(F) 





UNIVERSITY OF LONDON 
KING'S COLLEGE 
S.R.C. C.A.S.E, STUDENTSHI 


Applications are invited from Briti 
graduates holding a First or Upp 
Second Class Honours degree in Bb 
chemistry or Pharmacology, or fro 
British students expecting to obta 
such a degree this summer, to pursi 
research on tachphylaxis in hum 
blood platelets and its relevance 
the control of platelet responsivenes 
The studentship is held in associatic 
with CIBA~Geigy (U.K.) Ltd. 

Applications should be sent, as sac 
as possible to Professor M. C. Serutto 


Department of Biochemistry, King 
College, Strand, London WC2R 2L 
2263(F) 
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FELLOWSHIPS 


UNIVERSITY OF 
ABERDEEN 
RESEARCH FELLOWSHIP OR 
RESEARCH ASSISTANTSHIP 
IN BIOCHEMISTRY 


Applications are invited for a Post- 
doctoral Research Fellowship with 
Dr J, E. Fothergill’s research group, 
to determine the structure of the 
serine proteinase chain of Cis, the 
enzymically active part of the first 
component of complement. 


The appointment for up to 3 years 





is supported by the MRC; Starting 
date by arrangement. Salary within 
Range 1A, £4,232 to £5,321 (under 


review) with appropriate placing. 
Predoctoral applicants with suitable 
interests and experience will also be 
considered as Research Assistants 
(salary as above but within Range 1B). 


Further particulars from The Secre- 
tary, ‘The University, Aberdeen, with 
whom applications should be lodged 
as soon as possible but not later than 
September 1, 1979. 

2204(E) 


“ROTHMANS FELLOWSHIPS 


Applications are invited for 
Rothmans Fellowships, which are 
awarded under the Rothmans Uni- 
versity Endowment Fund set up by 
Rothmans of Pall Mail (Australia) 
Limited to enable Fellows to under- 
take postgraduate work within an 
Australian University. 

Rothmans Fellowships are of an 
annual value of up to $A14,000. A 
Fellow may be paid travelling expenses 
incurred in taking up the Fellowship 
and returning home. 

Ín addition, an amount of $A1,500 
per annum towards fees and expenses 
including the purchase and main- 
tenance of equipment may be paid to 
the University where the Fellow is 
working. 

A Fellow shall take up a Fellowship 

the age of twenty- 
weight. The Fellowships are open to 
wgraduates of any University who have 
Rad at least three years postgraduate 
mexperience in research. The Fellow- 
ships are not open to permanent 
mnembers of academic staff or appli- 
gants proceeding on sabbatical, study 
oor other leave (including leave without 
way). The Fellowships must be held at 
‘an Australian University. 
| Application forms and — further 
tetai may be obtained from the 
“Secretary, Rothmans University 
ndowment Fund, C/- The University 
cof Sydney, NSW 2006, Australia. 
Applications close on September 28, 

979. Information also available from 
Commonwealth Uni- 
36 Gordon Square, 
Z188(E} 


before attaining 


“Association of 
wersities (Appts), 
dondon WC1H OPF. 


ES UNIVERSITY OF DUBLIN 


Trinity Catlexe 






















A Postdoctoral Fellowship, 
supported by the National Board 
for Science and Technology, is 
offered for two years from 
October 1, 1979. The project, on 
jon-containing polymers, is jointly 
directed by J. V. McBrierty and 
J, M. D. Coey. It exploits the 
NMR and Mossbauer techniques 
to provide molecular information 
on this rapidly developing class of | 
polymeric materials. Direct ex- 
perience in some branch of mag 
netic resonance on Mossbauer 
Spectroscopy would be an advan- 
tage. 


Salary will be in the range 
£3,837 to £4,476. 
Interested persons should, in 


the first instance, telephone the 
Staff Office, Trinity College, on 
Dublin 772941, Ext. 1678 or 
Ext, 1775. 


The closing date for receipt of 
completed applications will be 
July 15, 1979, 224 1(B) 





RESEARCH FELLOWSHIP | 
IMPERIAL CANCER 
RESEARCH FUND 


We have a vacancy for a post- 
doctoral Research Fellow to join 
a group working on ageing 
and neoplastic transformation in 
epithelial cell systems in vitro. . 


Special experience in cell culture 
techniques, cell hybridisation, etc., 


an advantage. 


Appointment wil be for three 
years. Salary according to qualifica- 
tions and experience, 


Further information from Dr 
L. M. Franks (01-242 0200, ext. 
211). Applications with curriculum 
vitae and names of two referees 
should be sent to The Secretary, 
Imperial Cancer Research Fund, 
Lincoln's Inn Fields, London 
WC2ZA 3PX. 225Q(E} 





UNIVERSITY OF BRISTOL 


VETERINARY 
RESEARCH FELLOWSHIP 


Applications are invited from 
veterinary graduates for a Research 
Fellowship to investigate the physiology 
of cervical dilatation in the ewe. The 
successful applicant will join a research 
group in the Department of Anatomy 
which is currently working én problems 
of the myometrium and the physiology 
of relaxin. The group has accommoda- 
tion for sheep at Bristol and at the 
School of Veterinary Science, Lang- 
ford. It is intended that the applicant 
will employ a variety of research 
techniques in the elucidation of this 
problem, including chronic recording 


of cervical softening in vivo. The 
opportunity exists to investigate the 
histochemistry of the  glycosamino- 


glycans of the cervix. In addition, the 
Department offers a wide spectrum of 
facilities and expertise in electron- 
microscopy, electro-physiology, poly- 
peptide biochemistry, neurophysiology, 
hard tissue studies, and experimental 
surgery. 

The Fellowship is provided by thr 
Agricultural Research Council and 
awards a salary of £4,232 to £8,452 
depending upon age and experience. 
The appointee will be expected to 
register for a higher degree. 


Applications in duplicate which 
should include a full curriculum vitae 
together with the names and addresses 
of two referees should be sent to 
Professor D. G. Porter, Pre-Clinical 
Veterinary Studies, Department of 
Anatomy, The Medical School, Uni- 
versity of Bristol, Bristol BS8 ITD. 

2248(E) 


IMPERIAL CANCER 
RESEARCH FUND 
RESEARCH FELLOWSHIP 


... A Postdoctoral Biochemist or 
Molecular biologist with experience 
in DNA sequencing techniques is 
required to assist in cloning and 
to sequence biologically significant 
regions of higher eukaryotic DNA. 


The appointment will be for 
three years. Salary range £5,823 to 
£7,129 inc. L.A. 


For further information tele- 
phone Dr M. Fried (01-242 0200, 
ext. 297). Applications with curri- 
culum vitae and the names of two 
referees should be sent tọ the 
Secretary, Imperial Cancer Re- 
search Fund, Lincoln’s Inn Fields, 
London WC2, quoting Reference 
302/79, by July 30, 1979, 

225 1(E) 





UNIVERSITY OF DUNDEE 
POSTDOCTORAL 
BIOCHEMIST 


Applications are invited for a SRC 
grant-financed postdoctoral fellowship 
to work in collaboration with Dr 
D. G. Nicholls on a project whose 
aim is to establish the molecular 
mechanism by which noradrenaline 
regulates the exothermic metabolism 
of isolated brown adipose cells. For 
reviews see Biochem. Soc. Trans. 
5 (1977) 908; New Scientist, April 13, 
1978. The Neurochemistry Laboratory 
is located in the Department of 
Psychiatry, and has close ties with 
the Department of Biochemistry. 

The post is available from October 
1, 1979, but later starting dates would 


| be considered. The appointment is for 


up to two years. 

Salary within the range £4,232 to 
£4,776. 

Informal enquiries may be made to 
Dr D. G. Nicholls, Neurochemistry 
Laboratory, Department of Psychiatry, 
Ninewells Medical School, University 
of Dundee. Applications, quoting ref- 
erence EST/61/79J and containing the 
names of two referees : 
lodged with The Secretary, 
University, Dundee DDI 4HN aå soon 
as possible. 2197(E) 









UNIVERSITY OF SUSSEX 
SCHOOL OF 
BIOLOGICAL SCIENCES 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 
MOLLUSCAN 
NEUROBIOLOGY 


To work on an M.R.C.-financed 
project investigating the regeneration 
of specific neural connections in the 
snail brain. Experience in intracellular 
recording required, together with an 
interest in developmental neurobiology. 
Appointment will be for 18 months in 
the first instance, with extension 
dependent on the availability of further 
finance. 

Salary within range £4,232 to £6,627 
per annum on the Research Fellow 
grade {A scale (under review). Appli- 
cations, detailing c.v, and the names 
of two referees, as soon as possible to 
Dr P. R. Benjamin, School of 
Biological Sciences, University of 
Sussex, Falmer, Brighton BNI 90G. 

2183(E) 





THE UNIVERSITY 2 
OF LEEDS 


DEPARTMENT OF METALLURGY 
RESEARCH FELLOWSHIP IN 
ELECTRON MICROSCOPY 


Applications from suitably qualified 
candidates are invited for a tem- 
porary post of postdoctoral Research 


Fellow in the above department to 
assist in the application of high- 
resolution electron microscopy and 


microanalysis to a variety of problems 
in Metallurgy and Materials Science. 
A JEOL 120CX TEMSCAN system 
will be used. Applicants should have 
considerable experience in electron 
microscopy, ideally but not necessarily 
in the use of lattice-imaging tech- 
niques, STEM or electron probe 
microanalysis. The appointment will 
be made for a fixed period terminating 
on June 30, 1982. 


Starting salary in the range £4,333 
to £5.777 on the IA scale for Research 
and Analogous Staff (£4,333 to £7,521). 
The scale quoted is effective from 
October 1, 1979 and is subject to 
review. 


Applications, with curriculum vitae 
and the names of two referees, should 
be sent to the Registrar, The Univer- 
sity of Leeds, Leeds LS2 9JT (from 
whom further particulars may be 
obtained) not later than July 10, 1979. 
Please quote reference number 
70/4/D. 217 1(E) 


dom. Grants may be made ta pro 


assist scientific expeditions and 
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MASSEY UNIVERSITY | 
Palmerston North, New Zealand 
DEPARTMENT OF 
MICROBIOLOGY 


AND GENETICS 
POSTDOCTORAL 
RESEARCH FELLOWSHIP 
Applications are invited for a pošt- 
doctoral fellowship to study DNA 
homology among legume root nodule 
bacteria and its relationship to plant 
Specificity. Applicants should have a 
background in microbiology or 
biochemistry. Experience in microbial 
genetics and nucleic acid biochemistry 

would be an advantage. 

The post is available for three years 
at an initial salary of NZ$8,500 per 
annum. Applicants should indicate the 
earliest date on which they could be 
available. 

Further details of the position can 
be obtained from Dr B. D. W Jarvis, 
Department of Microbiology and 
Genetics, Massey University. 

Details regarding conditions of 
appointment and of the University 
may be obtained from the. Association 
of Commonwealth Universities (Appts), 
36 Gordon Square, London WCIH 


OPF, or the Registrar of the Uni- 
versity. 
Applications close July 13, 1979. 


Z2189(E) 





WEIZMANN INSTITUTE OF 
SCIENCE FELLOWSHIP 


For Researchers with Ph.D, and 
training in plant physiology, bio- 
chemistry and cell biology to partici- 
pate in a project on aspects of 
selection for pesticide resistance and 
pesticide metabolism and physiology in 
cell cultures. One year with possibility 
of renewal up to three years, 

Send curriculum vitae and names of 
two referees with request for further 
information to: 

Dr J. Gressel, 

Plant Genetics Department, 
Weizmann Institute of Science, 
Rehovot, 


Israel. WITHA) 





GRANTS & SCHOLARSHIPS 





UNIVERSITY OF SYDNEY 
THE THOMAS LAWRENCE 
PAWLETT SCHOLARSHIP 


Applications are invited from 
graduates of universities outside 
Australia who propose to undertake 
postgraduate study in the Faculty of 
Agriculture. The scholarship, which is 


valued at $A4,200 per annum, is < 
tenable for one year, but may bec | 
renewed, 


Further information and application © 
forms may be obtained from the - ` 
Registrar, University of Sydney, NSW > 
2006, Australia, with whom applica- © 
tions close on July 31, 1979, Se ae 
2185(H) = 





THE ROYAL SOCIETY ` 
GOVERNMENT GRANT 


grants 7 
second allotment of the Governme 


Grant for Scientific Investigations. for 
the year 1979. should be made not later 
than July 15, 1979 on forms of ap) 
cation to be obtained from the Ezeru- 
tive Secretary of the Royal Society 
6 Carlton House Terrace, Lond = 
SWIY SAG. ae 

Applicants must be British 
jects domiciled in the United 








sige 
a Š 





and support research in science ap 


tions; but not for personal mainten- 
ance, payment of stipends of to aid 
sclentific publications; ` -ATIRE 




















GRANTS & SCH ili 
b. —continued 


UNIVERSITY OF SUSSEX 


MARGARET GRANT 
MEMORIAL SCHOLARSHIP 


Applications are invited from young 
scientists for the first annual award 
of this fellowship established to 
promote the communication of ideas 
and techniques among cell biologists, 
biochemists and microbiologists from 


all countries. Preference will be given 


to applicants at an early stage of her/ 
his career. The award is to support 
visits to other laboratories to learn 
techniques or extend collaborative ex- 
periments. Awards will be in the 
region of £150 to £300 to help with 
travel and living expenses. Apply in 


detail to Professor S, Shall, Bio- 
chemistry Department, School of 
Biological, Sciences, University of 


Sussex, Falmer, Brighton BNI 9QG. 
Deadline: August 1, 1979. 2184(H) 








ASSOCIATESHIPS 


UNIVERSITY OF 


BIRMINGHAM 
DEPARTMENT OF 
BIOCHEMISTRY 


A RESEARCH 
ASSOCIATESHIP 


is available to assist in the production 
of monoclonal antibodies to muscle 
proteins for the study of the origins 
and diagnosis of muscle disease (sup- 
ported by a grant from the Muscular 
Dystrophy Group of Great Britain to 
Professor S. V. Perry). Salary on the 
scale £3,775 to £4,333 (plus U.S.S.). 
(Ref. BSI). 

Q A RESEARCH 

: ASSOCIATESHIP 

= js being funded by the University of 

© Birmingham to develop facilities for 
the culture of hepatocytes and the 

monoclonal production of antibodies 


= to enzymes. Salary on the scale 
els to £5,488 (plus U.S.S.). (Ref. 


. Both posts are tenable from October 
4, 1979. Postgraduate experience in 
tissue culture techniques would 
van advantage for both posts. The 
» Muscular Dystrophy funded post is 
“available initially for one year but 
with the possibility of an extension 
for a further two years depending on 
“availability of funds, The university 
-funded post. is for three years. 
Further details may be obtained 
from Miss. L. R. Hayes, Senate 
Registry, University of Birmingham, 
‘O: Box. 363, Birmingham B15 2TT. 
applications (two copies) 
returned not later than 
1979. Please quote 
rence: num im any 
py i 2209(0) 








OLARSHIPS 


BIRMINGHAM 





A RESEARCH 

ASSOCIATESHIP 
is available from October 1, 1979, to 
evaluate the application of high 
resolution two dimensional electro- 
phoresis of the protein and other 
components of human. body fluids and 
tissues in the diagnosis and study of 
the origins of neuromuscular diseases. 
The appointment :is supported by 
a grant from the Muscular Dystrophy 
Group of Great Britain to Professor 


"S. V. Perry, and. is initially for one _ 


year but with the possibility of an 
extension for a further two years 
depending on the availability of 
funds. 

Salary in the range £3,775 to £4,333 
(plus U.S.S.) depending on age and 
qualifications. 

Further details may be obtained 
from Miss Hayes, Senate 
Registry, University of Birmingham, 
P.O. Box 363, Birmingham B15 2TT, 
to whom applications (two copies) 
should be returned not later than 
Friday, July 6, 1979. 2210(O) 








AWARDS 





UNIVERSITY OF 


LEICESTER 
DEPARTMENT OF 
CHEMISTRY 


S.R.C. C.A.S.E. 
AWARDS 


Applications. are invited from 
graduates (or potential graduates) with 
a degree with First or Second Class 
Honours (Upper Division) in Chem- 
istry, or equivalent qualifications, for 
the following S.R.C. C.A.S.E. awards: 
1. “ESR Studies of Organo-halide 

Radicals’, in collaboration with 

LC. (Mond Division); and under 

the direction of Professor M. C. R, 

Symons. 

2. “Kinetics and Mechanism of 
Pyrolysis of Silacycloalkanes”’ in 
collaboration with Dow Corning; and 
under the direction of Dr I T. 
Davidson. 

3. "Preparation 
Properties of 


and Thermodynamic 
Actinide Mixed 

Oxides’, in collaboration with 
A.E.R.E. Harwell; and under the 
direction of Dr J. H. Holloway. 

4. “Chemistry of Actinide Pentafluor- 
ides and Related Compounds’ in 
collaboration with A.E.R.E. 
Harwell; and under the direction of 
Dr J. H. Holloway. 

5. “Uses of Fragmentations of Cyclic 
Sulphones in Synthesis’’ in collabora- 
tion with Oxford Chemicals and 
under. the. direction of Dr D. J. H, 
Smith. oe a 
Full details and application forms 

may be obtained from the appropriate 

directors at the Department of Chem- 
istrv, University of Leicester, LEI 

TRH. 7 22310N) 


RIAL COLLEGE OF SCIENCE AND TECHNOLOGY 
 DEPAR] [ENT OF BIOCHEMISTRY 3 


RESEARCH ASSISTANTSHIP 





“Assistant 
dying pancreatic 


is required to work with an 
endocrine function in 


position will be available from mid-July. 
be welcomed but is not essential. 


tl be within the range £3,718 to £5,333 per 





and experience) plus £502 London Allowance 


“gurriculum vitae “and the names of two 
‘soon as: possible, -to Dr Anne Beloff-Chain, 





, Imperial. College, London SW7 2AZ 
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THE UNIVERSITY 
OF SHEFFIELD 
DEPARTMENT OF METALLURGY 
POSTDOCTORAL RESEARCH 
ASSISTANTSHIP (S.R.C.) 


Applications invited from men and 
women scientists and engineers for a 
vacancy in an interdisciplinary team 
working on evaporation and fuming 
of metals. Experience of laser appli- 
cations desirable but not essential. 
Tenable to June 30, 1981. Salary up 
to £4,776 a year (under review) with 
superannuation. Write to Dr E. R. 
Buckle, Department of Metallurgy, 
The University, Sheffield Si . JD. 
‘Quote ref. R317/G. 2172P) 





UNIVERSITY OF DUNDEE 
DEPARTMENT OF 
MATHEMATICS 
Applications are invited for a 


POSTDOCTORAL 


RESEARCH ASSISTANTSHIP 


to work with Dr D. F. Griffiths in 
the. above: Department on finite 
element methods in fluid dynamics. 
The appointment will be available for 
two years from September 1, 1979 at 
a starting salary in the range £4,232 
to £4,776 (under review) depending on 
age and qualifications. 

Applications, which should include 
a curriculum vitae and the names and 
addresses of two referees, should be 
sent as soon as possible to The 
Secretary, The University, Dundee 
DD! 4HN, from whom further par- 
ticulars may be obtained. Please quote 
reference EST/18/79J. 2196(P) 


Nature Vol. 279 21 June 1979 





UNIVERSITY OF 
BRISTOL 
Department of Physics 


Postdoctoral Research Assistant- 
ships, S.R.C. funded, are available in 
specific areas of polymer science 
relating to crystallization, structure 
and properties. Basic background ir 
one of the physical sciences essentia! 
with sorne experience in the poime! 
field and/or structure techniques. 

Applications to be addressed t 
Professor A. Keller, H. H. Wilk 
Physics . Laboratory, University ol 
Bristol, Bristol BS8 ITL. 2216(P) 





UNIVERSITY OF 
OXFORD 


{Inorganic Chemistry Laboratory 
POSTDOCTORAL RESEARCH 
ASSISTANTSHIP 


Applications are invited for an SR¢ 
Research Assistant to study surfac 


chemical reactions using Imagin, 
Atom Probe Field lon Microscopy 
Previous experience in surfac 


chemistry or the use of field electro 
or field ion emission techniques wouk 
be advantageous although of greate 
importance would be a desire t 
participate in the development an 
application of an interesting nev 
technique for surface studies. 

The appointment would be for tw 
years in the first instance, preferable 
from October 1, 1979. The startin 
salary range would be £4,232 t 
£4,776. 

Applications, accompanied by th 
names of two referees, should be sen 
to Dr G. K. L. Cranstoun, Inorgani 
Chemistry Laboratory, South Park 
Road, Oxford, OX1 3QR, from whor 
further particulars may be obtained 

2230(P) 
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COURSES 


en 


EUROPEAN SCIENCE FOUNDATION 


EUROPEAN TRAINING PROGRAMME 
IN BRAIN AND BEHAVIOUR RESEARCH 


E.T.P. WINTERSCHOOL 1980 
“PAIN” 


The E.T.P. Winterschool is a one-week lecture course which 
is being organised and financed entirely through the European 
Training Programme in Brain and Behaviour Research. The 
eighth Winterschool will take place in Zuoz (Switzerland) from 


January 5 to 


12, 1980. Lectures and round table discussions 


will be held on the central topic of “Pain”. 


The following speakers have been invited: S. 


Andersson 


(Göteborg); M. R. Bond (Glasgow), D. Bowsher. (Liverpool); 
G. Carli (Siena); M. von Düring (Bochum); A. Fanchamps 
(Basel); H. U. Gerbershagen (Mainz); H. Handwerker (Heidel- 


berg); J. van Hees (Leuven); 


(Edinburgh); W. Jänig (Kiel); 


Nathan (London); P. Procacci 


A. Struppler (München); L. 


(Prague); P. Wall (London); 


A. Herz (München); A. Iggo 
U: Lindblom (Huddinge); P. W. 
(Florence); J. Siegfried (Zürich); 
Terenius (Uppsala); L. Vyklicky 
M. Zimmermann (Heidelberg). 


The Scientific Organiser of the 1980 Winterschool is Professor 
R. F. Schmidt (Dept. Physiology, University of Kiel). 


The deadline for the submission of completed applications is 
September 15 and successful applicants will be notified by the 


| end of October. 
_may be obtained from: — 


Application forms and further information 


Dr Stephanie Zobrist 
European Science Foundation 


European Training Programme in 
Brain and Behaviour Research 

1, quai Lezay Marnésia 

F-67000 STRASBOURG 


“FRANCE — 


Tel: (88) 35 30 63° 


Telex 890440 


W186(D) 


rap ‘House, Southwark Street, S.E.1 IUN and J. W. Arrowsmith Ltd, Bristol. Printing: Web Offset by The Chesham Press Limited, Chesham, 


on EC4A 1EB, and published by MACMILLAN JOURNALS LTD. at 4 Little Essex Street, London WC2R 3LF. — 21 June, 1979. 





NEW 
| PROSTAGLANDINS 










6-Keto-PGF ,, 
[5,8,9,11,12,14 15-3H(N) ee 
NET-615 


PGi [9-3H(N)] - (Prostacyclin) 
NET-618 


Dihydro-15-keto-PGE.,13,14-, 
[5,6,8,1112,14-3H(N)]- NET-617 


PGD2,[5,6,8,9,12,14,15-3H(N)]- NET-616 


Thromboxane-B., [5,6,8,9,11,12,14,15-3H(N)]- 
NET-603 

Also: PGA, PGB, PGE, PGF, [5,6-3H(N)- 
PGA2, PGE, PGF, ,(5.6,8,9,11,12,14,15-3H(N)]- 
PGE; PGE», PGF,,, PGF, [1-4C}- 
PGF», [9-3H(N)]- 


New England Nuclear 


® 249 Albany Street, Boston, Mass 02118 
Call toll-free: 860-295-1572 
{in Massachusetts and international: 617-482-9894) 


NEN Chemicais GmbH. Dreieich, W Germany; NEN Canada Lid, Lachine, Quebec 


Circle No. 04 on Reader Enquiry Card. 


The 
First Labeled 
LIPID-LINKED | 
SUGAR 


MANNOSYL DONOR TO LIPID-LINKED 
OLIGOSACCHARIDE INTERMEDIATE 
Dolichyt monophosphomannose, ammonium salt, 
[Mannose-1-3H(N}]-  0.2-2.0Ci/mmol 

Chloroform: methanol, 2:1, in sealed ampoule, 
shipped in dry ice. 

NET-609 5uCi 


Also available: 

GDP mannose, [mannose-'4C(U)]- NEC-536 
GDP mannose, [mannose-1-3H(N)]-  NET-558 
UDP glucose, [glucose-4C(U)]- NEC-403 
UDP aah [glucose-13H]- NET-384 





Mot for humans or chnical diagnosis. 
} New England Nuclear 
e 


5349 Albany Street, Boston, Mass. 02118 
Cail toll-free: 800-225-1572 
(in Massachusetts and international: 61 7-482-6505) 


NEN Chemicals GmbH, Dreieich, W. Germany: NEN Canada Ltd., Lachine, Quebec 


.. Girele No. 05 on Reader Enquiry Card. 





| @1971 through 1978 available 
@ assist quick, easy reference to the 


year’s papers, listing by both 
author and subject 


@ easily accommodated in Nature 


binders 


Prices 
UK 5.00 each 


Rest of World US$10.00 each 


(Payment may be made in any currency at the 
prevailing exchange rates. Cheques should be made 
payable to Nature. All prices include postage.) 


aE E 
Order form 


To: Macmillan Journals Ltd, Brunel Road, 
Basingstoke, Hants, England RG21 2XS 








Please send me Nature indexes 
in the quantities shown. 
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The new 


BDH NPK Soil Testing 






an ideal mea 


Kit provides 
ns of 


determining fertiliser 
requirements 
for a variety of 
field crops. 










Developed in coll 








Full details available from 











Tel: (02 
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Monsoon 
meteorology 

















Aminopeptidase M 
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Carboxypeptidase Y 





Cathepsin C 
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Chymotrypsin A 


cau 
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ht 


mouse! 


known to be the best source of an arginine specific protease from the 
submaxillaris glands, available under Cat. No. 269 590. 


one male 


In addition we present: 
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Clostripain Pepsin 
Collagenase o Protease (nonspecific) | 
from Streptomyces greys 
Apane ee Proteinase K 
Elastase  ——s_——C_C«~Pyrrogiutamate aminopeptidase _ 
Ficin Subtilisin 

Leucine aminopeptidase Thermolysin —_—~ 
Papain Trypsin 








For details please ask your local representative or: 


Boehringer Mannheim GmbH 
Biochemica 


z 

ak 

con SERR 

c boehringer P.O.Box310120 
c \ | D-6800 Mannheim 
5 A W. Germany 
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Cover picture 


In the review article this week D. Cadet 

discusses the meteorology of the Indian 
- monsoon. See page 761. 

Photo: Alfred Gregory 
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Problems of civil service pay comparisons 745 

US to ‘rationalise’ health and safety regulation in the interest of profits _ 746 

Sun should provide 20% of US energy, says Carter 747 — 
Senate vetoes plan for Third World research agency _ 747 — 
SALT warning on MX missiles decision ee 748 
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UK scientists wait anxiously for £7.5m share-out O O W 
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Urban deprivation in the heart of the Amazon 
Asian scientists agree : on development issues 
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Meteorology of the Indian summer monsoon D. Cadet 761 S 
ARTICLES 
How tidal heating in Io drives the galilean 
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A twin-jet model for radio trails M.C. Begelman, Mid. Rees 

l and R.D.. Blandford k 770 
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Sequence, structure and activity of 
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the Earth’s atmosphere and climate 


Permo-Triassic and Jurassic “Ar—?9Ar ages from 
Greek ophiolites and associated rocks 


Geological significance of 


a Middle Cambrian fauna from Antarctica — f and M. R. A. Thomson 


R. Barsbold — 


Opisthopubic pelvis in the carnivorous. dinosaurs 
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Effect of salivary glands - Bas 
on wound contraction in mice 





Normalisation of sister chromatid 
exchange frequencies in Bloom’s 


| E.M. Bryant, Hoem g 
syndrome by euploid cell hybridisation od 


` and G.M. Martin — 






VECTOR LABORATORIES, INC. 


INTRODUCES : 


eee : LE CTINS = BIOTINYL — ANTI BO DY 


FOR USE IN THE HIGHLY-SPECIFIC, ULTRA-SENSITIVE 


BIOTIN/AVIDIN SYSTEM 
A NEW SANDWICH TECHNIQUE 


PRINCIPLE: Avidin, a 68,000 molecular weight glycoprotein found in eggs, has an eira 
ordinary affinity® far the small molecular weight vitamin, Biotin, Couptinie Botin te ary prir 
tein gives that protein the ability to bind Avidin. Avidin conjugated with Ferritin, Piuoresceat, 
Rhodamine ot Horseradish Peroxidase can be used to localize BiotinybAntibudy ot Biegi b 
Lectins after they fave bound to their receptors. 




























"Over ome million limes higher than most antigen-antibody interd Wars 


THE BIOTIN/AVIDIN SYSTEM has several advantages over direct coupling of the 
marker to antibody. 

+% Improved Sensitivity 

è Reduced non-specific binding 

® Elimination of steric hindrance problems 

e instantaneous complex formation 

® High complex stability 






Ethanol 
liquid « 


¥ 


è Simultaneous use of several markers eli S 
ə Biological processes unaffected 





With Bio Serv’s ISO CAL liquid diet you ; 
can pair feed animals, absolutely ` 
controlling their Ethanol and sueddonal 
intake. Our formulas, based on the work 
done by Lieber/DeCarli, et al, feature 
new developments in suspension 
technology and custom formulation. Our 
specially designed Ethanol drinking tube 
permits precise control of the formula and 
delivers the exact measurement of that 
amount. Why not send for our free catalog 
today and remember to compare prices before 


you buy! 


e Wide applicability 


[BAS] REAGENTS INCLUDE: 
Biatinyl-Anti-immunoglobulin antibody 
Biotinyl-Lectins 
Fiuorescein-Avidin 
Rhodaniine-Avidin 
Horseradish Peroxidase Avidin 
Ferritin-Avidin 
Agarose-Bound Avidin 


These [BAS] Reagents are available individually orin ki form. 
INQUIRE ABOUT OUR CUSTOM BIOTINYLATION SERVICE, 


For further information and a catalog of [BAS Reagents and over TOB Lestin and related 
Biachemicals, please phone ur write: 
VECTOR LABORATORIES, INC. 
1479 ROLLINS ROAD 
BURLINGAME, CALIFORNIA 94010 Dl ia a 
(445) 348-3747? W NEW JERSEY 


Circle No. 05 on Reader Enquiry Card. | Circle No. 06 on Reader Enquiry Card. 












Cyclic AMP and cyclic GMP kits 


è simple, sensitive and specific 


è measurement of levels in tissues, 


| 
Cyclic 
| E urine and plasma 
Nucleotides è measurement of adenylate and 


guanylate cyclases 


High specific activity compounds 


@ for your own assays of cyclic AMP 
and cyclic GMP 


è for assays of nucleotidy! cyclases 














Th R di h . l C ; il informoanos is avaliable on request. 
e : Q IOC emica en re The Radiochemical Cante limited, Amersham, Er hone. (7a 04 dAådå. 
e E A T 


A RRA, 


in the Americas: Amersham Coporanon, PRES & 


Amersham in W. Germany: Amersham Buchler Gmbh & Ce KG Braunschowes 
| Circle No. 03 on Reader Enquiry Card. 
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Guide to authors 


@ Review articles should be oe 
at a relatively wide readership. 

Many reviews are invited, but 
submitted articles may also be accepted; 
it is advisable to consult us before 
writing a review article. 

@ Articles may be up to 3,000 words 
long with at most six displayed items 
(figures and tables); they are reports of 
major research developments. 

@ Letters are brief reports of original 
research of unusual and wide interest, 
not in general longer than 1,000 words; 
they have at mosi three or four 
displayed items, 

@ ‘Matters Arising’ permits short _ 
discussion (up to 300 wor ds) of papers 
that have recently appeared in Nature. 


Articles should be accompanied by an 
abstract of not more than fifty words. 
Letters should begin with a paragraph 
giving the background and main 
conclusions in terms intelligible to as 
wide a readership as passible. 

Manuscripts may be submitted either 
to London or New York. Three 
typed copies should be submitted, each 
including lettered copies of figures. 
Typing (including references) should be 
double spaced. The tide should be 
brief and informative. Pages should 
be numbered. References, tables and 
figure legends should start on separate 
pages, Experimental detail vital to the 
paper yet which would interrupt the 
narrative is best placed in the figure 
legends. Units should conform to the 
Systeme International. Greek 
characters should be identified in the 
margin on their first appearance. 
Equations should occupy single lines 
if possible; exp (a) is preferred to ef if ‘a’ 
is More than one character. 

References are indicated by 
superscripts in the text. Sce any 
contemporary Nature for style, but note: 

(i) only one reference number need be 
used if the reference is to several papers 
by identical authors. 

(ii) first and last pages of references 
should be cited. 

Abbreviations should follow the 
World List of Scientifie Periodicals, 
fourth edn (Butterworth, 1963-65). 
Symposia are often difficult to refer to 
and only published or soon-to-be- ` 
published volumes should be mentioned 
in references. Their publisher and place 
of publication should be clearly indicated. 
‘Personal communication’ and ‘unpub- 
lished’ should be incorporated in text. 

Artwork should be sent with the 
manuscript and clearly marked with 
author’s name and the figure number. 
Line drawings should be either 
photographic prints or in Indian ink on 
heavy cartridge paper, tracing paper or 
similar materials. Most figures are 


reduced to one column width so originals 


should be about as wide as a page of 
Nature, To enable figures, particularly 
maps, to be edited in the same style as the 
text, they should contain only essential 
material. Ideally, an unaltered original 
and three lettered copies should be 
provided; labelling on half-tones should, 
if possible, be avoided entirely. 
Magnifications quoted should be for 
the figures as submitted. We are always 
glad to see artwork for possible use on the 
cover, but cannot guarantee its return. 
In order to save on postal expenses we 
return only the top copy and artwork of 
manuscripts that we cannot publish. 


Nature’s publishing policy is outlined. 
in 258,1 (1975)and 264, v, 11 Nov. (1976). © q 


| The role of platelet-activating | 


4. Human brain tumour cell strains with ~~ 
| ficient host-cell reactivation 
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C.H.J. Ziolkowski s 797 

> M. Chignard, J.P. Le Cuuedic. 
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JD, Young, M. W. Wolowyk | 
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-of N-methyl-N-nitro-N-. ; 
nitrosoguanidine-damaged | adenovirus 5 








factor i in platelet aggregation 


Meee heinien aaa rnna eh 


Sodium-dependent cysteine 
__transport in human red blood cells _ 


Ca-stimulated ATPase in brush border . 
and basolateral membranes of rat W.E.J.M. Ghijsen : 
‘duodenum with high affinity sites for Ca ions - and C.H. van Os —. 802 


nn ianen 


Vanadate blocks cyclic AMP-induced _ 
stimulation of sodium and water | 





R.C. de Sousa and 


transport in amphibian epithelia ae A Grosso a 2 803 
Neuronal localisation of immunoreactive i J. Alumets, R. Hakanson, ‘h 
: enkephalin and p-endorphin i in the earthworm F. Sundler and J. Thorell _ 805 


Thermal activation of the visual K.-W. Yau, G. Metthews : 
transduction mechanism in retinal rods = `: dnd D.A. Baylor ~ 806 
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Photoinduced electron transport 
across phospholipid wall 


of liposome using methylene blue _ Y. Sudo and F. Toda i 807 
Sequence divergence of rainbow trout. protamine mRNAs; 

comparison of coding and non-coding nucleotide 
_Sequences in three protamine cDNA plasmids _ J.R. Jenkins i 809 
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Problems of civil service pay comparisons 


Last Friday, many tens of thousands of scientists and 
technologists, members of the British Civil Service, went on strike 
for a day. More action — withdrawal of goodwill and selective 
strikes —- is promised by the Institution of Professional Civil 
Servants (IPCS), which represents about 90% of the civil servants 
in the relevant categories. For the majority of those who obeyed 
the strike call, a day away from work probably provided a 
welcome opportunity to catch up with some reading, secure in the 
knowledge that the nation’s scientific and technological future is 
hardly put in jeopardy by a day’s absence. But IPCS does have 
muscle; although its officials were at pains to point out that the 
day was one of protest not disruption, highly visible disruption 
there certainly was in the area of air traffic control. 

Few of those involved in the strike action can have gone as far as 
this before — what caused the normally moderate and restrained 
IPCS to use its ultimate weapon? The answer, put simply, is pay, 
and in particular comparisons between the pay of civil servants 
and their counterparts outside the service. IPCS negotiates with 
Civil Service Department (CSD) officials (ultimately with the 
Minister of State for the Civil Service Department, Mr Paul 
Channon) over salary. There was a time when the pay for each of 
the many grades of scientist and technologist was established by a 
process of ‘pay research’ —- painstaking comparisons were made 
between industry, commerce, the professions and the Civil 
Service in order to decide a fair level of remuneration. On the 
whole these comparisons were based on median salaries outside 
the Civil Service, but there was one significant exception — the 
Professional and Technological group of employees, (not the 
scientists), numbering about 40,000. Traditionally their pay 
settlements had been at well above the median of outside salaries 
on the basis that many outsiders, in fields such as architecture and 
surveying, were in business by themselves and not included in the 
comparisons, that there were heavy responsibilities and demands 

-of very high quality on civil servants and so on. 

Severe pay restraint from 1975 onwards meant an 
abandonment of pay research at a time when Civil Service salaries 
looked good — even better if pensions’ provisions and stability of 
employment were allowed for. Since that time there is little doubt 
that the scientists and technologists in the Civil Service have lost 
their edge on salaries, and as pay research has gradually come 
back into action the extent of the increases necessary to bring civil 
servants back into line has become apparent. The Professional 
and Technology grade has been offered comparability with the 
median (raises of between 15% and 22%) rather than 
comparability with a figure well above the median — CSD 
rejected IPCS demands that the former grounds for favourable 
treatment be retained. 


It had already been agreed that the Science Group (around 
17,000 people) should not go back into pay research comparisons 
until 1980, and last year CSD declared in writing that it was 
‘context to accept’ IPCS’s proposal that for 1979 scientists’ pay 
should be linked to that of. administrators. But when 
administrators got an increase of 25% or more, CSD were 
unwilling to match the salaries for scientists. It has since done so 
(on 15 June) but only on condition that future pay for scientists 
should be based on pay research, even if this should lead to salary 
reductions next year, and that P & T grades would also abide by 
pay research (at the median, presumably). 

What is behind all this? On the P & T side it is clear that the 
Government is unconvinced that settlements above the median 
are now called for, believing that they were based on a small 
number of special cases. On the Science side, there seem to be 
unambiguous warnings that the 1980 recommendations from pay 
research are not going to be very good news; one CSD official 
commented that there was a possibility that pay research, 
although not for implementation until 1980, ‘might be relevant to 
the course we should take in 1979’. In other words, brace 
yourselves for a nasty shock. 

There is a real problem here. The heart of the Scientific Civil 
Service is the two thousand or so Principal Scientific Officers. 
This is a level up to which many scientists will be moved in their 
late thirties but out of which relatively few will be promoted. So 
most PSOs will work at this grade for twenty years or more. 
Scientists outside the Civil Service are unlikely to be in anything 


ike the same situation, so pay research. comparisons at the PSO 


level (and maybe even just below it) are difficult, to say the least. 


AS a consequence this may lead to depressed saiaries. 


That scientists and technologists need a pay boost is beyond 
doubt; the steady trickle of young computer people, for example, 
out of the service and into industry has to be stopped. But on the 
other hand salaries which look so good in. comparison with 
industry when that industry is denuded of good people 
undoubtedly jeopardise Britain’s industrial future. So some fine 
balancing has to be done. . 

What is in danger of being lost, however, in the heightened 
temperature of a strike, is the long-term need for a very serious 
review of the use that the nation should be making of its older 
scientists. It keeps them in laboratories well beyond the time many 
of them can (by their own admission) make an adequate 
contribution; their way into other parts of the Civil Service is 
barred, despite the benefits that numerate, scientific thinking 
might bring. As part of any settlement, IPCS and CSD ought to 
agree to look very carefully at the problem of the Principal 
Scientific Officer. K E 
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US seeks to ‘rationalise’ 
health and safety regulation 
in the interest of profits 


The role of science in the regulatory process was a central theme 
in a meeting on science policy held last week by AAAS. 


David Dickson reports 

THE Carter administration is launching a 
concerted effort to rationalise its 
environmental and health regulatory 
mechanisms in a way that will ensure these 
mechanisms do not sap the vitality of the 
private sector. According to Mr Bowman 
Cutter, head of budget affairs in the 
Office of Management and Budget, the 
administration’s overall aim is ‘‘to 
promote a structure in which decisions 
{about future investment] can be made 
rationally.” 

Precise details of the administration’s 
proposals are expected to be announced 
shortly. Various alternatives are included 
among a list of possible decisions now 
facing President Carter on ways to 


stimulate industrial innovation, the results 


of a year-long study by the Department of 
Commerce. 

However the general philosophy of the 
administration’s approach was outlined 
by three of its principal architects — Mr 
Cutter, Dr Frank Press, director of the 
Office of Science and Technology Policy 
and Dr Jordan Baruch, assistant secretary 
of commerce — at a meeting on federal 
research and development policy held last 
week by the American Association for the 
Advancement of Science. 

From this it emerged that a major 
emphasis will be placed not on ways in 
which direct intervention can aid 
innovation in private firms, but on ways 
of stabilising and ‘‘rationalising’’ the 
decision-making environment. And where 
the Commerce Department’s report has 
provided the rationale, OMB has been 
studying institutional changes that will 
help make this possible, and OSTP 
looking at ways in which science and the 
scientific community can contribute. 

Indeed having done much to set basic 
research funding on its feet in the first two 
Carter budgets —- Mr Cutter told the 
AAAS meeting that basic science could 
expect a further modest amount of real 
growth in the 1981 budget — the role of 
science in the regulatory process has now 
become a central concern to OSTP. 

Many companies blame excessive 
regulation as one reason for the poor 
performance of the US economy. 
‘Industry has been compelled to spend 


more and more of its research dollars to’ 
comply with environmental, health and 


safety regulations —- and to move away 
from longer-term efforts aimed at major 


scientific advances” is a typical complaint’ 


from Rawleigh Warne Jr., the chairman 
of Mobil Oil. 
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administration, 


The problem facing the administration 
is that much of this regulation has been 
mandated by Congess. It is therefore 
suggesting, not less regulation as such, but 
that a distinction be made between 
necessary and ‘“‘unnecessary’’ regulation 
~—- a distinction whose validity is 
questioned by many trade unionists — and 
that the regulatory burden be rationalised 
by cutting out the latter. | 

“Society has made decisions to 
repurchase clean air and water and to 
protect the health of workers,’’ Dr 
Baruch, who was responsible for co- 
ordinating the Commerce Department 
study, told the AAAS meeting. “‘It is 
imperative that we do not sacrifice the 
goals of those decisions, but ask how they 
can be made compatible with the desire to 
stimulate innovation.” | | 

Dr Cutter described the significant 
impact such regulatory decisions have had 


-on the political landscape. “Prior to the 


1960s regulation was largely economic. 
But subsequently a very new form of 
regulation has begun to be developed link- 
ed to central social objectives,” Mr Cutter 
said. 

Similar points were made by Dr Press 


(in a speech delivered by OSTP associate 


director Dr Phil Smith), who criticised 
current regulatory efforts as being 
‘‘highly-segmented, wide-ranging in 
impact, economically important, highly 
politicised, very aggressive, relatively 
independent, and almost totally unco- 
ordinated.”’ 

Specific characteristics, he 
included that existence of distinct 
regulatory regimes, tough legislative 
mandates, single priority objectives with 
less consideration to other impacts 
(especially costs), the delegation of 
authority to separate agencies, and ‘‘a 


lack of any mechanism for weighing the 
` overall impact of the sum of the separate 


programmes.” 

A major goal of the 
which had already 
implemented various activities to remedy 
this situation, was “improved care and 
rationalism, in both substance and 
process” he said. One area in need of 
improvement was the uniform application 
of scientific principles in the regulatory 


process. Another was the possible use of 
neutral experts to help “fence in” — 
controversial areas so that debates on — 
regulation ‘‘can be confined to legitimate 


differences in values.” 
University researchers could play an 


said, 


present 


Nature Vol. 279° 28 June 1979. 





‘We figured the more regulators there were, the 
less they'd bother us — and it works!” 


important role in these type of fields, he 
said, for example through campus based 
research centres. And there was no need 
for regulatory programmes to inhibit 
socially desirable innovations. 

Both Dr Press and Mr Cutter admitted 
that rationalising the regulatory process 
was unlikely to be an easy task. Last year, 
for example, OMB had brought together 
seven agencies to compare their various 
programmes on toxic substances. But Mr 
Cutter admitted that the results of the 
exercise had been ‘‘not too successful’’, 

This, he said, was partly due to 
substantial differences in objectives 
between the various bodies, with 
regulatory agencies, for example, claiming 
that the need to fulfil legal mandates was a 
principal reason for doing research, while 
basic research agencies gave highest 
priority to the expansion of knowledge. 

“We will have to continue work on this. 


Research on the impact of regulation must 


increase; but before we do this, the federal 
government will have to get its house in 
order so that we know what we are 
spending money on and why we are doing 
it,” Mr Cutter said. 

Both speakers also agreed that the 
current position of ‘‘social regulation” 
was similar to that of economic regulation 
prior to the establishment of OMB by the 
Budget and Accounting Act of 1921, 
which for the first time brought the 
budgets of the various federal agencies 
together under direct presidential control. . 

Sceptics point out, however, that this 
act provided Presidents Harding and 
Coolidge with both the means and the 
authority to slash federal spending and 
keep it down, with total expenditures 
dropping from $5.1 billion in 1921 to $3.4 
billion in 1922, and remaining low until 


_ the end of the decade. They are hoping 
` that history will not repeat itself too 


closely. ET 
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Carter aims at 20% solar energy 


PRESIDENT Carter last week unveiled a 
package of proposed legislative measures 
designed, he said, towards meeting a 
national goal of 20% of US energy needs 
coming from solar and renewable re- 
sources by the end of the century. 

Among the proposals are the setting up 
of a $100 million solar energy bank to 
subsidize the interest on loans and 
mortgages made to home-owners and 
businessmen to install solar energy 
devices; extensive tax credits for solar 
installations; and the shift in emphasis 
from demonstration programmes of high- 
cost centralised solar electric technologies 
to ‘those systems which hold wider 
potential to displace the use of oil and 
natural gas’’. 

As a result of these new programmes, 
the total commitment of the federal 
government in 1980 to solar energy will be 
more than $1 billion, ‘ʻa significant 
milestone for our country’’, the President 
said in a message to the Congress listing 
his proposals. 

However the President’s decision to 
fund some of the developments, including 
in particular the solar energy bank, from a 
tax he is proposing on the ‘‘windfall 
profits’’ expected by oil companies as a 
result of recent price increases, has been 
attacked by environmentalists as a 
political move to gather support for the 
proposed tax, and thus putting the solar 
efforts in jeopardy. 

In deciding on an ambitious target of 
20% solar energy by 2000 — of which one 
third may come from solar heating, one 
third from solar cells, and the rest from 
sources such as hydropower, windpower 
and the conversion of waste products into 
energy — the President had had presented 
to him a range of options, some of which 
placed the target much higher. 

But Dennis Hayes, a research fellow at 
the Worldwatch Institute in Washington 
and a leading advocate of solar power, 
told a House subcommittee the previous 
week that the cost of the higher options, 
which administration officials had 
estimated to cost $113 billion to reach a 
solar contribution of one-third of the US 
energy needs by 2000, had been 
substantially overestimated, and that in an 
era of fiscal frugality the high estimate 
had been a ‘‘kiss of death” to more 
ambitious plans. 

The main proposals in the President's 
programme are: 

@ a 20% tax credit up to $2,000 on new 
houses built to maximise the use of the 
sun’s energy through ‘‘passive’’ designs 

@ a tax credit for commercial and 
multi family buildings of $20 per million 
Btu saved beyond energy standards for 
large buildings 

@ increasing from 10 to 25% the tax 
credit for solar equipment designed to 
provide heat for industrial and 
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agricultural purposes such as drying crops 
@ a 15% tax credit for the purchase and 
installation of air-tight woodburning 
stoves in principal residences 

© a permanent exemption from the 4- 
cents-a-gallon federal gasoline tax on 
gasohol, a mixture of 90% gasoline and 
10% alcohol. 

The response of environmentalist groups 
to the President’s proposal however has 
been little more than lukewarm. Many of 
his suggestions, they point out, are 
already being pursued by individual 
legislators, while linking the solar bank to 
the energy trust fund, itself a highly 
controversial proposal in Congress, is, 
they claim, an unnecessarily risky move. 

Many also doubt whether the amount 
of money which the President proposes to 
spend on solar energy is sufficient to head 
toward the goal by 2000 that he has set the 
nation, especially when compared to the 
amount of money that continues to be 
spent on the development of other energy 
resources such as nuclear energy. 

“The proposed programme is a big 
disappointment to us; the President is 
talking about a minimal 5% spending on 
solar energy compared to other energy 
sources to reach an ambitious 20% goal,” 
said Herb Epstein of the Solar Lobby, 
adding that his and other groups would 
seek to have the financial support and tax 
credits substantially increased as the pro- 


m 


posals passed through Congress. [ 





Here comes the sun: research on solar cells using 
a fresnel lens at the Sandia Laboratory 
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Senate vetoes plan 
for Third World 
research agency 


CONSERVATIVES in the US Senate, quoting 
the need to restrain both public spending 
and the growth of the federal 
bureaucracy, have rejected President 
Carter’s proposal to establish a new 
institute for scientific and technological 
research related to the needs of developing 
countries. 

The Senate’s action is not necessarily 
fatal to the plans for the institute, 
provisionally known as the Institute for 
Scientific and Technical Cooperation 
(ISTC). The House of Representatives 
last month defeated a similar move to kill 
the institute; and the legislation 
establishing it may therefore well be 
restored when Senate and House 
conferees meet next week to resolve 
differences before the relevant parts of the 
foreign aid bill become law. 

However the Senate’s decision took 
many of the institute’s supporters by 
surprise, being described in terms ranging 
from ‘‘shock’’ to ‘‘disaster’’. ‘‘The 
decision is certainly very disappointing, 
and has effectively derailed the ISTC at 
the present time, although we hope that it 
will not turn out to be decisive,” Dr Ralph 
Smuckler, head of the institute’s planning 
office, told Nature last week. 

One effect has been to cast a shadow 
over US preparations for the United 
Nations Conference on Science and 
Technology for Development, at which 
ISTC is planned to be a centrepiece in the 
US presentation. There is some concern 
that, in an attempt to appease the critics, 
the administration might be tempted to 
water down the proposal and tie it more 
closely to existing programmes and 
agencies — a move which, some fear, 
could seriously diminish the credibility of 
the institute in the eyes of many Third 
World countries. 

It has largely been in response to 
inadequacies in current aid programmes 
that the idea of an institute specifically 
devoted to scientific research on Third 
World issues fas been discussed in 
Washington and elsewhere since the mid- 
1960s, most recently in a report from the 
Brookings Institute. 

Following these discussions, President 
Carter announced in a speech in 
Venezuala last March that he was 
proposing setting up a new institute with 
two main aims: to focus scientific effort 
on specific problems facing Third World 
countries, in areas such as health, 
medicine and agriculture, as well as 
‘‘global” problems such as energy and the 
environment; and to assist developing 
countries in establishing their own 
research capabilities as a necessary step 
towards modernisation. 

[he principle of working towards these 
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two objectives has received wide support 
from virtually every sector of the US 
scientific and political community. The 
main point of dispute, however, has been 
Over appropriate procedures, and 
specifically the extent to which such 
activities should be tied to the policy 
directions of other institutions. 

The administration has argued publicly 
that although ISTC will be conceived as 
part of an overall development assistance 
Strategy, the existence of a council of 
advisers to the ISTC’s director will 
provide sufficient autonomy; and, 
privately, that anything giving greater 
Third World involvement in decision- 
making — along the lines, for example, of 
Canada’s International Development 
Research Center — would fail to gain 
Congressional support. 

During last week’s debate, the Senate 
rejected an amendment proposed by 
Senator Adlai Stevenson to increase the 
institute’s autonomy by making the 
directors responsible to a board of 
directors. Although this proposal has 
been widely supported in the academic 
community, the administration claimed 
that it would weaken the links to other 
development efforts. 

Supporters of the bill had spent 
considerable time putting their case 
against the Stevenson proposal. In doing 
so, it turned out that they had paid 
insufficient attention to the threat from 
the other direction, namely a growing 
conservative constituency in the Congress 
pledged to cut public expenditure and the 
federal bureaucracy. 

These were the forces that provided 
support for an amendment from Senator 
Dennis Deconcini, a Democrat from 
Arizona, proposing that the legislation 
setting up the proposed ISTC be removed 
entirely from the International 
Development Assistance Act for 1980. 

“At a time when the American people 
are themselves struggling to make ends 
meet, bescause of spiralling inflation and 
the beginnings of what promises to be a 
substantial recession, we can ill afford 
another well-intentioned but expensive 
agency to study and coordinate the 
problems which are all too depressingly 
familiar,” Senator Deoncini said. 

Although the funding requests 
associated with the institute were not 
great — the administration is initially 
asking for an additional $25 million to 
support the institute’s activities in the first 
year, most of its budget resulting from the 
transfer of research projects under way in 
the Agency for International Development 
(AID) — it would subsequently devour tax 
dollars at an ever-increasing rate, he said. 
If the new agency was a response to 
shortcomings in AID, then improvements 
should be made in AID, rather than 
creating a ‘‘whole new bureaucracy”. 

Senator Deconcini was joined by 
Senator Robert Dole of Kansas, who 
referred to reports appearing in the 
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national press that the United Nations 
currently holds a substantial amount of 
operating funds in low-interest bank 
deposits. ‘‘We do not need to solve 
another social problem by throwing more 
money at it — particularly at a time when 
similarly destined money is presently 
being wasted,” he said. 

Supporters of the administration 
proposal replied to such charges by 
claimine that the ISTC would 
considerably increase the effectiveness ot 
US aid efforts. but in the end their 
arguments failed to carry sufficient 
weight; and the amendment rejecting the 
institute from the aid bill was agreed by 58 
votes to 42 — a margin which is said to 
have taken even the amendment’s 
supporters by surprise. 

‘It was essentially a conservative vote, 
with people in the middle whose support 
we had previously been counting upon 
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arguing that the line on spending had to 
be drawn somewhere, and choosing this as 
the issue on which to do it,” 
one administration official told Nature 
last week. 

The precise fate of ISTC will not be 
known until representatives of the House 
and the Senate meet in the near tuture to 
negotiate over their differences on the 
foreign aid bill, in order to come up with a 
form that will be acceptable to both sides 
and can therefore be signed into law. The 
hope is that the conferees will agree to 
keep the institute in, possibly in return for 
cuts elsewhere. 

But the restoration of funds is by no 
means certain. As one Washington 
lobbyist said last week: ‘‘Congress seems 
to have gone crazy this year in its desire to 
cut the budget; and the things that are 
easiest to cut are the things that are relate 


ry 


to overseas.” go 





Mutual applause: Carter and Brezhnev after the SALT treaty 


SALT warning on MX missiles decision 


ALTHOUGH urging support for the 
Strategic Arms Limitation Treaty recently 
signed by President Carter and President 
Brezhnev in Vienna, the Arms Control 
Association has warned that the benefits 
of the treaty will be undermined by the 
administration’s decision to proceed with 
research and testing of a new generation 
of mobile missiles, known as MX. 

In a statement released last week in 
Washington, the board of directors of the 
association say that, despite the closing of 
US intelligence bases in Iran, it considers 
the SALT II treaty to be adequately 
verifiable — a central issue of debate in 
the US Senate — and urges its 
ratification without substantive change. 

However the ACA also expresses 
concern at the implications of the 
administration’s recently announced 
plans to proceed with the design, 
development and deployment of the new 
MX missiles — possibly housed in and 
launched from underground trenches or 


from holes on a ‘‘shell-game” principle — 
as a response to the increasing accuracy of 
Soviet weapons. 

Criticising the lack of controls over 
increasing accuracy of ICBMs the ACA 
also says that ‘‘Deployment of more land- 
based, silo-destroying missiles will 
threaten nuclear stability and erode the 
basis of SALT still further if they are 
emplaced in mobile basing modes which 
multiply potential targets, forcing an 
adversary to programme additional 
warheads for targets which, in fact, 
contain no missiles.” 

The statement says that the problem of 
silo vulnerability is ‘‘largely hypothetical 
from an operational standpoint’’, and 
argues that deployment of the MX and 
similar systems by the USSR ‘‘will pose a 
far greater danger to American security, 
and to the SALT process and its 
accomplishments, than does the current 
prospect of a hypothetical Soviet attack 
on American land-based missiles.” go 
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Rickets 
under control 
again in UK 


VITAMIN D deficiency rickets is not a dis- 
ease of epidemic proportion in Britain’s 
Asian community. Dr John Ablett, a 
senior medical officer in the Department of 
Health and Social Security (DHSS), said 
last week there was now enough evidence to 
confirm that rickets is again on the decline 
in the UK. The DHSS now takes the view 
that rickets can be eradicated completely 
by the use of direct vitamin D supplements 
to children at risk. A policy of fortifying 
specific target foods — such as chapatic 
flour — is therefore not necessary. 

Rickets was first documented as a serious 
problem in the Asian community of 
Glasgow 18 years ago, and since then it has 
been observed in most of the larger Asian 
communities in the UK. Despite claims to 
the contrary by some doctors, the DHSS 
says the problem can be controlled by the 
traditional method of vitamin D supple- 
ments backed up by a health education pro- 
gramme — directed at the Asian com- 
munity — about rickets and its adult 
equivalent, osteomalacia. 
` The claim that rickets is on the decline is 
based on figures from hospital admission 
records. Rickets is not a notifiable disease 
and data collection is not easy. However, 
the DHSS has used figures from its Hospit- 
al Inpatient Enquiry programme — in 
which 10% of all hospital admissions are 
analysed — from over 90 areas. The de- 
clining national trend, says the DHSS, is 
also supported by a survey involving gen- 
eral practitioners in areas with a large 
immigrant population. 

The DHSS says there is evidence that 
Asian immigrants are entering the country 
with rickets or osteomalacia, which are 
quite common in India, Pakistan and 
Uganda. This means it should now be pos- 
sible to identify the population most at 
risk. According to Ablett, the high risk are 
the infant children of recent immigrants 
who may be vegetarians, who come froma 
poor rural background, and who may have 
a family history of rickets and osteo- 
malacia. 

The DHSS’s decision that it does not 
want a food fortification programme is in 
line with the recommendation of the 
department’s Committee on Medical 
Aspects of Food Policy (COMA), which 
has studied the problem for three years. 

The composition of milk cannot be 
altered without renegotiations of a Euro- 
pean Economic Community directive (see 
Nature 270, 289; 1977). Margarine has a 
high composition of fatty acids (46% in 
some brands; butter has only 10% trans 
fatty acids) and is causing concern to DHSS 
officials anyway, as these acids have been 
implicated in some forms of cancer. 

Chapati flour, the most serious conten- 
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One of the healthy ones: a hospital survey 
showed decline in rickets in immigrant areas 


der, also has problems, largely over what 
concentration of vitamin D to use. A con- 
centration sufficient to prevent rickets in 
young children would be dangerously high 
for adults consuming more flour per head. 
This is too risky, the DHSS argues, as there 
is now evidence to suggest that high vitamin 
D intakes result in high blood calcium and 
may cause cardiovascular complaints and 
even heart attacks. 

The other problem with vitamin D in 
chapatic flour is that the vitamin is un- 
stable, and up to 50% may be broken down 
in cooking processes. These technical prob- 
lems with the flour have still not been re- 
solved, and millers are reluctant to embark 
on a vitamin D fortification programme 
unless forced to do so by law. 

Finally, there is the problem of hyper- 
calcemia. The DHSS believes — and the 
COMA report due to be published next 
year will say this — that there is now good 
evidence to show that high vitamin D 
intakes in the 1950s caused the deaths of 
over 200 infants reported to have hyper- 
calcemia. Although the DHSS acknow- 
ledges that chapati flour fortified with vita- 
min D would not affect this age group, it 
says that high vitamin D intakes could 
casuse problems for older teenagers and 
young adults. 

In reaching its conclusion to rely on vita- 
min D supplements, COMA will point out 
that cod liver oil supplements reduced the 
incidence of rickets in children, from 13% 
in 1943 to almost nil by the end of the 
Second World War in 1945. If vitamin D 
supplements could eradicate the problem 
then, the DHSS argues, that it could do the 
same today. 

However, there may be problems on the 
way. Preliminary evidence from Glasgow 
and Birmingham suggests that some 10% 
of children receiving vitamin D supple- 
ments are still developing rickets. These 
groups will require closer scrutiny to 
identify why this is happening. 

Alastair Hay 
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UK scientists wait 


anxiously for 
£7.5m share-out 


SCIENTISTS throughout Britain will learn in 
the next two or three weeks if they have 
earned a share in the Science Research 
Council’s £7.5 million special investment in 
new equipment for university and poly- 
technic research departments. The cash 
distribution, which will benefit several 
hundred projects, follows the last 
government’s improvements in the science 
budget and although the present adminis- 
tration has since reduced the level of in- 
crease, the SRC is committed to the move. 

Originally only about £3 million had 
been considered for the equipment 
programme but the SRC has since been in- 
undated with responses from scientists 
following its March appeal for applications 
for new research hardware. Now an ex- 
pected £5.25 million alone is to go to chem- 
istry, physics, biology and other depart- 
ments covered by the SRC’s science board 
and the remaining £2.25 million will be split 
between departments covered by the en- 
gineering, astronomy, and nuclear physics 
boards. 

The decision to invest its share of the first 
£10 million increment in the science vote on 
equipment follows the SRC’s prophetically 
accurate view that future increases were by 
no means guaranteed. So it was decided to 
spend the money as quickly as possible and 
grants for projects which would involve 
commitments to staff for several years were 
ruled out. 

‘*We consider the best way that we can 
help universities and polytechnics to bene- 
fit from the present circumstances is to en- 
courage them to pay particular attention to 
their needs for equipment’’, stated the 
March letter from the SRC to researchers. 

‘This decision also recognised that many 
departments are facing severe financial 
problems in purchasing modern, sophisti- 
cated — and expensive — replacements for 
outdated instruments to provide the trad- 
itional ‘‘well-founded’’ university 
laboratory. This latter role is the function 
of the University Grants Committee, of 
course, but there are many intermediate 
areas between the domains of the SRC and 
the UGC. 

Although the SRC stresses that it is not 
taking over any of the UGC’s functioning, 
itis hard not to view the move as some form 
of help for the now financially-burdened 
UGC. However, in providing this new 
equipment, which will include items such 
as nuclear magnetic resonance instruments 
and mini-computers, the SRC is selecting 
those laboratories where it feels investment 
is best suited for its future research pro- 
gramme. 

And the level of this need for new equip- 
ment can be judged by one estimate of £35 
million for the total value of the appli- 
cations received by the SRC. However 
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these applications were dealt with by the 
usual grant selection committees of the 
SRC and only those graded ‘‘alpha’’ were 
considered for equipment grants. Of these, 
about 50 per cent were selected for awards. 
Now researchers are about to learn if 
their projects have been judged suitable. 
Robin McKie 


Investors refuse 
to back genetic 
engineering 


ALTHOUGH two major British firms are 
investing in the industrial application of 
genetic manipulation techniques, some 
academics feel the UK is not putting 
enough money into transferring their 
research work into industry. The UK has 
not managed to adopt the US practice of 
using venture capital to set up small groups 
of academics and industrialists who 
develop research to the point where it can 
be applied to industrial processes. 
“Investment in the UK is very low”, 
according to Professor K. Murray of 
Edinburgh University. ‘‘Most of the use of 
genetic manipulation is by small US 
venture capital groups.” 

At a meeting on ‘“‘new horizons in 
industrial microbiology’’ at the Royal 
Society last week, several industrialists 
responded to these criticisms by saying that 
venture capital was available but that 
“*research has to pay at some time’’. The 
economic climate in the UK meant that 
many firms did not think it was worth 
taking the risk of backing a new and 
uncertain technology. Even if the manu- 
facture of drugs and vaccines by genetic 
manipulation and, more generally, the 
production of alternative fuels from 
Organic material by microbiological 
methods, did become technically feasible, 
it would be some time before the new 
processes were economically competitive 
with current technologies. 

A lack of communication between 
academics and industry was partly to blame 
for the failure to transfer new ideas. 
Academics tended to approach industry 
before their research was sufficiently 
developed for industry to take advantage 
of it. Industry, on the other hand, was not 
willing to take up a promising piece of 
research where the academics had left off. 
The result was a gap where good research 
could fall by the wayside. Dr J D Coombes 
of Hoechst, UK thought that matters might 
be improved if academics did not always 
have to approach the National Research 
Development Corporation first with their 
ideas and if they could hold patents. 

For the scientists, amajor worry was that 
government spending cuts might affect 
research. ‘‘Staff levels are running down 
and capital expenditure is down. We will 
not be able to conserve the strength we 
already have,” said Professor B S Hartley 
of Imperial College. O 


0028-0836/79/260750—02$1.00 


Nature Vol. 279 28 June 1979 





Poznan Fair: only the Poles had their own trading agency 


Selling Polish science 


THIS year, for the first time, the Polish 
Ministry of Science, Higher Education and 
Technology is appearing as an exhibitor in 
its own right at the Poznan International 
Fair, under the trading name Posteor; pre- 
viously only projects developed in univer- 
sities and polytechnics under its aegis have 
been on display. 

Posteor is a financially autonomous 
organ of the Ministry of Science, some- 
what analogous to the UK National Re- 
search Development Corporation. It was 
set up in 1973, a time when the Academy of 
Sciences first scrutinised the problems in- 
volved in the relationship between research 
and production. These discussions led to 
Poland’s scheme of graduated ‘problems’ 
vital to the economy which are to be solved 
by science (23 November 1978 page 313); 
while, on the administrative side, Posteor 
was established to handle the implementa- 
tion of new discoveries and technologies 
into production. 

Implementation is a major problem 
throughout the Comecon bloc, but only 
Poland has adopted the idea of a special 
trading company. Indeed, by working 
through an existing foreign trading enter- 
prise, Polservice, Posteor can earn valu- 
able hard currency marketing know-how 
and licences abroad as well as protecting 
Polish patent rights. Through its exhibition 
at the Fair, Posteor hopes not only to in- 
crease its foreign outlets, but also to sell its 
technology and expertise at an earlier stage 
of development. ‘‘We can exhibit ideas, 
pilot technologies and know-how,” 
explained one representative, ‘‘even if we 
haven't ironed out all the snags of full-scale 
production.’’ 

The small selection of projects on 
display is indeed wide-ranging: it includes a 
method for producing phosphates as a by- 


product of sulphuric acid manufacture, 
and practical expertise in geodesy and 
water surveying, as well as an analogue 
system for measuring the field distribution 
near high voltage power lines — Poland 
will have its first 350 MW lines next year, as 
part of the Comecon supergrid. A method 
of cutting the petrol consumption of the 
average automobile by 15% underlines the 
importance of energy saving in the Posteor 
exhibits: other examples range from a cold- 
hardening process for worm-drive castings 
down to a method of freeze-drying whole 
potatoes. Indeed, energy conservation is a 
major theme of the entire Polish display, 
from the generating sets exhibited by 
Elektrim to the coal-mining pavilion with 
its placards extolling the leading role of the 
coal industry. 

Following a winter when exceptional 
weather conditions led to a total halt in pro- 
duction, Poland is now rethinking one 
aspect of her energy policy, the proposed 
compensation deal with Austria. Under 
this agreement, Austria would build hydro- 
electric generating stations on the Bug, and 
in return would take two thirds of the cur- 
rent produced for the next 25 years. This 
scheme — like the proposal for a trans- 
Czechoslovakia pipeline to carry coal dust 
to Austria — is dear to the heart of 
Austrian trade minister Joesef 
Staribucker, and such deals are normally 
popular with the Polish planners because 
they save hard currency by paying in kind 
rather than cash. But it is now most un- 
likely to go through, for, as the Polish vice- 
minister of trade, Edwin Wisniewski, told 
journalists at the Fair: ‘‘Coal and energy 
are now far too precious for compensation 
deals. We shall always be willing to sell 
them, so long as we have them to sell — but 
it must be strictly for cash.” Vera Rich 
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UK. g n * achemrtits to strike: ‘The ih 2 
' rofessional Civil Servants is continuing its ind rial 


through a series of selective strikes. Now scheduled for action are 


the government laboratories of the Agricultural Research Council 
and the Science Research Council. Also included will be the 
Central Veterinary laboratory at Weybridge, the Royal Aircraft 
Establishment in Farnborough and forensic scientists in the 
Home Office. The union is demanding: pay rises linked to 
administrative grades 
outside ee structures for next year. (See leader comment, P 





US-Europe to - collaborate on testing cloning risks: The first 
results of a European attempt to assess some of the proposed 
hazards of the techniques of recombinant DNA (see p 811) help to 
define the way in which the next step in risk asessment should be 
carried out. It is a step, however, which cannot be carried out in 


Europe — because of the lack of animal facilities that meet the 


level of safety that is now required to avoid the conjectured risks 
that the experiment would attempt to assess. To escape from that 
predicament the European team will go to the US to collaborate 
with Dr W Rowe and his colleagues who have been carrying out a 
parallel study using the animal facilities at Fort Detrick. Both 
groups are testing whether the cloned genome of a tumour virus 
retains the ability to be infectious and to cause tumours. The 
Americans have already carried out some animal tests and will 
now be repeating them with the virus cloned in Europe. 


SIPRI criticises increased NATO. military spending: The 
Stockholm International Peace Research Institute, in its annual 
report, is sharply critical of NATO countries decision to increase 
their military spending by 3% a year. The SIPRI report states that 
the increased expenditure has been based on ‘‘dubious’’ 
propositions about USSR spending produced by US intelligence 
agencies. US intelligence has estimated that Soviet spending 
exceeds US spending, that it is taking an increased share of Soviet 
GNP and that it has been rising by 3% a year in real terms for a 
long time. According to SIPRI these estimates are constructed by 
converting labour intensive Soviet manufacturing into. US capital 
intensive costs thus leading to an overestimate of real spending. 
“Valuing the military output of a much more labour intensive 
country such as the USSR at US prices distorts the actual 
situation’’ the report says. SIPRI also criticises the USSR policy 
of concealing defence spending, which it says contributes to the 
construction of exaggerated estimates of its spending. 

The SIPRI report also warns that improvements in missile 
accuracy are leading to new nuclear war strategies. The old 1950s 
policy of mutual deterrence is giving way to a ‘‘counter-force’’ 
strategy. A new generation of missiles will be able to strike within 
tens of metres of hardened missile sites thus giving governments 
the ‘‘misplaced confidence that they can actually fight and win 
nuclear wars rather than simply deter them’’. (World Armament 
and Disarmament. SIPRI Yearbook 1979. Taylor and Francis 
Lid, London.) — 


Sussex students win reinstatement: Sussex students Richard Flint 
and Shaun Fensom (21 June) were reinstated last Monday by a 


specially . convened disciplinary committee. They had been 
“excluded” from campus for participating in a student union 
mandated examination disruption. The students were warned 
they would be excluded if they participated in further 
examination disruptions. Students have called off plans to disrupt 
conferences at the university this summer and the outstanding 
issues will be joined again in the Autumn. First year science 
students will decide at a mass meeting whether to continue the 
boycott of the preliminary science examination and the student 
rent strikers await the outcome of.a university Senate meeting on 
student debt. The disciplinary committee decision followed 
another week of militant student action, 
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prepares for aay intervention in oil crisis: The US 
rmment ‘announced Friday that it has established a 





go 
‘‘unilateral corps” of 110,000 men from Army, Navy, ‘Marine 


and Tactical Air Force units. The corps will operate outside of 
NATO control and are ready for combat ‘‘in all theatres of 
operations where US interests are threatened”. The special force 
will be dispersed among conventional military bases but will be 


mobilisable for rapid intervention at ‘“‘hot points”. Department 


for this year and an appropriate linking to . a of Defense head, Harold Brown said that the DOD currently is 


improving its sea and air transport facilities ‘‘so that we can get 
special units to various places distant from the US and Europe 
rapidly”. Speaking at a press conference attended by Chief of 
Staff B. W. Rogers, Presidential adviser Z. Brzezinski, and 
Secretary of State C. Vance, Brown acknowledged that US 
dependence on oil imports was a serious potential ‘‘security”’ 
problem. The US gets 25% of its oil from the middle east. Brown 
emphasised that the US was seeking political solutions in the 
middle east and was consulting with moderate Arab states ‘‘which 
are understandably concerned about the possibility of outside 
intervention’’. 


Strict new rules on the transport of nuclear waste: The US Nuclear 
Regulatory Commission recently published a strict set of rules 
covering the conditions under which spent nuclear fuel can be 
transported by road. These include the requirement that the NRC 
inspect and approve the route that each shipment is expected to 
take, that law enforcement agencies be informed in advance, and 
that each shipment be accompanied by guards knowledgeable 
about both the route, the cargo and emergency procedures. 

The new rules have a dual purpose: to protect the public against 
possible accidents (all routes must, wherever possible, avoid 
major cities and urban areas), and to guard against the dangers of 
hijacking. To cover the latter, for example, the rules require that 
all vehicles be equipped with features that ‘‘permit 
immobilisation”; among proposals previously discussed for 
achieving this are dashboard buttons that would simultaneously 
blow out all the truck tires, explode the engine, and set off a 
wailing siren. 

Antinuclear groups have already attacked the adequacy of the 
new regulations, which although they go into effect immediately, 
will be open for public comment for 45 days. They have 
challenged the first route that the NRC is now studying for 
approval between Norfolk, Virginia, and the Department of 
Energy’s reprocessing and storage plant at Savannah River in 
South Carolina. This route would be used to transport spent fuels 
being brought in from abroad; anti-nuclear groups such as the 
Potomac Alliance argue that incoming ships could dock closer to 
Savannah River, and are therefore questioning the proposed 
route through Norfolk. 


Bellerive Group attacks pro-nuclear lobby: The Bellerive Group, 
an international body of experts which includes Victor 
Weisskopf, a former director of CERN, has issued a stinging 
critique of conventional arguments in favour of nuclear power. 
Proponents of the orthodox pro-nuclear case have refused to. 
answer the severe criticisms of their basic assumptions, the report 
says. These include assumptions about future electricity demand, 
patterns of energy use, and the possibility of expensive energy 
savings measures. Other criticisms are the inapplicability of 
nuclear, generated electricity for transportation needs and the 
wastefulness of using nuclear generated electricity for space 
heating. The report also raises the dangers of nuclear 
proliferation and the possible dangers to civil liberties. The report 
warns that disaffection with society because of the. nuclear i issue 
‘tis greater than the nuclear industry and some governments that 
support it now realise. No free society can be governed without 
both trust and consent. Once trust aes government can be. 


carried on only by increasing coercion”’ 
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Urban 
deprivation 
in the heart 
of the 
Amazon 


by David Bousfield 


THE city of Manaus lies high on the 
Amazon, at the junction of the Rio Negro 
and the Rio Solimoes. During the last 
century it was the centre of the rubber 
industry in Brazil, and the magnificent 
Opera House, decorated largely with 
materials imported from Europe, still 
testifies to its former wealth and 
importance. Since those times, however, 
the area has been in decline and today the 
State Governor complains that the 
development grant intended for the whole 
of the Amazonas region is less than that 
given to the Tourist Department at Sao 
Paulo in the south. Recently Manaus was 
made a free port in an attempt to stimulate 
the local economy, but despite its 
attraction to Brazilian tourists, who travel 
thousands of miles to buy cheap cameras 
and hi-fi, this isolated town in the heart of 
the Amazonian forest retains all the 
problems of urban underdevelopment 
found elsewhere in the north and north- 
east of Brazil. 

Manaus is fortunate, however, in having 
on its outskirts the principal admin- 
istration and research complex of the 
National Institute for Amazonian Studies 
(INPA). This department has 107 scientific 
staff, while the other main department, at 
the Museu Goeldi in Belém has 51 
scientists; in addition there are a number of 
research stations scattered over the 
Amazonian area. Under the Directorship 
of Dr Warwick Kerr, a geneticist from Sao 
Paulo, INPA’s research projects have been 
directed at local problems. ‘‘INPA is al- 
ways canalising effort towards the benefit 
of the people of Amazonia’’, he 
comments. Consequently research carried 
out by INPA includes work on fish 
farming, ecologically appropriate appro- 
aches to agriculture, malnutrition, and the 
impact of disease on settlement along the 
Transamazonian highway. 

The rapid development of the fragile 
forest environment has created many pro- 
blems for urban and rural colonists alike. 
For example, the 3,000 km Transamazon- 
ian highway, completed in 1975, was 
originally intended to allow families from 
the drought plagued north-east to colonize 
the forests. Yet the agricultural advice 
given to these would-be farmers by 
David Bousfield, of the University of 
Sussex, held a Nature Travelling 
Fellowship 
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INCRA, the Government colonisation 
agency, was not based on detailed research 
or planning. Indeed the route taken by the 
highway had already been decided, and 
some of the first colonists settled before the 
main soil survey work was carried out. 
Upland rice was envisaged as the principal 
cash and subsistence crop, but INPA geo- 
grapher Nigel Smith has found that a better 
choice would be a more diversified crop 
base including manioc. Diversity reduces 
pest damage and means that income is not 
dependent on the success of a single crop. 
Indeed Dr Smith finds that the optimal 
farming strategies emerging from his work 
bear a striking resemblance to the methods 
of the Indians who used to live on the land 
now occupied by colonist settlements. 
Mixing European 

and Indian crops 

Since the colonists have little knowledge 
of which crops they should plant, addition- 
al work by INPA includes the selection of 
European varieties of fruit and vegetables 
such as carrots, cauliflowers and citrus, 
which are suitable for local soil conditions 
and climate. Attempts are also being made 
to reintroduce local fruit such as assai and 
bacaba into the amazonian diet, and the 
Indian heritage has also been useful here 
since many Indian tribes actively cultivated 
the plants which produced the best fruit. 
The sapota, for instance, normally 
produces fruit weighing 80-100g, but the 
Tipuna Indians have managed to increase 
this to hundreds of grammes, and have 
trees which can yield up to 11 tonnes of 
fruit in one harvest. 

Perhaps the most interesting example of 
INPA’s concern for the Amazonian 
people, however, can be found in the 
nearby ‘favela’ in the Coroado district of 
Manaus. This slum town is built on private 
land invaded by the poor some six years 
ago. There are now over 25,000 people 
living in shacks made from wood, corru- 
gated iron and even cardboard without any 
form of sanitation or a proper water 
supply. In 1977 INPA bought one of these 
houses and set up a school, thus providing a 
valuable base for research, and for estab- 
lishing some interaction between the 
various departments of INPA and the 
people of the favela. The school’s name, 
‘Escolinha da Abelhinha’, which can be 
translated as the ‘Little School of the Busy 
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Bee’, reflects the determination and sense 
of humour ot Ur Kerr and its first teacher 
and director, INPA educationalist Margie 
Charlwood. 

By concentrating on pre-school educa- 
tion (children aged between 4 and 6), INPA 
has made a considerable contribution to 
the nutritional and educational develop- 
ment of the children of Coroada. Some 
48% of the children entering State schools 
at 7 have to repeat their first year courses, 
and as a consequence many become 
frustrated and never go back. Pre-school 
education helps to avoid this early trauma, 
and it is a strategy now advocated by 
UNICEF. Even the simple measure of 
providing regular meals improves exam 
success: 73% of children in the pre-school 
age range suffer from malnutrition and 
many show signs of physical and mental re- 
tardation. By isolating the main dietary de- 
ficiencies and by trying to counteract them 
at the school, Charlwood and INPA nutrit- 
ionist Roger Shrimpton hope to improve 
infant feeding habits and nutritional 
status. 

Traditionally much of the food for 
Manaus has been imported. In 1975, for 
example, the region only produced 25% of 
its requirement of rice and meat, only 12% 
of its milk, and it imported nearly all its 
fruit and vegetables. The resultant expense 
creates some rather unexpected dietary 
deficiencies. Despite being surrounded bya 
forest containing many edible species of 
plant, the inhabitants of the city consume 
per capita only one-half the amount of fruit 
and one-third of the green vegetables eaten 
in Sao Paulo, and so deficiencies of vitamin 
A, thiamin, riboflavin and iron are 
common. 

Bad diet preferences are also partly to 
blame for nutritional problems. In the days 
of the rubber barons the best paté and 
champagne were readily available in 
Manaus, and today the freedom from 
import tariffs continues to encourage 
specialist tastes. The current school meals 
programme run in State schools and 
backed by the FAO includes Norwegian 
cod, Dutch cheese and crystallised fruit to 
supplement children’s diets. INPA 
workers argue that this programme is 
merely creating markets for richer coun- 
tries’ unwanted products rather than 
teaching children how to feed themselves. 
Consequently attention is now being fo- 
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Incongruous Manaus: amid the poverty, the 
Opera House is a reminder of former glories 


cused on the possibilities of using local 
varieties of fruit and vegetables. 

Various diets are being introduced to the 
children of the Bee School and their accept- 
ability and nutritional impact assessed. 
The mothers are actively associated with 
the running of the school and contribute to 
the preparation of these meals, ensuring 
that the educational process is not 
restricted to the children and the bond be- 
tween the school and its community is 
strengthened. At the same time simple rules 
of basic hygiene and nutrition are being in- 
corporated in the curriculum. An 
elementary reading and spelling exercise 
book, or ‘cartilha’, written by a team inclu- 
ding Dr Kerr contains advice on which 
foods contain calcium and how to take care 
of teeth. 

It is too soon to assess the project’s even- 
tual success, although the number of 
children attending the school has risen 
from 30 to 220 during its first two years, 
and after six weeks of the supplementary 
school meals their average weight increased 
by two kilogrammes. Once a cheap and 
nutritious diet has been developed, INPA 
would like to see the scheme extended to 
other ‘favelas’ in the area and eventually 
become integrated as part of a scheme of 
development for the whole region. 

Unfortunately the relationship between 
science and the solution of social problems 
elsewhere in Brazil is much less apparent 
than in Manaus. Many scientists I spoke to 
in the south felt that the social problems of 
the country (one-third of Brazil’s children, 
some 16 million, live in slum communities) 
could be solved simply by political reform 
and government aid. But it was also clear 
that in the sophisticated intellectual cli- 
mates of cities such as Brasilia and Rio de 
Janeiro a preoccupation with Western 
science is leaving little time for considering 
how the problems facing the urban and 
rural poor might be approached. Now Kerr 
and his co-workers have lead the way, will 
others follow? a 
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Asian scientists agree on development issues 


Yonguth Yuthavong of the Department of Biochemistry, Mahidol 
University, Bangkok reports on a lively meeting in Kuala Lumpur 


SCIENTISTS from 21 South and South-East 
Asian countries met last month in Kuala 
Lumpur, Malaysia, and agreed on six basic 
principles to improve science and tech- 
nology in their countries. 

The meeting, organised by the 
Committee on Science and Technology in 
Developing Countries (COSTED, a body 
set up by the International Council of 
Scientific Unions), concluded that: 
@Since the general level of indigenous 
scientific and technological capability is 
very low, and varies greatly among 
developing countries, more emphasis 
should be placed on regional sharing of 
scientific competence. 

@ There should be increased representation 
of scientists and technologists from 
developing countries in international 
bodies dealing with science, technology 
and development. Possible measures 
include travelling fellowships and the 
establishment of international institutions 
in the developing world. 

@Effective and socially relevant science 
and technical education is one of the most 
important factors contributing to 
development. International support is 
needed for preparation of suitable 
educational material and for training of 
personnel, but care should be taken to 
promote self reliance in the education 
programmes of the developing countries. 
@Suitable scientific and technological 
information systems should be established, 
oriented towards important issues in 
development. 

@To make UNCSTD a success, a follow- 
up mechanism to implement its decisions 
must be speedily established. 

@lt was of particular importance, the 
meeting decided, to define the goals of 
development as clearly as possible. The 
meeting emphasised the provision of basic 
needs for people — rather than high per 
capita GNP. The Association for the 
Application of Science to Human Affairs 
(ASHA), composed of a group of 
scientists in India and supported by 
COSTED, has proposed the ASHA 
Development Index (ADI) based on 
parameters of health, literacy and 
employment (ADI = per capita GNP 
growth rate x employment x literacy x life 
expectancy fraction [70 yr = 1.00]/birth 
rate X infant mortality). The ADI was 
found to vary from 43 for poor countries 
to over 10,000 for rich countries. The goal 
advocated by ASHA is an index of over 
2000 by the year 2001. While there is at 
present a general correlation betwen GNP 
and ADI, the meeting agreed that 
Strategies for future development should 
aim to raise ADI, rather than GNP simply 
through rapid industrialisation with 
depletion of resources and urbanisation. 

The lack of an effective scientific and 


technological infrastructure in the 
developing world is reflected by various 
indicators: number of scientists and 
technologists, number of institutions, 
amount and quality of publications and 
other output. A survey of papers 
published in international journals 
Showed that a very small fraction 
originated from developing countries. It is 
striking that India contributes about 5,000 
papers per year (in journals covered by 
Current Contents), half of the total 
output from all developing countries and 
far more than South Africa or Brazil. The 
amount of research output alone 
therefore does not bear a simple 
relationship with the state of development 
of a country. It was generally agreed that 
to promote development in a poor 
country most effectively, not only must 
the research be of high quality but also the 
deal primarily with unique resources or 
pressing problems of the country. Good 
examples are rubber research in Malaysia 
and diarrhoeal diseases research in 
Bangladesh. This demands keen 
awareness of the researchers on various 
aspects of priority research areas — an 
awareness which is lacking, given the 
present communication gap between the 
scientists, the industrialists and the 
general population in the developing 
world. A remedial mechanism was 
proposed in which the scientists, the 
industrialists and the citizens could 
mutually interact in forums organised by 
the professional societies and government 
or private agencies. In addition, novel 
Structures of reward and recognition 
should be devised to encourage research 
interests in development-related areas. 

The meeting also emphasized the value 
of science as creative activity for the 
enquiring mind. The scientist, however, 
tends to become alienated from his society 
if his work has little relevance to its 
problems. A conscious effort should 
therefore be made by the scientific 
community to bring social relevance into 
their work, while preserving the role of 
making enquiry for more basic knowledge 
at the same time. A proper balance 
between basic and applied science would 
depend on the level of development, 
resources and constraints of each 
developing country. 

It was felt that there was a need for' 
novel scientific and technological 
information services oriertated towards 
development problems of the Third 
World. Suitable services should be 
available not only for scientists and 
technologists, but also for administrators, 
field or extension workers and the general 
population, mostly illiterate farmers and 
small scale village industrialists. The 
problems foreseeen are enormous, and 
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proposed solutions ranged from creation 
of < new information system on science 
and technology for development, to 
prevision of information materials to the 
developing countries at a moderate cost, 
and promotion of public understanding of 
science and technology through mass 
media. International information 
agencies, scientific unions and private 
publishers can play substantial roles in 
these schemes. It was argued, for 
example, that sale of books and journals 
to the developing countries is only a minor 
fraction of the total sale, and the 
publishers should consider reducing the 
prices to a level which these countries can 
afford. Schemes for book donation such 
as operated by UNESCO should also be 
made more effective. 

Nowhere is the need for public 
understanding of science and technology 
more acutely felt in the developing world 
than in the fields of health and 
agriculture. Many tropical diseases are 
largely preventable: hookworms are 
prevented by wearing shoes, cholera by 
having clean water supply, xerophthalmia 
by eating food containing vitamin A, etc. 
The yields of major food crops can be 


increased several fold through proper 
fertilizer supplies, pest management and 
irrigation. Apart from the fact that money 
and supplies are simply not available, the 
necessary information is also not 
accessible to the majority of the rural 
population. Technology transfer for 
village industries also present similar 
problems. The development of extension 
services and non-formal education 
deserve high priority. 

The strengthening of the scientific and 
technological capacity of the developing 
world will be both expensive and time- 
consuming. Some delegates even 
expressed despair that this goal will ever be 
significantly achieved in the majority 
of developing countries. An alternative 
goal was proposed whereby a group of 
countries within the same region would 
share their resources and pool external aid 
in a limited number of large and effective 
institutions. While this arrangement could 
possibly be of benefit for certain projects 
which need a considerable amount of 
scientific infrastructure, its main 
drawback is the continuing dependence of 
the smaller and less developed countries, 
their big brothers merely being in the same 


Hunting Mongolian dinosaurs 


COMECON, in the thirty years of its 
existence, has provided the framework for 
numerous scientific cooperation projects. 
One of the most interesting and most 
unusual was the Polish-Mongolian series 
of palaeontological expeditions of 1963- 
1971, organised by Dr. Zofia Kielan- 
Jaworowska of the Polish Academy’s 
Institute of Palaeozoology. (For the latest 
results, see p 792.) 

These expeditions not only produced a 
wealth of scientific material on dinosaurs, 
dinosaur eggs and mezozoic mammals, 
which is gradually being published in 
Palaeontologia Polonica (the final report is 
expected to extend to some 16-20 thick 
volumes; No. 8 is now about to appear); 
they also resulted in an excellent 
‘*nopular’’ book on palaeontology — Dr. 
Kielan-Jaworowska’s Hunting for Dino- 
saurs. Most important, perhaps, as I 
learned when I spoke with Dr. Kielan- 
Jaworowska in Warsaw, they provide a 
fascinating commentary on how formal 
“scientific cooperation” can work. 

Not that the Gobi expeditions were 
entirely typical! Cooperation agreements 
within Comeccn tend to take place between 
the Soviet Union and one or more of the 
smaller member-countries — a major 
project without Soviet participation is 
somewhat rere. In fact, Dr. Kielan- 
Jaworowska explained, at the beginning 
there was some talk of Soviet participation, 
but the Soviet Palaeontological Institute 
was ‘‘too busy?’ 

The idea for such an expedition arose in 
1961, wher the representatives of the 
Comecon Academies of Science met in 
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Warsaw. During this meeting, a coopera- 
tion was signed between the Polish and 
Mongolian Academies, and Dr. Kielan- 
Jaworowska put forward a proposal for 
joint palaeontological expeditions. ‘*This 
was my private dream}’ she explained, 
“and also the dream of many workers in 
this institute. Mongolia is an unusual 
country, especially for vertebrate palaeont- 
ology. The odd thing is that we were 
invertebrate palaeontologists at the time!’ 

In due course, Dr. Kielan-Jaworowska 
was appointed to lead the expeditions. One 
of the main practical problems was, of 
course, that Poland is among the most 
scientifically advanced Comecon 
countries, while Mongolia is relatively 
backward. For the project to be genuinely 
bilateral, some preliminary training was 
necessary. ‘‘We had to help the Mongolian 
Academy?” she said. ‘‘We had to teach 
their scientists. They came during their 
training to our institute and we published 
some joint papers. At that time there were 
about ten Mongolian palaeontologists 
working in Ulan-Bator. Two of these — 
Demberelyin Dashzeveg (a specialist on 
mammals) and Rinchen Barsbold (dino- 
saurs) — were very gifted.” 

The field-work of the expeditions proved 
successful beyond all hopes. Major finds 
included dinosaur eggs, fossil tortoises, 
many new genera of dinosaurs, and, for the 
first time, well-preserved skulls of multi- 
tuberculates, which threw new light on the 
mesozoic ‘‘dark ages’? of mammalian 
history. Subsequent study of the multi- 
tuberculate finds showed that these non- 
placental mammals were closely related to 
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region rather than somewhere to the 
North. Whatever the strategy, it was clear 
that much more co-operation from the 
developed countries should be 
forthcoming. This will have to include 
provision of scientific equipment and 
maintenance facilities, information, ‘help 
in scientific and technical education, 
exchange of scientists and technologists. 
The developing countries themselves will 
have to try harder to support their 
scientific and technological activities, 
including education. 

Developing countries often have an 
asset in abundance of natural resources, 
solar energy supplies and a climate suited 
for rapid bioconversions. The meeting 
agreed that these local advantages should 
be utilized, which implies that the 
problems for science and technology will 
often be very different from those in 
developed countries. It was proposed that 
a consortium of experts from the 
developing countries be formed to deal 
with training and development of 
technology for optimum utilization 
natural resources. It is hoped that 
international agencies including COSTED 
will take up this matter further. C 





On the trail: Dr Kielan-Jaworowska (rigħt) and 
colleague 


the monotremes as far as brain structure 
was concerned, thereby raising the further 
question of whether they were viviparous 
or oviparous. 

Poland has an excellent network of 
museums, Mongolia has simply the 
municipal museum in Ulan Bator. One 
might be tempted, therefore, to imagine 
that the bulk of the material will remain in 
Poland. ‘‘Not at all}’ said Dr. Kielan- 
Jaworowsaka. ‘‘The agreement is that 
after we have studied the material, part of it 
will be sent back to Ulan Bator ”’ 

‘*There will be a true pay-off for both 
sides?’ she added. ‘‘We have got some most 
interesting material, which throws great 
light on some of the most important 
questions of evolution. And the Mongolians 
will get good material and the basis for a 
good museum. Vera Rich: 
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Guest species in minerals and other crystals 


from J.M. Thomas 


SO widespread is the occurrence of iso- 
morphous and other forms of substitution 
that their nature and consequences are the 
concern of chemists, solid-state physicists 
and mineralogists alike. When a guest 
species is present either in small quantities 
or in rather large but non-stoichiometric 
amounts, the determination of its precise 
crystallographic location is seldom a sim- 
ple affair. A good deal of the evidence 
pointing to the phenomenon of site substi- 
tution came originally, and indirectly, 
from a combination of simple chemical 
principles and accurate wet chemical 
analyses. It was soon established that, 
among the numerous kinds of silicates 
that constitute the rock-forming minerals, 
there is a tendency for Al>* ions to 
occupy tetrahedral sites normally 
tenanted by Si and for Mg?+ to replace 
Fe?* or AP? + in octahedral sites. Similarly 
Lit replaces Mg** in sites of sixfold 
coordination. The negative charge borne 
both by the framework zeolites, that 
nowadays play such a crucial role in the 
catalytic cracking and synthesis of 
hydrocarbons, and by the sheet silicates, 
which are responsible for the cation- 
exchange capacity of clays, is a direct 
consequence of this kind of substitution. 
Site-substitution and site-selection are 
also implicated in trace-metal segregation 
and enrichment; and thermodynamic 
arguments that apply to geothermometry 
and geobarometry (Navrotsky Prog. solid 
state Chem. 11, 203; 1976) rely, in turn, 
on experimental methods of ascertaining 
site identity and occupancy. 

X-ray crystallography, from its incep- 
tion, has, in favourable circumstances, 
offered a more or less direct means of 
assessing the extent of site substitution. 
But in view of the factors that govern the 
scattering of X-rays, this approach is not 
well-suited to discriminate ions of ele- 
ments possessing closely similar atomic 
numbers. Thus, whereas the pairs Ca?* 
and Mg*+t, Sr?* and Ba?+, or K+ and 
Na? are readily distinguishable both on 
grounds of scattering power and ionic 
radius, it often proves difficult to identify 
Si** sites that are occupied by guest AID? +. 
X-ray methods encounter a similar 
difficulty when Fe** is replaced by 
Mn?* or vice versa, especially if the extent 
of substitution is small or if the guest ions 
are randomly distributed within the host 
matrix. 
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In seeking alternative approaches, 
much progress has been achieved by spec- 
troscopic methods, which involve 
monitoring the frequency, intensity and 
band profiles of absorptions in the infra- 
red and visible regions of the spectrum. 
Mossbauer spectroscopy, though of re- 
stricted applicability, has contributed 
much to knowledge of site population and 
preference, especially in ferrous and ferric 
ions in amphiboles, pyroxenes, garnets 
and biotites (Bancroft, Williams and 
Burns, Am. Mineral. 56, 1617; 1971). 
(Conversion electron Méssbauer spectro- 
scopy, which is even more restrictive in its 
applicability, has also been particularly 
powerful in ascertaining site 
characteristics in certain sub-surface 
phases — see Tricker, Winterbottom and 
Freeman J. Chem. Soc, Dalton Trans. 
1289; 1976.) Recently, however, electron 
spectroscopy has burgeoned, and 
although its direct application has 
contributed little to the elucidation of site 
occupancy, a rather novel development 
(termed XPD for reasons given below) has 
now made possible new insights into the 
crystallography of various naturally 
occurring and chemically modified min- 
erals. The technique is simple, straight- 
forward and widely applicable, provided 
reasonably sized single-crystal specimens 
are available. 

X-ray-induced photoelectron spectro- 
scopy (XPS) entails the measurement of 
the kinetic energy of electrons liberated 
when a material is irradiated with mono- 
chromatic X-rays. From the known 
energy of the latter the binding energy of 
the core electron (for example, K 2s, Al 
2p, Fe 3p) may be evaluated. The precise 
value of the core-electron binding energy 
is a function of the environment ex- 
perienced by the atom from which the 
electron is emitted. But the magnitude of 
the ‘chemical shift’ in binding energy 
exhibited by a given ion in two or more 
crystallographically distinguishable sites is 
disappointingly small (Adams, Thomas 
and Bancroft Earth Planet Sci. Lett. 16, 
429; 1972) and inadequate to serve as a 
trustworthy basis for site identification. 
Fortunately a more subtle use of XPS can 
be envisaged. This entails monitoring the 
‘diffraction’ of the X-ray-induced photo- 
electrons (XPD) as the take-off angle of 
the emitted electrons is varied. Although 
the existence of this diffraction has been 


known for some years (Siegbahn, Gelius, 
Siegbahn and Olson Phys. Lett. A32, 221; 
1970; Fadley and Bergstrom in Electron 
Spectroscopy (ed. Shirley) 233; North 
Holland, Amsterdam, 1971) its potential 
value in structural elucidation of the near- 
surface regions of solids does not seem to 
have been recognised previously, in spite 
of the early observation by Fadley and 
Bergstrom (1971) that the angular depend- 
ence of the XPS signal from silver dissolved 
in single-crystal gold was essentially 
identical with that of the gold. The struc- 
tural elucidation of complex solids by XPD 
has been described recently by Adams, 
Evans and Thomas (J. Am. chem. Sec. 
100, 3260; 1978). 

Suppose the angular variation of the in- 
tensity of the Si 2s photoemitted electrons 
of phlogopite mica is monitored. The 
intensity fluctuates because of the (multi- 
ple) diffraction that the electrons suffer 
between the point of generation inside the 
crystal and their escape into the vacuum. 
If, as was originally suggested by Mauguin 
(C.r. hebd. Seanc. Acad. Sci. 156, 1246; 
1928) and Pauling (Proc. natn. Acad. Sci. 
U.S.A. 16, 123; 1930), Al?*+ ions occupy 
some of the tetrahedral sites. normally 
taken up by Si+, then the angular 
variation of Al 2p and Si 2p photoelectrons 
(or of Auger electrons emitted from these 
atoms) should be idential, a situation 
which would certainly not obtain if AP + 
were preferentially or additionally resident 
in octahedral sites. By taking intensity 
ratios (for example, Si 2p/Al 2p or 
F 1s/O Is), rather than absolute values for 
single core levels, sources of experimental 
and related uncertainty (caused, for 
example, by eccentricity of the specimen 
mount), are eliminated, and comparison of 
site substitution in one specimen with near- 
or exactly-equivalent substitution in 
another is rendered possible. (Moreover, 
the essential invariance of K 2p/2s and Si 
2p/2s ratios with angle demonstrates that 
differences in electron wavelength and 
radius of ionised shell are of secondary 
importance.) Using this simple qualitative 
approach, Evans and collaborators (Phil. 
Trans. R. Soc. in the press) have re- 
examined critically the hitherto accepted 
site assignment of a range of micas. In 
addition to presenting direct proof that 
AP + ions are indeed accommodated only 
in the (Si**) tetrahedral site in phlogopite, 
they also demonstrated that the Mg?* ions 
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in vermiculite’ and the AP + ions in 


lepidolite are in identical crystallographic 
environments, both being situated at octa- 
hedral sites. Moreover, XPD shows that 
ions (such as Na*) present in muscovite in 
quantities too small to be detected by con- 
ventional X-ray methods, occupy sites that 
are similar, but not exactly equivalent, to 
those occupied by the interlamellar K * 
ions which they replace. 

By its nature the technique is more reli- 
able the smaller the extent of substitution, 
and it does not require the guest species to 
be ordered (contract X-ray diffraction). 
And although it is biased in favour of the 
sub-surface regions (about 100 A) of the 
crystal — because of the magnitude of the 
electron escape depth — it possesses 
further advantages in that, combined with 
measured XPS intensities and known 
photoelectric cross-sections, it affords in- 
sights into the degree of hydration of ex- 
changeable cations. Thus it has been 
established (Evans, Adams and Thomas 
Phil, Trans. R. Soc. in the press) that, 
whereas interlamellar Ca**+ or Pb2+ ions in 
weathered or solution treated vermiculite 
are shrouded with a hydration shell, inter- 
lamellar K* ions, on the other hand, are 
bare. In similar vein, Evans (in pre- 
paration) has recently shown that substi- 
tutional titanium ions in the mineral biotite 
occupy both tetrahedral and octahedral 
sites (the approximate percentage 
population being 30 and 70 respectively). 
Furthermore, he reported at the European 
Conference on Surface Science (ECOSS2) 
in Cambridge, March 1979, that, by 
recording intensity variation as a function 
of azimuthal angle (at a fixed polar angle) 
information about site symmetry (of the 
photoemitting atom) may be gleaned. In 
this respect, XPD is formally akin to the 
more strictly surface tools that utilise 
angular variation of core-level electrons 
liberated (by X-rays or synchrotron 
radiation) from adsorbed phases. These 
tools have been applied with conspicuous 
success by Kono, Fadley, Hall and Hussain 
Phys. Rev. Lett. 41, 117; 1978) who 
succeeded in extracting information on 
both the symmetry and bond lengths 
associated. with oxygen chemisorption on 
copper, and by Woodruff, Norman, 
Holland, Smith, Farrall and Traum (Phys. 
Rev, Lett. 41, 1130; 1978) who arrived at 


quantitative surface structural information 


relating to the adsorption of Te and Na on 
Ni(100) faces. 

It seems clear that, provided ex- 
perimental methods can be evolved to cope 
with smaller single-crystal specimens, a 
wide range of structural and thermo- 
dynamic problems in geochemistry, as well 


as in materials and engineering science, 


should be clarified by the application of 
XPD. g 
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J.M. Thomas is Professor and Head of the 
Department of Physical Chemistry at the 
University of Cambridge. 


Proline and folding 


proteins 
from Robert Freedman 


A FOUR-YEAR-OLD pahe: that the 
imino acid proline has a special role in the 
folding up of proteins has been confirmed, 
refined and extended by several, almost 


simultaneous publications from labora- 


tories in Britain, the United States, 
Switzerland and the Federal Republic of 
Germany. One of the papers gives a 
detailed picture of how the complete three- 
chain protein collagen, the main protein in 
tendons and cartilege, folds itself up. Pro- 
line is unusual among the components of 
proteins in that it is an imino acid rather 
than an amino acid. This gives it unique 
and lohg-recognised properties of 
restricting the folded structures a protein 
can take. But it has become apparent 
recently that prolines may also control the 
rate at which proteins can fold up from an 
unfolded state. 

Thirty years ago, Linus Pauling dowei 
that in most peptide bonds, the side chain 
groups of the amino acids (R, and R, in 
Fig. 1) are held as far apart as possible in a 
trans configuration for the peptide bond. 
This is much preferable to the more 
crowded cis arrangement. But for bonds 
involving the NH group of proline both 
trans and cis arrangements are possible; the 
trans configuration is still slightly 
preferable and is found more often in 
folded proteins, but in an unfolded protein 
the cis form of the bond could easily occur. 
If that were the case then the process of 
getting proline peptide bonds into the right 
configuration would be important in the 
folding up of proteins. 

In 1975, Brandts, Halvorson and 
Brennan (Biochemistry 14, 4953) collected 
data on the folding of proteins and pointed 
out two important facts. For many 
proteins the folding process occurs in two 
phases and the rate of the slow phase is very 
similar to the rate at which proline peptide 
bonds isomerise — interconvert between 
cis and trans. To explain this, they 
proposed that only the unfolded molecules 
with all their proline-containing peptide 
bonds in the correct configuration could 
fold up. So the fast phase corresponded to 
the folding of the molecules which were all 
correct at the start of folding, while the 
slow phase corresponded to the slow 
isomerisation of the remaining molecules. 
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Gradually the data have accumulated to 
support this interpretation. Over the years 
Baldwin and colleagues at Stanford have 
analysed the. slow and fast phases of 
refolding of: ribonuclease in great detail. 
Now, he and Schmid have shown that the 
slow phase is the result of slow isomerisat- 
ion of peptide bonds involving proline, but 
their quantitative data do not exactly agree 
with the model originally put forward 
(Proc. natn. Acad. Sci. U.S.A. 13, 4764; 
1978). This proposed that all the peptide 
bonds in the unfolded protein would have 
to isomerise to the correct configuration 
before folding could begin. The data of the 
Stanford group suggest that not all the 
bonds need to be correct; there may be 
some ‘permissive’ proline residues which 
can be fitted in, either in the cis or the trans 
configuration. 

Similar modifications of the theory have 
been suggested by Creighton, who has 
considered the problems facing a large 
protein containing a lot of proline residues 
(J. molec. Biol. 125, 401; 1978), Whereas 
the slow phase of refolding for the small 
proteins mentioned above is of the order of 
a few seconds, Creighton shows that fora 
protein containing 20 proline residues it 
would be about 10 min, and would stretch 
into hours for a protein with 30 proline 
residues. These figures are so unreasonably 
large that modifications to the model have 
to be considered. There are two related 
possibilities. The protein could be divided 
into domains each of which can fold 
independently; the folding of each domain 
would be as fast as that for a small protein 
and the whole molecule would soon be 
fully folded. Alternatively, without a clear 
division into domains, a protein could 
nevertheless fold itself up bit by bit, the 
region around a ‘correct’ proline folding to 
its final conformation without having to 
wait for all the prolines in the molecule to 
be in the right configuration. 

The former of these proposals, domain 
organisation, is probably what happens in 
most globular proteins. But for collagen, a 
fibrous structural protein, there is now 
direct evidence for the second — ‘bit by bit’ 
— hypothesis, from the work of 
Bachinger, Bruckner, Timpl and Engel 
(Europ. J. Biochem. 90, 595, 605; 1978). 
This collaborative group based at Basle and 
Martinsried has isolated a fragment of pro- 
collagen which on a small scale resembles 
the whole collagen molecule. This 
fragment (peptide Col 1—3 of bovine type 
III procollagen) consists of three poly- 
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Fig. 2 


peptide chains, the central regions of which 
are twisted round each other in the ‘triple- 
helical’ structure characteristic of collagen. 
At the end of the triple-helical region, the 
chains are fixed to each other by a kind of 
knot formed by disulphide bonds between 
the chains (Fig. 2). Bachinger et al. have 
unfolded this fragment and studied its 
folding as a model of the folding of 
collagen itself. 

The interesting point here is that the Col 
i-+3 fragment, like collagen itself, is very 
rich in proline residues and hydroxyproline 
residues. The whole fragment has 27 such 
residues in each of its three chains so that 
they make up 20 % of the protein; in the 
triple-helical region they comprise one- 
third of all the residues. But Col 1-3 folds 
into its complex triple-helical structure in 
not much more than a minute. Is this speed 
consistent with the hypothesis that proline 
peptide configuration is crucial to folding? 

The group from Martinsried and Basle 
showed that peptide bond isomerisation 
was important by a neat experiment. When 
they refolded Col 1—3 from the unfolded 
State it folded in two phases. But the 
proportion which refolded fast was 
greatest when they used material which had 
only just been unfolded. In other words, if 
you unfold the protein and immediately try 
to refold it, most of it can refold rapidly; 
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but if you wait before refolding it, the pro- 
portion which refolds rapidly, diminishes 


progressively. This suggests that immedi- 


ately after unfolding all the bonds are in the 
correct configuration for folding, but that 
they gradually isomerise and incorrect 
configurations accumulate. All the 
thermodynamic pararmeters of the folding 
and unfolding also showed that the 
isomerisation of proline peptide bonds was 
the rate-determining step. 

So how are all the proline peptide bonds 
isomerised so rapidly? The answer is that 
the process can occur bit by bit. The dis- 
ulphide knot is a nucleus from which fold- 
ing can begin. Then the three chains can 
begin to twist themselves up correctly until 
they come to a proline in the wrong con- 
figuration. Once that has isomerised they 
can proceed as far as the next wrong one 
and hence the folded structure is rapidly 
propagated. Because the protein here is 
essentially a linear cable, rather than a 
tangled mass like globular protein, folding 
can proceed in this stepwise manner, rather 
than being an all-or-none process which 
depends on all the proline residues being in 
the correct configuration at the start. E 


Robert Freedman teaches biochemistry at the 
University of Kent, Canterbury, UK. 


West African membrane controversy 


from Peter J. Smith 


SOME years ago Turcotte and Oxburgh 
(Nature 244, 337; 1973) introduced the 
fascinating concept of ‘membrane tec- 
tonics’ to explain certain aspects of the 
internal tectonic behaviour of the Earth’s 
lithospheric plates. The idea is simply that 
plates, being thin shells in relation to the 
Earth’s radius, should act as membranes, 
the theory of which has long been familiar 
to civil engineers and the like. Specifically, 
as the Earth is an oblate spheroid rather 
than a perfect sphere, any plate moving 
from one latitude to another will experi- 


ence a change in curvature and all that 


results from it. Generally a plate travelling 
away from the equator will-find its cur- 
vature decreasing and its periphery under 


tension, whereas a plate approaching the 
equator will increase its curvature and 


experience peripheral compression. A 
moving plate will thus be subjected to de- 
formation, stresses and consequent sec- 
ondary phenomena such as fracturing. 
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As possible examples of membrane tect- 
onics in action Turcotte and Oxburgh 
suggested Hawaii and East Africa; but 
later Freeth (Earth Planet. Sci. Lett. 38, 
298; 1978) was to put forward what he 


held to be “an even better example”, 


namely, West Africa and the Gulf of 
Guinea. It is difficult of course to apply 
simple membrane theory to a plate con- 
taining an inhomogeneous continent with 
an irregular outline; not least one that for 
more than 100 M yr has been growing (by 


accretion at the mid-Atlantic ridge) and 


parting from a once-joined continent 
(South America). Nevertheless, Freeth 


managed to convince himself that in the 


West African rift zone (chiefly the Benue, 
Yola and Gongola rifts), compression and 
tension occurred in the way one would 
expect for a region first approaching the 
equator and then receding om it in the 
northerly direction. 

Thus as the West African rift system 


south 90 — 40M yr ago it underwent © 


<: compression, resulting in folding, the 


eruption of andesites (implying 


- subduction) and the development of 


mylonite zones, But while the region was 
in the vicinity of the equator about 
40 M yr ago there was little or no tectonic 
activity. Then during the past 30 M yroor 
sO, as the area has moved away from the 
equator, there have been new rifting and | 
volcanic activity, most notably those — 
associated with the development of the so- 
called Cameroun volcanic line extending 
from the offshore islands in the Gulf of 
Guinea into central Cameroun. 

Freeth’s presentation appeared. fairly 
convincing in a hand-waving sort of way, 
or at least it was something worth thinking 
about. But it failed to convince Thorpe and 
Wright (Earth Planet. Sci. Lett. 42, 327; 
1979) who have now objected to it on two 
main grounds. They point out first that 
during part of the crucial period up to 
40 M yr ago, when the Benue rift was sup- 
posedly under membrane compression, the 
region was actually under net tension — an 
unexplained inconsistency acknowledged 
by evidence quoted by Freeth himself. 
Moreover, during the past 40 M yr, while 
the region was supposedly under 
membrane tension as a result of drift away 
from'‘the equator, it may not have been 
moving northwards at all. The palaco- 
magnetic evidence appears to be more con- 
sistent with an Africa more or less station- 
ary during this period, an interpretation 
that opens the way to the alternative hypo- 
thesis that ‘‘volcanism and tectonic activity 
are consequences of the focussing of sub- 
lithospheric thermal anomalies onto a 
slowly-moving or stationary plate’’. 

The second point made by Thorpe and 
Wright is that membrane theory postulates 
peripheral or marginal compressions and 
tensions in moving plates, a geographical 
factor that Freeth first acknowledged but 
subsequently appeared to ignore. The Gulf 
of Guinea may have been plate-marginal 
when Africa and South America first 
separated, but ever since then it has in 
effect been migrating further into the 
African plate as the South Atlantic has 
grown. Nor is the volcanic activity associ- 
ated with the mid-plate setting of the 
Cameroun volcanic line unusual in the 
context of the African continent as a 
whole; such activity occurs throughout the. 
non-cratonic areas of North Africa and is 
not even preferentially distributed. towards 
plate-peripheral zones. 

A third, rather less central, point made. 
by T horpe and Wright is that ‘‘there is no. 
evidence for any sea-floor spreading and 
subduction in the Benue trough’’. This, as 
students of the region will know, is a highly. 
contentious point. In his response Freeth 
(Earth Planet. Sci. Lett, 42, 329; 1979) 
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devotes considerable attention to it; and if 
the power of detailed referencing and a 


sense of conviction were the sole criteria, he 


would win: hands down. It is a pity, 
though, that in following up this issue 
Freeth fails to do justice to the two more 
crucial criticisms. He makes no mention at 
all of the question of the marginality of 
compression/tension. Nor does he pursue 
the problem of compression or tension 
prior to 40 M yr ago. On the other hand, he 
does deal with the continental drift issue, 
pointing out quite rightly that the palaeo- 
continental maps he used, namely those of 
Smith (A.G.) and Briden Mesozoic and 
Cenozoic Palaeocontinental Maps, 
Cambridge University Press, 1977) incor- 
porate the most comprehensive data set 
available. 

So where does that leave West African 
membrane tectonics? In a highly unsatis- 
factory state, unfortunately. As far as the 
impartial observer is concerned, a reading 
of the current literature on the controversy 
suggests that the opposing cases are equally 
good, or rather equally bad. In the credi- 
bility stakes Thorpe and Wright have the 
edge; but that may be because by the very 
nature of things it is easier to put a spanner 
in the works than build a nice bit of 
machinery. The moral is that it would 
probably be better to look to a less complex 
area if the aim is to assess the reality or 
otherwise of membrane tectonics. If the 
object is to explain the evolution of the 
West African rift system, on the other 
hand, someone is going to have to put for- 
ward some rather more convincing 
evidence one way or the other. = 


A diet of worms 


from J.E. Sulston and J. Hodgkin 


FIVE years ago Brenner published an 
extensive genetic characterisation of the 
small free-living nematode Caenorhabditis 
elegans. Largely as a result of his pioneer- 
ing work, this organism has become the 
subject of many different lines of research. 
Last May more than 120 researchers met at 
Cold Spring Harbor to discuss recent 
findings in C. elegans biology*. 

This animal is a self-fertilising hermaph- 
rodite whose rapid life cycle (3.5 days) 
facilitates genetic manipulation. Its small 
size (1,000 um x 60 um at maturity) and 


transparency facilitate the observation of- 


cells in vivo and also make possible the use 
of whole mounts for histology. The sub- 
sequent location of defined regions and 
serial sectioning for electron microscopy 
are now routine. Development is 
predominantly mosaic, and because of the 
small and invariant number of cells (550 at 


rorceestoren 


*The Second International Caenorhabditis 
elegans Meeting, supported by the US National 
Institute of Aging and National Science Found- 
ation was held on 10-13 May 1979. 
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hatching), the behaviour of cells in the wild 
type can be defined exactly. The genome is 
small (haploid DNA content twenty times 
that of Æ. coli) and estimates of the number 
of essential genes are low (2,000-4,000). 

Perhaps the most important advances re- 
ported at the meeting were in the isolation 
of cloned DNA fragments, in the refine- 
ment of genetic methods, and in the 
characterisation of developmental 
mutants. With these tools, progress to- 
wards analysis of the genes controlling 
development seems feasible. 

S. Emmons (University of Colorado, 
Boulder) described work on randomly 
cloned restriction fragments: detectable 
differences between the Bristol and 
Bergerac races of C. elegans could be de- 
monstrated for 15 % of these fragments, 
and such fragments can therefore be 
assigned to particular regions of the genetic 
map. No differences between germ line and 
somatic DNA were detected for 50 differ- 
ent fragments although such differences 
(chromatin diminution) are known to 
occur in certain other nematodes. Analyses 
of ribosomal DNA (J. Files, Boulder) and 
of three tRNA genes (T. Tranquilla, MRC 
Laboratory of Molecular Biology 
Cambridge, UK) were reported; the repeat 
length of the ribosomal DNA is short 
(6,800 base pairs). 

Muscle assembly can be studied both 
biochemically and genetically in C. 
elegans. A MacLeod (Cambridge, UK) has 
cloned a cDNA fragment corresponding to 
the major myosin heavy chain species. The 
structural gene for this protein, unc-54, has 
been subjected to detailed genetic analysis 
by R. Waterston (Washington University 
School of Medicine, St Louis), who 
presented a fine structure map, and by P. 
Anderson (Cambridge, UK), who has 
obtained more than 100 new unc-54 
mutations by a selective technique. Some 
of these mutations are small deficiencies 
that allow mapping of the genes adjacent to 
unc-54, 

At least 17 other genes affecting the body 
wall muscle structure are now known, 
which map throughout the genome (J. 
Zengel, Baylor College of Medicine, 
Houston: Waterston, St Louis). Fine 
structure maps of two of these genes, 
unc-15 and unc-22 were presented by A. 
Rose and D. Moerman (Simon Fraser 
University, Burnaby): unc-15 is the 
structural gene for paramyosin, but the 


product of unc-22 is unknown. It may 


interact with the unc-54 (myosin) product 
since some unc-54 mutants suppress some 
unc-22 mutants. This suppression appears 
to be specific. On the other hand, two 
pleiotropic suppressors, sup-5 and sup-7, 
have. been identified that suppress 
mutations in a wide variety of genes 
(Waterston and others). Only null alleles 
appear to be suppressed, and the mechan- 
ism of suppression may well be 
translational. 

E. Schierenberg (Max Planck Institute 
for Experimental Medicine, Göttingen) 
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reported progress in defining the complete 
embryonic cell lineage; this has now been 
described up to the 220 cell stage, and some 
lineages have been followed considerably 
further. The Gottingen group has also 
begun to characterise temperature sensitive 
lethal mutants that alter embryogenesis at 
the non-permissive temperature; some of 
these have abnormalities in the timing of 
cell divisions and in the movements of 
embryonic cells. The stages at which devel- 
opment is arrested have been described for 
these mutants, and also for a set of non- 
conditional lethal mutations isolated by P. 
Meneely (University of Minnesota, St 
Paul). Mutations altering post-embryonic 
cell lineages have been found: a number 
which affect vulval development were des- 
cribed by C. Ferguson (Massachusetts 
Institute of Technology). In two other 
mutants certain cells fail to undergo 
terminal differentiation and continue to 
divide in a stem cell mode instead (M. 
Chalfie, Cambridge, UK). 

There is increasing interest in the experi- 
mental manipulation of development. Iso- 
lated blastomeres can now be cultured to 
the point where intestinal and muscle cells 
have differentiated (P. Bazzicalupo and J. 
Laufer, Boulder). The fate of the 
blastomeres is largely independent of the 
presence of their neighbours, and after 
blockade with cytochalasin and colchicine, 
characteristic intestinal granules develop 
only in those blastomeres that would nor- 
mally give rise to the intestine. By both 
these criteria early development is mosaic. 
On the other hand, definite episodes of 
regulative development after hatching have 
been demonstrated by cell ablations with a 
laser microbeam (J. Kimble, Cambridge, 
UK) although here too development is pre- 
dominantly mosaic. In further analysis of 
these events cell specific markers will be of 
great importance. Suitable probes are 
cloned cDNA preparations which can be 
used for in situ hybridisation to MRNA (K. 
Edwards, Boulder), antibodies to specific 
cell products (M. Klass, Boulder), 
monocional antibodies (Y. Argon, Car- 
negie Institution, Baltimore) and plant 
lectins (E. Hedgecock, Cambridge, UK). 

Many other investigations were reported 
at the meeting but cannot be described here 
in detail, including work on ageing, cuticle . 
structure, dauer larva formation, egg 
laying, fertilisation, hormones, inter- 
mediary metabolism, neuropharma- 
cology, nutrition, sex determination, 
sperm motility, and tail formation. There 
were relatively few presentations on the. 
neurobiology of C. elegans, although 
almost all of the wild type neuroanatomy 
has now been reconstructed. Work on the 
related but much larger nematode Ascaris 
was reported by J. Donmoyer and J. 
Walrond (University of Wisconsin, 
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cord neuroanatomy appears to be similar in 
the two species, and electrophysiological 
experiments (impossible in C. elegans) 
have led to the formulation of a model for 
bend formation in Ascaris. The same two 
classes of acetylcholinesterase are found in 
both nematodes, and both are widely dis- 
tributed in Ascaris (C. Johnson, University 
of Wisconsin, Madison). The elimination 
by mutation of the two classes (but not 
either class alone) leads to defective 
movement in C. elegans (J. Culotti, 
Göttingen). 

The participants seemed to be united in 
their enthusiasm for C. elegans, and their 
interest in all aspects of its biology. 
Specialisation has not led to frag- 
mentation. a 


Nonsolar planets and 
their detection 


from David W. Hughes 


l AM never sure which is the more surprising 
supposition — that our planetary system is 
of such extreme rarity that it might be 
unique in the Galaxy — or that planetary 
systems similar to ours exist in orbit around 
one in every four stars. There seems to be 
no inherent reason why Earth should not 
be the only home for living creatures, an 
assumption that obviously makes our 
search for extraterrestrial life futile. On the 
other hand planets may well be common. 
There seems to be no sharp distinction 
between binary and multiple star systems 
and stars with planetary companions. The 
masses of small stars in binary systems 
seemingly grade continuously down to the 
masses of planets. The obvious solution to 
this dilemma is ‘look and see’. The 
discovery of nonsolar planets would 
provide a vital clue to the origin of the solar 
system, a subject which is bedevilled at the 
present by the fact that only one solar 
system can be studied in detail. Bracewell 
and MacPhie have reviewed the problems 
inherent in searching for nonsolar planets 
in a recent edition of /carus (38, 136; 1979). 

Astrometry is one of the existing 
techniques which, according to the 
authors, ‘‘with sufficient refinement may 
detect nonsolar planets’’. Plate scales of 15 
arc sec per mm can be obtained with very 
long focus refracting telescopes and these 
enable very small angular displacements of 
stellar images to be detected. A year’s 
observation gives a precision of 0.003 arc 
sec. The problem is exemplified by the fact 
that an observer of the Sun from a distance 
of 10 parsec would be looking for an 
epicycloid wiggle of amplitude about 
0.0005 are sec and period of about 12 yr just 
to detect Jupiter. Needless to say, many 
researchers regard the astrometric 


technique as already sufficiently refined to ` 


detect planets. Van de Kamp and 
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Lippincott of the Sproul Observatory have 
reported the discovery of invisible planets 
around Barnard’s star, Epsilon Eridani 
and Ci 2354. Lalande 21 185 is also thought 
to have a planetary companion. It is 
interesting to note however that unlike the 
near circular orbits of our planets these 
objects seem to have high eccentricities, a 
factor they have in common with double 
stars. 

Orbiting planets can also produce a 
sinusoidal variation in the stellar radial 
velocity. Observed in the ecliptic plane and 
from a distance, the amplitude of the 
variation for the Sunis 12 ms~', equivalent 
toa3 x 10-° nm shift in the 656.28 nm 
Fraunhofer line of the solar spectrum. 
Present practice achieves a precision of 
several hundred metres per second so this is 
a technique for the future. 

When the combined light of Jupiter and 
the Sun is viewed from say 10 parsec only 
about one in 6x 10* photons received 
actually comes from Jupiter. Also light 
from the Sun, diffracted by the edge of the 
telescope aperture obscures the planetary 
light. Diffraction may be overcome by 
shading the aperture, a process known as 
apodisation in which light transmission 
falls off gradually from the centre of the 
field towards the edge. Such a telescope, in 
orbit above the atmosphere can 
theoretically detect planets. 

Infrared long baseline interferometry 
can be used. Planetary thermal infrared 
radiation might not be strong but at least it 
comes from near the peak of the spectral 
distribution. For stars, the infrared 
spectral region is well down from the peak 
of the spectrum. The ratio between stellar 
power and planetary power drops to 
around 5,000 at wavelengths longer than 
about 20um. As the distance between the 
elements of an interferometer is increased, 
fewer and fewer objects can be detected. 
The ones that can are those with the 
smallest angular diameter and this of 
course favours planets. Bracewell and 
MacPhie consider possible infrared 
observations that can be obtained by future 
space probes. The first one entails having 
two orbiting infrared (40um say) collectors 
separated by 44 km (that is 10° wave- 
lengths). The angular diameter of the star is 
then about five times the interference 
fringe spacing so as the star changes its 
position relative to the fringe pattern the 
receiver power hardly varies. The planet 
however is about one tenth the stellar 
angular diameter and fringes sweeping over 
the planet produce a substantial 
modulation. Unfortunately the observing 
advantage gained is only about 20, which 
does little to reduce the previous factor of 
5,000. 

An improvement can be made by placing 
a minimum of the interference pattern on 
the star. The planet is then placed at the 
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adjacent maximum, this requiring, at 
40um, a base line of 7.7 m for an angular 
separation of 2.6 x 106 rad between star 
and planet. The star to planet power ratio 
drops to an amazing 1/80. This signal can 
be modulated, and thus more easily 
detected against the background, by 
spinning the interferometer about an axis 
through the star. Unfortunately the basic 
pointing accuracy required is 0.001 sec arc. 
For a detector of area | m? and a receiver of 
bandwidth AA equal to 0.1) a planet like 
Jupiter 10 parsec away would produce a 
flux of 2 photons per second. A reasonable 
signal to noise ratio is obtained with 10 h of 
observing time. Unfortunately again, the 
particles that scatter the zodiacal light 
produce a strong infrared background and 
the proposed detector would register 150 
photon sec—! from this source. To measure 
the planetary signal against this large back- 
ground to an accuracy of a few per cent 
would take a month. 

The device proposed by Bracewell and 
MacPhie has two off-axis paraboloids pro- 
ducing the interference null. Tracking 
control uses the interferometer optics but 
at visual wavelengths, the infrared and 
visual beams being separated by 45 degree 
plates. The critical components of the 
detector will be kept at liquid or superfluid 
helium temperatures, less critical parts 
having to make do with the 30 K tempera- 
ture of the triple point of neon. 

Obviously this instrument is utilising all 
the hoped-for technical improvements. It is 
also apparent that all our attempts to detect 
non-solar planetary systems rely so far on 
the observation of minor fluctuations in 
large quantitites. We will have to wait a 
long time before we get a high definition 
view of another solar system, an agoinising 
wait which does little to stifle our feeling of 
loneliness in the universe. G 


Reconstructing 
the past 


from Peter D. Moore 


IT is the task of the palaeoecologist to make 
mental reconstructions of past 
environments on the basis of such evidence 
as assemblages of fossils. First the 
assemblage must be interpreted in terms of 
contemporaneous communities of 
organisms; second, the environment is 
reconstructed from what is known of the 
ecology of the organisms involved. The 
Quaternary palaeoecologist would seem to 
have certain advantages at both these 
interpretive stages as most of the species 
with which he deals are still extant and can 
therefore be subjected to various types of 
community analysis and other types of 
ecological enquiry. Just how real these 


advantages are may be questioned, for 
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many problems of interpretation remain at 
both levels of analysis. 

These problems are well illustrated by 
the current concentration of attention on 
the closing phases of the last glaciation. Of 
particular interest is the climatic event 
which took place between about 11,000 
and 10,000 yr ago, which involved the 
reversal of the trend towards increasing 
warmth and deglaciation, and resulted in 
the re-advance of glaciers in Scandinavia 
and Scotland and the reformation of local 
corrie glaciers in outlying mountainous 
districts. This event (often referred to as the 
‘Younger Dryas’ after the discovery of 
remains of the plant species Dryas 
octopetala within sediments where the 
episode was first described), was very 
localised on a global scale. 

Some views of the conditions prevailing 
during these times were expressed at a 
meeting of the Quaternary Research 
Association at University College, London 
in January. W. A. Watts (Trinity College, 
Dublin) showed that the biological changes 
induced by the event were pronounced and 
of both qualitative and quantitative 
character in the maritime fringes of North- 
West Europe, as in the western British 
Isles, but were weaker and became 
increasingly difficult to detect in fossil 
assemblages as one moved eastwards and 
southwards across Europe. In the area of 
the Alps there are only small, quantitative 
changes in flora during the Younger Dryas 
together with some sediment changes 
indicating increased erosion. South of the 
Alps, in the Po Valley, there are no 
sediment changes and the entire event is 
difficult to detect on the basis of the pollen 
record, 

Such geographical variations in the fossil 
record of the time illustrate the local nature 
of some apparently profound climatic 
changes. In the case of the Younger Dryas 
event, it suggests that the climatic cause 
was associated with oceanic air or water 
masses, and Watts drew attention to the 
marine sediment evidence of a more 
southerly location of the Polar water mass 
front in Younger Dryas times. 

Having established the geographical and 
temporal pattern of this climatic 
deterioration, one is then faced with the 
question of the precise sequence and nature 
of climatic conditions within its span. 

Evidence from benthonic ostracods was 
presented by J.E. Robinson (University 
College, London) for the shelf waters of 
North-West Europe. Here the Younger 
Dryas event is marked by a decrease in 
species richness, which is now a 
characteristic of Arctic waters, and also by 
the occurrence further south of ostracod 
species now restricted to the Arctic Ocean, 
such as Rabilimis mirabilis and Krithe 
glacialis. This use of indicator species is an 
interpretive technique commonly used by 
palaeoecologists, which is based on the 
assumption that the factors which 
determine current distribution patterns of 


extant organisms are the same as those 


which limited their distribution in the past. 
In this case temperature is thought to be the 
critical limiting factor. Although attractive 
as a rule of thumb, there are several 
problems associated with the use of this line 
of reasoning. Most physical environmental 
factors are complex in their diurnal and 
seasonal variations and it is only rarely that 
one can pinpoint the interaction between 
such a factor and the life history of an 
organism which results in the limitation of 
the organism’s range. Also, such 
relationships are often made complex by 
the involvement of other species, such as 
prey, predators, parasites and competitors. 
Because such communal relationships can 
vary in time, the physical factors currently 
coinciding with an organism’s range may 
not have so coincided in the past. 

This is certainly not a problem confined 
to ostracods. Work on beetles presented by 
G.R. Coope and M. Joachim (University 
of Birmingham) has the same interpretive 
difficulties. They examined fossil 
assemblages of beetles from sediments at St 
Bees. Cumbria, which just predate the 
Younger Dryas. They showed a sequence 
of species moving from those with present 
distributions of a southern European type 
(occurring before 12,000 yr ago) to those 
with present ranges restricted to northern 
Scandinavia (occurring after 11,600 
yr ago). They point out that, although this 
suggests increasing coldness of climate, 
two facts make precise climatic interpre- 
tations difficult. First, there are no modern 
equivalents of these beetle communities 
and, second, in times of rapid climatic 
fluctuation, as these undoubtedly were, 
stable communities in which competitive 
sorting had taken place were never 
established. 

The plant fossil record is equally subject 
to these problems. J.B. Macpherson 
(Memorial University of Newfoundland) 
attempted an analysis of Younger Dryas 
climates on the basis of certain indicator 
pollen types. At a kettlehole site in the Spey 
Valley, Scotland, she found a pollen 
sequence in Younger Dryas sediments 
which led from an Empetrum maximum, 
through an Artemisia maximum, back toa 
further Empetrum peak. Together with 
evidence from sediment stratification, she 
interprets this as indicating a climatic 
sequence of oceanic, high snowfall, 
through continental, low precipitation, 
back to oceanic once again. 

Empetrum was long ago used as an 
indicator of oceanicity by Jessen (Proc. R. 
Ir. Acad. B 52, 85; 1949) and its value in 
this respect has been discussed at length by 
Brown (New Phytol. 70, 841; 1971). The 
argument is based entirely on the present 
range of the genus and experimental data 
are lacking. Its modern distribution is 
complicated because it is found in 
continental areas (for example, Siberia), 
where it occurs mainly under coniferous 
forest canopies. It survives in sites of low 
winter temperature if there is adequate 
snow-lie. Many species of Artemisia do 
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have more continental distributions, but it 
is a large and ecologically varied genus and 
the assignment of a blanket ‘continental’ 
label is undoubtedly an oversimplification. 
It is not impossible that the balance 
between Empetrum heath and Artemisia 
herb communities could be determined by 
a factor such as wind speed and frequency, 
which would affect snow-lie. 

W. Pennington (University of Leicester) 
reported the results of a quest for present- 
day equivalents of the lost plant 
assemblages of the Younger Dryas. 
European sites have proved of limited 
value because of the current high latitude 
extension of forest due to the oceanic 
influence of the Gulf Stream drift. 


Greenland, on the other hand, has very 


restricted forest and hence is a more likely 
site for the existence of plant communities 
resembling those of the late-glacial in their 
pollen rain spectra. 

The coastal fringe of western and 
southern Greenland has a low rainfall 
(100-250 mm) and, growing on bare 
patches of soil, Artemisia borealis is locally 
frequent. The surface lake sediments from 
such areas have up to 4 or 5% Artemisia 
poilen, which approximately corresponds 
to the percentage cover of the plant in the 
catchment area. These values are similar to 
those found in Younger Dryas pollen 
assemblages in northern Scotland. 

A recently published pollen diagram 
from Loch of Winless in Caithness, North- 
East Scotland by Peglar (New Phytol. 82, 
245; 1979) has about 2-3% Artemisia 
during the presumed Younger Dryas, 
which falls to zero with the commencement 
of the Holocene (Flandrian). At the 
transition there is a peak of more than 5% 
Empetrum. If this diagram is compared 
with that most recently published from 
North Wales, Melynilyn in Snowdonia by 
Walker (New Phytol, 81,791; 1978), a very 
similar sequence is found. Artemisia 
attains about 5% in the Younger Dryas and 
there is an expansion of Ericales 
(undifferentiated) at the opening of the 
Holocene. Evidently the changes of climate 
occurring over a short period at that time 
were more profound than those climatic 
differences between the two sites resulting 
from geographic, spatial factors at any 
given time. 

The conclusion one must draw from 
these examples is that we are still far from 
being able to make precise statements 
concerning the climate of the Younger 
Dryas on the basis of biological evidence. 
The use of indicator species, even if 
adequate autecological information is 
available, can be misleading unless taken in 
the context of total assemblages. And the 
interpretation of whole assemblages is 
frustrated by the lack of precise present- 
day equivalents. G 
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Department of Plant Sciences, King’s College, 
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The seasonally varying monsoon circulations associated with the annual heating and cooling of the 
Asian continent are the most important large-scale aspects of the general circulation of the atmosphere. 
The Indian summer monsoon affects the lives and the economies of many countries in Asia. The study 
of this phenomenon has been mainly limited to the Indian subcontinent whereas it takes place over the 
entire Indian Ocean. The lack of information over the marine region will be removed this year during 
the first Global Atmospheric Research Programme Global Experiment with the implementation of the 
Monsoon Experiment (MONEX) observational programme. 
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THE term monsoon has been used to describe the biannual 
complete reversal in the prevailing wind flow in the lower 
atmosphere over the Indian Ocean. The reversal of the air flow is 
mainly a consequence of the distribution of land and ocean 
characterised by a large continent in its northern part and a large 
ocean in its southern part (the topography is also important). 
The monsoon (south-west during the summer and north-east 
during the winter according to the direction of low-level flow) is 
primarily caused by differential heating between the continental 
areas and the oceans as a result of the zenithal march of the Sun. 
This was recognised in 1628 when Edmund Halley proposed 
that the monsoons of South Asia result from differential heating 
of land and sea surfaces. In 1921, Simpson’ supported this 
hypothesis but also emphasised the role of the Himalayas. 

The term monsoon does not, however, only apply to the wind 
regimes prevailing over the Indian Ocean, it also describes the 
phenomenon in the tropical and equatorial regions of Africa and 
South Asia. The Asiatic summer monsoon is the best known 
monsoon region, probably owing to the associated rainfall. Here 
the term monsoon refers to the rains which fall during the 
June-September period, although mariners usually associate 
the monsoon with winds. 


The burst of the monsoon 


As the Sun moves northwards bringing spring to the Northern 
Hemisphere, heat lows begin to form over the continental 
regions surrounding the Arabian Sea in May. A trough of low 
pressure forms and extends from Somalia northwards across 
Arabia and into the principal heat low located over Pakistan; 
this low-pressure belt extends northeastwards into central India. 
By the end of May, the heat lows have become well established 
and the south-west monsoon flow spreads northwards over the 
Arabian Sea, India and the Bay of Bengal. This change in the 
lower troposphere occurs quite abruptly and simultaneously 
over all the Indian Ocean: within a few days the intensity of 
trade winds of the Southern Hemisphere increases and the 
cross-equatorial flow becomes established”. The rainfall is not 
synchronous with the dynamical changes. In a rainfall orientated 
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definition of the monsoon, the south-west monsoon sets in 
during late April and early May in Burma. The rainbelt then 
advances northwestwards over a broad latitudinal area reaching 
the Coromandel coast towards the end of May and the Thar 
Desert in early July (Fig. 1). This rain belt can be associated with 
the northwards motion of the ITCZ located over the head of the 
Bay of Bengal during the winter months. The advance is 
unsteady and is not evenly paced. At Delhi, for instance, the 
average date of monsoon arrival is 2 July, but between 1901 and 
1950 the actual dates ranged from 17 June to 20 July, with a 
standard deviation of 7.8 days. The rainfall is so sudden and 
spectacular that it is known as the burst of the monsoon. 

The upper air circulation also undergoes an abrupt change in 
the entire Northern Hemisphere. At the end of May, an elon- 
gated warm belt appears between the Arabian Desert and 
southwestern China along 28° N in the mid-troposphere. The 
westerly southern jet moves downstream into China and dis- 
sipates; it is replaced by an easterly jet. This jet appears first over 
the Bay of Bengal and expands eastwards to the Philippines 
and westwards to Africa. The mid-tropospheric anticyclone 
established during the pre-monsoon season disappears in June 
and is replaced at about 80° E by the upper trough moving from 
the Bay of Bengal. Over northern India and nearby, two anti- 
cyclones come into existence in June; one over the Thar Desert 
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Fig. 1 Average onset dates of the rainy season (from ref. 57), 
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Fig. 2 July mean sea level isobars (mbar) (from ref. 58). The 

mascarene high pressure over southern Indian Ocean, the 

monsoon trough over India and the equatorial trough to the east of 
70° E can be seen. 


(above 700 mbar) and another over southern Tibet (above 
500 mbar). 

These changes in circulation patterns that take place in June 
are many and varied, and meteorologists have tried to relate the 
changes to the burst of the monsoon. Some have related the 
advance of the monsoon with the shift of the upper trough and 
the westerly jet and the development of the easterly jet”. Other 
meteorologists think the burst takes place when the air from the 
Southern Hemisphere goes into the circulation over the sub- 
continent“. In fact there seems to be no cause-effect relationship 
between the development of the circulation in the lower and 
upper levels, the insolation and the influence of topography 
being prominent in both cases. Another closely related question 
is what determines the year-to-year variations in the date of the 
onset of the monsoon. 


Climatology of the Indian summer monsoon 


As we have seen, certain elements are established over the 
Indian subcontinent during the pre-monsoon months. However, 
the Indian summer monsoon must be seen as a broad-scale 
system and it also includes components in the Southern Hemis- 
phere. For a complete picture of the phenomenon all these 
elements must be described. 

The monsoon trough over northern India is a very prominent 
feature of the synoptic weather charts during the summer season 
(Fig. 2). It is a part of the global equatorial trough of the 
northern summer season and indicates the separation between 
air of Northern and Southern Hemisphere origin’. It lies parallel 
to and about 450 km south-west of the Himalayas and is prob- 
ably topographically anchored. The southwesterly to westerly 
air current from the Arabian Sea and the deflected air current 
from the Bay of Bengal meet along the Gangetic Valley giving 
rise to this trough which is connected to the Pakistan heat low. 
The topographical features of the subcontinent play an 
important combined dynamical and thermodynamical role in 
the location of the heat low and the development of the Gangetic 
Valley trough. The Himalayas force the monsoon current to 
ascend and thereby release latent heat. Thus, the mountains 
contribute significantly to making the monsoon circulation self- 
sustaining in the lower levels of the atmosphere and the Indian 
monsoon circulation different from monsoons in other parts of 
the world. The influence of topography on the streamflow also 
extends to higher levels. The heat low extends to above 
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850 mbar while the trough extends to about 500 mbar. Above 
500 mbar the westerly and easterly flow is associated with the 
Tibetan anticyclone, to the north of 27° N, which has its maxi- 
mum amplitude near 200 mbar. 

Over the Arabian Sea the low-level flow from the Southern 
Hemisphere is the main characteristic of the monsoon. There 
has been controversy about the origin of the southwesterly 
winds® although recent experiments have demonstrated that 
these winds effectively correspond to the south-east trades of the 
Southern Hemisphere deflected after crossing the Equator, by 
the Coriolis force and the Southern Hemisphere trough located 
around 80° E on the Equator. This was shown by the measure- 
ments of radioactivity over the Arabian Sea which allows us to 
separate land and marine air’ values. Another set of measure- 
ments was given by lagrangian trajectories of constant-level 
balloons flying in the boundary layer and launched from the 
Seychelle Islands (Fig. 3). The cross-equatorial flow is not 
uniform at all longitudes; it is weak in the eastern Indian Ocean 
where it enters the Bay of Bengal, and is strong along the East 
African coast (Fig. 4)’. Associated with the Southern Hemis- 
phere trough on the Equator are weak westerlies found around 
80° E and 5° S. Along the Somali coast, the air flow is charac- 
terised by one of the most intriguing phenomena of the 
monsoon: the low-level Somali jet which is in fact a major part of 
the southwesterly flow to the Indian continent (Fig. 5a and b)"°. 
This low-level current, most pronounced at heights of 1-1.5 km, 
flows from the ocean near Mauritius over the northern tip of 
Madagascar to reach the Kenya coast at about 3°S. It then 
penetrates inland over the flat low-lying eastern areas of Kenya, 
Ethiopia and Somalia to reach the coast again near 9° N and then 
swings across the Arabian Sea to India. It splits into two parts 
over the.sea, the more northern branch intersecting the west 
coast of India near 17° N while the southerly branch moves 
eastwards just south of India. This jet is occasionally reinforced 
or even temporarily replaced by a stream of air moving north- 
wards up the Mozambique channel. The maintenance of the jet 
and its periodic fluctuations in strength are not well understood. 
A recent study using geostationary satellite images to determine 
the low-level air flow from cloud displacements’’, suggests that 
the variation in strength (occurring with a quasi-biweekly 
period) result through the influence of cold fronts at mid- 
latitudes in the Southern Hemisphere which induce surges in the 
south-east trades as suggested earlier'’. Its three-dimensional 
structure was studied in 1977 using an instrumented aircraft’. 
Jet-speed winds also occur over the central Arabian Sea and the 
Indian Peninsula in connection with the Somali jet'*. The prob- 
lem of the numerical simulation of this jet has been examined’. 
The B-effect, the orographic barriers over East Africa and 
Madagascar and a broad-scale monsoon forcing over India are 
some of the crucial elements for a proper simulation. Off the 
Somali coast, the atmospheric jet passes over the well known 
area of upwelling cold-coasted water which has also been 
numerically simulated’. 

The air mass over the Arabian Sea consists of an inversion 
layer which exists over the flat lowlands of eastern Africa and 
over most parts of the Arabian Sea, inhibiting the development 
of deep clouds’*. The height of the base of the inversion layer, 
which probably separates the low-level deflected moist trades 
from drier continental air above, increases eastwards and 
becomes less marked. The inversion layer disappears east of 
about 65° E where low-level convergence and ascent in the 
troposphere favour the dominance of deep clouds and 
occasional development of monsoon disturbances. How the 
Western Ghats affect the destruction of the inversion is 
important’’. This inversion layer is a control factor in the 
air-mass modification over the Arabian Sea and can affect the 
efficiency of monsoon heat engine. 

Another important feature of the monsoon system is the 
upper tropospheric tropical easterly jet near 150 mbar*°7’, It 
has winds of roughly 80-100 knots and the strongest winds are 
found just to the west of the southern tip of India. Its intensity 
oscillates with a quasi-biweekly period (phase of generation and 
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Fig. 3 Trajectories of constant-level balloons at 900 mbar, 
launched from the Seychelle Islands in 1975 (from ref. 8). Days are 
1975 Julian days. The trajectory going towards Madagascar cor- 
responds to a local reversal of the monsoonal flow due to the 
westward propagation of a tropical disturbance near 10° S (ref. 59). 


degeneration early noticed by workers) and it must be’seen as a 
part of the global upper air circulation in the tropics”. A 
numerical model of the broad-scale monsoon system with a few 
additions can simulate many of the well known broad features of 
the monsoon and particularly the easterly jet” 

‘It seems difficult to define limits of the monsoon circulation. 
Reversal of flow in zonal and meridional direction from lower to 
upper tropospheric has led some authors to suggest a closed 
circulation. The inflow and outflow from the monsoon area are 
linked through the general circulation in other areas. With the 
advent of summer, an east-west Walker circulation with ascent 
over north-east India and descent over the Pacific and a north- 
south meridional circulation with ascent over north India and 
descent over equatorial regions are set up**. The conditions in 
which the Walker circulation changes its intensity and location 
and the way in which it interacts with the monsoon circulation 
are largely unknown. 


Monsoon depressions 


Monsoon depressions are an important component of Indian 
weather and have been studied for several years. About 1-3 
depressions form per month during the monsoon months, par- 
ticularly in July and August. These depressions begin to be seen 
over the Bay of Bengal where satellite photographs show cloud 
clusters. They do not acquire hurricane intensity during the 
summer months, because they are not long over the oceanic 
areas before landfall and the large-scale vertical wind shear over 
the troposphere inhibits local accumulation of the latent heat 
release over the disturbance. Heavy rainfall associated with 
these depressions is the most outstanding associated 
phenomenon. Up to 300-400 mm of rain in 24 hours have been 
recorded. The structure of these perturbations has been studied 
from observations made once the depression has moved over 
central India where some upper air observations are avail- 
able***. The composite structure has also been studied”. 

The depression is an intense low-pressure system with a 
vigorous associated circulation; winds of up to about 50 knots 
have been noted (Fig. 6). Whereas the typical horizontal scale of 
the depression is known to be around 500 km in the formative 
stage, it is typically 1,500 km over land. The disturbance has a 
cold core with its vertical axis tilting eastwards with a slightly 
warm core above. The maximum rainfall rates occur to the west 
of the depression. The perturbation is confined to the lower 
troposphere from the surface up to 400 mbar. The strongest 
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activity is concentrated in a narrow vertical tube ahead of the 
depression, characterised by strong cyclonic activity, con- 
vergence and upward motion. Relatively weak activity is found 
behind the depression where anticyclonic vorticity, divergence 
and subsidence are noted. Case studies indicate that the dis- 
turbance is imbedded in a region where the conditions necessary 
for the combined barotropic—baroclinic instability to exist are 
satisfied. Monsoon depression is primarily maintained by cumu- 
lus convection. The cumulus convective heating generates eddy- 
available potential energy by releasing heat at appropriate levels 
above the cold core. Here the rising of relatively warm air 
contributes significantly to the generation of eddy kinetic energy 
of the depression. 

Whereas early studies suggested in situ formation in the Bay 
of Bengal’*, recent analyses have led to a proposal of scale 
interactions of westward moving wavetrains. Such an inter- 
action gives rise to a westward propagating downstream 
amplification?’ 

Mid-tropospheric cyclones are also an important part of the 
south-west monsoon. They can be found in the northeastern 
part of the Arabian Sea and in northern Bay of Bengal. They are 
known either to move very slowly westwards or remain quasi- 
stationary for many days*”*’. The scale is of the order of about 
3,000 km horizontally and 5 km vertically. Their largest ampli- 
tude is near the 600 mbar surface and they appear as a closed 
cyclonic circulation generally in the middle troposphere. They 
usually have a pronounced warm core above the middle level 
and a slightly cold core below that level. They are usually 
characterised by very intense convective and non-convective 
rainfall rates: total rainfall amounts of the order of 20 cm per 
24 h can be noted. Flows near the surface and at the 200 mbar 
level do not show closed circulation. Despite case studies, 
detailed analysis of these depressions as well as numerical 
studies are necessary for a clear understanding of the develop- 
ment mechanism of the mid-tropospheric disturbances over the 
entire monsoon region. 


The monsoon rains. 


A rapid build-up of atmospheric moisture over India augers the 
beginning of its monsoon season. Precipitable water vapour 
increases nearly twofold from March to June? and this high 
water-vapour content of the monsoon air is largely responsible 
for the heavy rainfall in the summer. The summer rainfall is the 
main component of the annual rainfall over the subcontinent 
except in Kashmir and the extreme south of the Peninsula and 
the east coast area: nearly 80% of India’s total annual rainfall 
falls during the months June to September’. The orographic 
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Fig. 4 Wind field over the Indian Ocean on 14 July 1975 as 

determined by an objective assimilation of ship reports (from 

Cadet and Reverdin, personal communication). The length of the 
arrow is proportional to wind intensity. 
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Fig. § a, Low-level wind vectors determined from cloud dis- 

placements on 23 July 1978 inferred by METEOSAT pictures 

(from ref. 11); b, vertical and longitudinal structure of the meri- 

dional“ (southerly) wind component along the Equator on early 
morning of 4 July 1975 (from ref. 13). 


influence for producing strong convergence in the lower layer is 
important in the distribution of rainfall. The west coast of India 
receiving the southwesterly flow and the Burma coast affected 
by the Bay of Bengal branch of the monsoon receives consider- 
ably more rain than the lee-side of the Western Ghats and 
Burma Mountains. The important rainfall over central India is 
largely due to the influence of the depressions. moving from the 
north Bay of Bengal and to some extent due to convergence at 
the trough and the southwards slope of the trough axis with 
height. The only region contrasting with the common view of 
heavy rains is the Thar Desert in the western half of northern 
Indo—Pakistan. The presence of the air mass inversion between 
the lower shallow moist current (about 800 mbar) and upper 
drier air mass” causes less rainfall in this area. 

The low-level current over the Arabian Sea originates in the 
Southern Hemisphere. However, the origin of moisture 
contained in this southwesterly flow is still questionable. A large 
part of the moisture available over the Indian subcontinent is 
supplied by the Arabian Sea branch of the monsoon. Over India 
the major water-vapour influx takes place across the Tri- 
vandrum-Bombay section, and the layer from the surface up to 
700 mbar contributes 86% (ref. 35). The onshore fluxes are well 
correlated with rainfall along the west coast although a small 
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fraction is converted into precipitation (13%)**. While early 
estimations led to the conclusion that the contribution from 
cross-equatorial flow is less than that from the evaporation over 
the Arabian Sea, further computations have shown the existence 
of a certain water-vapour influx from the Southern Hemi- 
sphere?” . Some of the flux (30%) into the Indian subcontinent 
comes from the Southern Hemisphere. The maximum cross- 
equatorial moisture flux takes place along the East African coast 
and can be associated with the low-level Somali jet. Obser- 
vations suggest that some relationship exists between rainfall in 
India and the Somali jet: increased cross-equatorial flow 
followed by increased rainfall over western India‘®. However, 
this question deserves careful consideration®*. Also, during a 
drought year the seasonal mean Somali jet is weaker than during 
a normal year”. An appreciable amount of moisture seemed to 
be picked up over the Arabian Sea. Thus, positive correlations 
have been found between sea-surface temperature over the 
Arabian Sea and monsoon rainfall over western and central 
India". Tests, made with a general circulation model, suggest 
that rains over India are sensitive to change in sea surface 
temperature over the Arabian Sea*® 

Monsoon rains exhibit considerable variations both from one 
year to the next and within one year (Fig. 7). Thus, the Indian 
summer monsoon has two basic synoptic patterns: the active and 
the break (or weak) monsoons. The succession of these patterns 
gives the well known pulsatory nature to the Indian monsoon 
which also manifests itself in the wind field. Thus, the monsoonal 
flow in the lower troposphere (below 500 mbar) undergoes 
rather drastic changes in association with rainfall variations: 
during active monsoon periods, a series of disturbances form 
and move west-northwestward across the Gangetic Plains and 
rainfall is widespread over the monsoon region. These inter- 
ruptions, or breaks, last between 3 and 10 days (2-3 weeks in 
some years), and usually occur between the dissipation of one 
monsoon depression and the formation of another. During this 
phase of the monsoon, the monsoon trough shifts to the north 
from its normal position and heavy rainfall is-concentrated along 
and near the foot of the Himalayas. Low-level westerlies shift 
north to the Gangetic Plains and in peninsular India they usually 
weaken and decrease in depth. The upper tropospheric east- 
erlies spread to the north. During such epochs, when the 
monsoon trough is shifted to the foothills of the Himalayas, a 
secondary trough forms over the south Bay of Bengal and the 
south Arabian Sea near the Equator. Thus, there is a well 
marked negative correlation between the change in cloud 
density over central India and the equatorial Indian Ocean*? 
Feeble mid-tropospheric lows move from east to west in this 
trough. The monsoon can be revived under the influence of 
mid- tropospheric lows moving northwestwards along the west 
coast of India** but there may be other ways of initiating this 
monsoon sequence****, 

Moisture distribution over the Arabian Sea is different during 
the two phases of the monsoon. During weak monsoon condi- 
tions, the moisture field is stratified whereas this stratification. 
disappears during active monsoon and upwards transport of 
water vapour occurs. Evaporation seems to be larger during an 
active spell than during a weak one. During active monsoon, a 
part of the water vapour obtained by evaporation is transported 
towards the Indian subcontinent, the other being precipitated 
over the sea whereas during weak monsoon, the evaporation is 
used locally in the weather development”. 

Numerical simulations show that cold sea-surface tempera- 
ture over the west Arabian Sea leads to a drastic reduction of 
monsoon rainfall over India because the cold sea decreases the 
evaporation rate and increases the surface pressure leading to a 
reduction in the cross-equatorial flow and moisture flux down- 
stream*°. Thus analysis of a series of sea-surface temperatures 
over the Arabian Sea shows that during a weak monsoon there is 
a significant drop in sea-surface temperature over a large area 
compared with a period of. strong monsoon**. A numerical 
simulation experiment of the Somali jet shows: that the cross- 
equatorial flow in the west Arabian Sea intensifies the jet as a 
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Fig. 6 Sea-level chart on 4 August, 1968 depicting a monsoon 
depression moving inland from the Bay of Bengal (from ref. 25). 


result of the strengthening of the monsoon over Indiat, These 
and other experiments on the interaction between the Arabian 
Sea and the Indian monsoon suggest that the strength of the 
Indian monsoon does not depend on the strength of the cross- 
equatorial flow; this contrasts with other results that demon- 
strate a controlling influence of the Somali jet on the monsoon. 

Active and break monsoons should be viewed as part of the 
fluctuations occurring on a very large scale and the changes in 
circulation of the Indian subcontinent might result from distant 
effects. Synoptic patterns have to be found which could charac- 
terise a break and an active monsoon”. The partition of the 
monsoon into two phases may be compared with the quasi- 
biweekly oscillation of the broad-scale monsoon elements. The 
two-week period may be divided into an active and a less active 
one and our study suggests an interesting ordering of the phase 
of the various elements of the monsoon system’. In fact, no 
unique or detailed description exists for active and break 
monsoon and numerical simulation may be useful for under- 
standing the phenomenon and for separating the effects of the 
different synoptic components. 

Long-term variability of monsoon rainfall has been studied in 
some detail by Indian workers. Quasi-biennial oscillation 
(QBO) in rainfall has been found at several stations in India* as 
well as in the annual rainfall in some meteorological subdivisions 
of the country and the monsoon rainfall as a whole*’. Recent 
investigations using data of ISMEX-73 indicate that certain 
interactions exist between OBO and sea-surface temperature 
and monsoon currents in the equatorial area of the Indian 
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Fig. 7 Daily rainfall over central India (75°-85° E to 15°-25°N 
during a drought year (1972) and a near-normal rainfall year 
(1973) (from ref. 22). | 
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Ocean”. This result suggests that there is some interaction 
between the circulation in the tropical stratosphere which ex- 


"hibits the well known QBO for zonal winds. There does not 


seem to be a significant relationship between Indian monsoon 


rain and solar activity*'. 


The retreat of the monsoon 


The monsoon in the Indian subcontinent begins to withdraw in 


-. mid-September when the circulation pattern in the Northern 


Hemisphere changes from a summer to a winter regime. The 
weakening of the easterlies, the southward shift of the monsoon 
trough and the appearance of the westerly jet stream in northern 
India are all reversals of the events that occur during the burst of 
the monsoon. In a year when a break takes place in September, 
the monsoon may retreat prematurely. The equatorward- 
motion of the ITCZ (inter-tropical convergence zonal)-brings 
abundant rainfall during the retreat of the monsoon™. 


Numerical simulation 


The main objective of monsoon studies is to improve the ability 
to predict the atmospheric motion and associated rainfall over 
Asia. Empirical attempts have been made to predict, for 
example, the onset of the monsoon from wind activity over the 
Arabian Sea™ or rainfall of western India from surges and lulls 
in the cross-equatorial fow. Studies made to determine 
dynamical and thermodynamical structure of the atmosphere 
during break and active monsoon have been tentatively used to 
predict the occurrence of these different phases of the monsoon. 
The development of numerical simulation is at an early stage 
but will be activated after the results of the Monsoon Experi- 
ment in 1979. Different types of numerical models can be 
developed. Specific regional fine-mesh models can be used to 
study certain components of the monsoon such as the Somali . 
low-level jet, Bay of Bengal depression and mid-tropospheric 
disturbances. Global models with nested fine-grid system must 
be used to determine the conditions under which monsoon 
circulation interacts with the global circulation. Predictability 
experiments are urgently needed to investigate the feasibility of 
numerical weather prediction over the monsoon region for 
developing numerical prediction models. } 


The experimental programme to 
study the Indian summer monsoon 


For a long time, observations have been confined to the Indian 
Ocean although their deficiencies were recognised. The Indian 
Ocean is so large that international cooperation is necessary to 
make marine observations. An international experiment, the 
International Indian Ocean Expedition (IIOE), was conducted 
in 1963-64 and produced a large amount of information about 
the development of the monsoon over the Indian Ocean”, 
The idea of a special monsoon experiment to be conducted 
during the First GARP Global Experiment (FGGE) was pro- 
posed in 1971. This idea was developed through two experi- 
ments: ISMEX-73 and MONEX-77. ISMEX-73, conducted by 
USSR and India, took place between 15 May and 10 July 1973. 
MONEX-77 took place during the summer of 1977 for the study 
of the Indian summer monsoon; and the winter of 1977 for the 
study of the winter monsoon over the Malaysia—Indonesia 
region. These two limited experiments considerably increased 
our knowledge of the development of the monsoon over the 
Indian Ocean and the structure of some monsoon elements 
(monsoon depressions and Somali low-level jet). They prepared 
the way for the main experiment to be conducted in 1979. 
The main experiment, MONEX-79, has two components: the 
winter monsoon and the summer monsoon. The winter 
monsoon was conducted during the First Special Observing 
Period (SOP I) of FGGE (15 January~15 March). The summer 
monsoon will take place from May to September with an 
intensive period during SOP II of F@GE (May-~June)*’. The 
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Fig. 8 MONEX-schematic illustration of major component programmes (from ref. 57). 


summer MONEX can be divided into two phases. The first 
coincides with the SOP II and, taking advantage of the ship 
network over this area, will study the development of the 
monsoon over the Arabian Sea (Fig. 8). Instrumented US 
aircraft will study the structure of the atmosphere. About 90 
superpressure constant-level balloons will be launched by a 
French group from the Seychelle Islands and Diego Suarez 
(Madagascar) to fly in the tropical boundary layer. The balloons 
tracked by the TIROS-N satellite will provide, along with their 
positions, recordings of pressure, temperature and moisture at 
flight level. This experiment will complement the boundary 
layer data by giving lagrangian trajectories of the. mixed layer 
over the ocean. At the beginning of July the ships will move to 
the Bay of Bengal for the second period to study monsoon 
disturbances generated over this region. For the entire period 
(May to September), the surface synoptic network has been 
strengthened, Commercial aircraft and ships will enhance the 
network (especially the aircraft which will provide data on upper 
tropospheric winds over the ocean). The space-based part of the 
global observing system will be very important, especially the 
geostationary satellite over the Indian Ocean (GOES-1) from 
which winds can be determined by cloud tracers. Thus, with the 
high resolution geostationary satellite picture adequate low- 
level winds over the Indian Ocean can be deduced and a daily 
description of the circulation obtained. An important oceano- 
graphic programme will also be carried out during MONEX. 


Outlook 


From the MONEX and FGGE data sets obtained in 1979, it will 
be possible to study the Indian summer monsoon on both a 
regional and a global scale. Undoubtedly the knowledge of the 
phenomenon will be improved within a few years. All this 
information is necessary for the development of reliable 
numerical models for weather forecasting. Such numerical 
forecasting of the vagaries of the Indian summer monsoon 
would benefit the populations of southern Asia. However, 


forecasting needs continuous information about the present 
state of the atmosphere. The large marine extension of the 
phenomenon means this can only be made on an operational 
basis by space observatories; hence polar orbiting and geo- 
stationary satellites are needed. 
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How tidal heating in Io drives the galilean 


orbital resonance locks 
Charles F. Yoder 


Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California 91103 








Tidal heating in Io is the most likely energy source of its 
volcanic activity. Tidal dissipation in Io and Jupiter also 
controls the resonance configuration among the three inner 
satellites. The formation of the several resonance locks is 
described in detail in this article. This model sets limits on 
the Q values of both Io and Jupiter. 
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THE Voyager 1 spacecraft fly-by of Jupiter provided startling 
images of the several active volcanoes on Io. Tidal heating in Io 
has been identified as a potentially important energy source! and 
it has been suggested that this same mechanism also controls the 
evolution of several orbital resonance locks among the three 
inner satellites. This article discusses in more detail how these 
resonance locks are maintained and describes the effects of 
dissipative tides in both Jupiter and Io on their establishment 
and evolution. The most significant results of this study are that 
the three-body resonance may have formed <5 x 10° yr ago and 
that a measurement of the rate of tidal heating in Io not only 
determines, say, the Q value of Io, but also O, of Jupiter. 
Arguments are also given which limit Q;: 2 x 10°< Q,« 2x 10°. 
The factor Q/27 is equal to the ratio of the peak strain energy in 
each tidal flexing cycle to the energy dissipated per cycle“. 

The most well known resonance involves the three inner 
gallilean satellites, Io (1), Europa (2), and Ganymede (3). The 
mean longitudes A of these three satellites when combined in the 
following combination: A,—3A,+2A, happens to equal an odd 
multiple of 180°. Lieske” found that the libration amplitude of 
this resonance variable is 0.066° + 0.013° and that the period is 
2,074 d. The other set of resonance variables involve the near 
commensurability of the mean motions of the inner pair and the 
forced precession of their pericentres, œ, and a. The mean 
daily motion of œ, and œ is —0.7395° d“'. Sinclair? and Chao’ 
noted that the arguments A, —2A,+4,, Ay-2A2.+ and Àa ~ 
2A3,+@ 2 executed small amplitude librations about either 0 or 
180°. In fact, it is just the interaction of the last pair of variables 
which predominately controls the three body couple. 

Table 1 contains some of the pertinent physical data”'’: mass 
M, radius R, semi-major axis a, mean daily motion n and both 
free forced eccentricities. The free or proper eccentricity 
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represents that eccentricity which would remain if we could 
slowly remove all perturbing forces. The libration amplitude of 
the 2: 1 resonance is equal to the ratio of the free to the forced 
eccentricity. 


Tidal interaction on Io 


It is a common misconception that the principal tide on a 
synchronously rotating satellite moving in an eccentric orbit is 
radial. This idea can be traced to MacDonald’s* purely 
phenomenological model which tried to incorporate the restric- 
tion that tidal dissipation in a synchronously locked satellite 
cannot transfer angular momentum from its spin to its orbit. In 
reality, the dominant tide moves back and forth across the mean 
sub-planet point as the satellite moves in its orbit (see Fig. 1). At 
pericentre, where dissipation and the resultant torque are 
greatest, the orbital angular motion is n(1+2e). As seen from 
the planet, the satellite seems to rotate retrograde with angular 
velocity ~~2en. Dissipation in the satellite causes a time delay 
(=1/Qn) of high tide leading to a displaced tidal bulge which 
leads the instantaneous sub-planet point. The torque by the 
planet acts to spin up the satellite but is prevented from doing so 
because of the existence of a permanent bulge. The effect of 
dissipation is to displace the rigid bulge until the resulting torque 
by the planet exactly cancels the average tidal torque. 

The equations describing the evolution of the satellite orbit 
due to the inelastic planetary and satellite tides are: 


ld | | | 
— = ~¢(1-(7D ~ 12.75)e?) (1) 
n dtr 
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Table 1 Physical data of the three inner gallilean satellites 





Io Europa Ganymede 
M/M,x 10° 4.684 +0.022 2.52340.025 7.803+0.030 
n (deg per day} 203.4890 101.1747 50.3176 
a ikm) 422,000 671,400 1,071,000 
Eforced (2: 1) 0.0041 0.0101 0.0006 
Ctree 1+2x107% 9x 107+ 0.0015 
R (km) 1,818+3 1,533427 2,608 +32 
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For .small homogeneous satellites the Love number k= 
3/19 pgRu `` where p is the density, g the surface gravity and u 
the rigidity. If Io were lunar-like then u ~6.5* 10" and k = 
0.027. Incidentally, Jupiter’s fluid Love number equals 0.50. 
The parameter D is the ratio of the tidal scale factor of Io to that 
of Jupiter. For Io we find that D = 1,300 if we adopt ‘plausible’ 
values for Q; = 5x 10° and Qio = 100. We shall argue later that 
D = 4,300. 

Suppose that Io were formed well inside the orbit of Europa 
about 4.6 x 10” yr ago. Any initially free eccentricity in Io’s orbit 
would be quickly damped by Jupiter, and Io’s orbit would 
thereafter expand, driven by the dissipative tide it raises on 
Jupiter. Europa’s orbit would also expand, but because of I[o’s 
greater mass and smaller semi-major axis, lo would spiral out 
faster. lo would eventually approach the 2: 1 commensurability 
with Europa. This near resonant interaction is a aaa 
described by the following set of differential equations* 


dn, M, ar 
(2 2) [e Cusin (Vi +o) +e,Cy, sin (Vi + 2) ] 


pail i, 
de M, Nu 
Rei (4) 
dtr 
i a 


i -6 qg nalesCia sin (V, +@,)+e2.Co2 sin(V,+a2)] (5) 
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d 2 M, > 
P = Ha (7) 





Cr, exp ii Vi) - ið, 
M, 37 exp 111 Vi) ~ lw. P2 


where V,;=A,—2A>. The coefficients Cu =C = C, = -1.18 
and Cz, = Ca = Cz = +0.42 are polynomials in a,/a,. The 
variations of the pericentre œw and eccentricity are most 
easily described by the variables p =e exp (~ið) and q = p*. 
The parameter w, is the mean precession rate of the orbital 
pericentre due to the jovian oblateness, satellite interactions, 
and o on. For Io, #,=+0.16°d™'. This term and the tidal 
acceleration f Europa shall be ignored in the following dis- 
cussion——-Europa’s acceleration is unimportant because the 
coefficient c- is small (~0.021c,) while the ratio D= 1,000. 





Fig.1 Location of tidal bulge of a synchronously rotating satellite 

at different points in its orbit. The tide lags behind at pericentre (a) 

where the orbital angular velocity f is greatest. The optical libration 

of the permanent bulge has the opposite phase and is 2e radians 
behind a point ($) and ahead at point (c). 
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A solution for the forced motion of p can be obtained by 
assuming that V, = n, is constant. This approximation is valid as 
long as either v/n is large compared to (eM,/M,)'” or the free 
eccentricity is small compared to the forced eccentricity, both of 
which happen to hold in this case. We find 


M 
p=- va e(a)” C, exp (iV +8) (8) 
y Vy \@Qy 
Min ; 
peT — C, exp (iV;) (9) 
J V1 


The mutual perturbation leads to a forced retrograde motion of 
the pericentres of both orbits. Dissipation in lo induces a phase 
lag 6 = £Dc/v, in Io’s pericentre. This phase lag means that Io is 
slightly closer to Europa Ejust after than just before conjunction 
(see Fig. 2). Thus the torque, when averaged over the con- 
junction phase, tends to accelerate Europa in its orbit and 
decelerate Io. 

Substituting the above solutions for p, and p; into the equa- 
tions (4) and (5) for ni; and ñ, we obtain 


dn. d 

7 en Dens =e Send De (10) 
dt dtr 

d °M 

eal NA t4cnıD(=) ——e? = ~10.3en,De? (11) 
di az/ Mr 


As Io tidally evolves outwards, Io's forced eccentricity increases 
until it reaches the critical value ~1/(35D)'’* ~ 0.0026. 
Europa’s limiting eccentricity is ~0.0014. Thereafter, the rela- 
tive outward acceleration of Europa causes its mean motion to 
be exactly half that of Io. This stable state is maintained until 
Europa encounters the 2: 1 commensurability with Ganymede. 
The 4: 1 commensurability of lo with Ganymede is third order in 
the eccentricities and represents a considerably weaker inter- 
action. The inelastic tide raised on Europa will repel Ganymede. 
Still, the acceleration of Europa by Io is so great that Europa’s 
forced eccentricity would have to be at least three times larger 
than its present value (0.0101) for this mechanism to push 
Ganymede out so that n.=2A;. Before Europa’s eccentricity 
can be pumped up to this value the 2:1 frequency v = n — 2n, 
of the outer pair approaches that of the inner pair, v; =n,—2n2. 
The vanishing of the difference frequency describes the 
presently observed three-body resonance. 


Coupling between Europa and Ganymede 


The near resonant gravitational couple between Europa and 
Ganymede can be obtained by indexing the subscripts of (4-7) 
by one. The resulting distortion in the shape of Europa’s orbit by 
both Io and Ganymede is 
Min M, na a2 
a = moe M CO exp (lV. “Vea iV. ‘12 
P a C1 EP AV) FP püV2) (2) 
When this solution is substituted back into the differential 
equation for n,, A2 and n3, we obtain the interaction involving 
the resonance argument @ = Vi — V3. 





d? | 
2 (1-45.0De7) =0 (13) 

dr 

dr, a. 4 r 

g 7 0:68Anz sin dé+cn,(1 -34.6De;) =0 (14) 


The coefficient An} = —0.03858 (1+0.19 cos d)Cd') if we 
include contributions from higher order effects (J. Lieske, 
personal communication). 

The secular acceleration of dé and V, vanish when Io’s forced 
eccentricity = 1/(13D)'”. As this eccentricity is 1.5 times larger 
than that necessary to maintain the 2:1 Io—Europa lock, this 
implies that the system passes through the capture phase (that is, 
when œ vanishes and reverses sign) with the smaller eccentricity. 
After the three body lock is established, lo’s eccentricity is 
pumped up until the quasi-stationary state is achieved. 
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Fig. 2 Relative location of lo-Europa at equal time intervals 

before (b) and after (a) conjunction. Because of the tidal offset ô in 

lo's pericentre, A, > A, and the average tangential torque repels lo 
from Europa. 


The torque acting to repel Ganymede results from an offset of 
the resonant argument œ from 180°. Actually, the transfer of 
momentum from Europa to Ganymede involves the same kind 
of mechanism outlined for the 2:1 case, except that in this case 
the offset in the forced motion of Europa’s pericentre by 
Ganymede is coupled directly to the offset driving the Io- 
Europa pair. The next problem to resolve is the capture 
mechanism, 

One mechanism for changing the energy and the libration 
amplitude of a pendulum-like equation is through the addition 
of a ġ term. The dominant ¢ term in this case comes from the 
resonance-induced variation of Io’s forced eccentricity which is 
inversely proportional to v; =n;—2n, From analysis of the 
equations of motion (4-7, 13, 14) we find that near the three- 
body resonance the variations are dn, = 0.1254, ôn, = —0.276¢ 
and ôn, = 0.023. The additional term to be added to the left 
hand side of equation (13) is therefore 


+60.8cDein,v;'d (15) 


The coefficient of ¢@ is positive, implying that the librational 
energy is reduced through this term. The resulting differential 
equation describing the motion and tidal evolution of the three- 
body resonance happens to be nearly identical to that of spin- 
orbit resonance®*”. An estimate of the probability that capture 
into resonance occurs can be obtained from comparing the 
change in the kinetic energy during the cycle that é reverses sign 
to the maximum change per cycle. The resulting capture prob- 
ability P. is given by 


2 


P: TE aiae aaee emer en 16 
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Evaluating this expression with the appropriate values of e,, r 
and A at capture we find P, = 0.90. Capture into the three-body 
resonance is almost certain. 

The damping of the libration amplitude @,, is approximately 
described by” 


2 sin Ta = A exp (-5 | o(t) ar) (17) 


where o = 60.8cDejn,v;'. Because forced e increases from 
1(335D)'” to 1/(13D)'” the coefficient g varies from ~250c up 
to 1,100c. The secular decrease of v, can be obtained from 
averaging equations (13) and (14). The result is 
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mis ~—0.32¢en,(1 —12.5 De? (18) 
Given that ¢,, = 1.1 x 107° (0.066°), we find that the time since 
capture At =0.024c~' = 1,200 Q, yr. Furthermore, the relative 
change in Io’s semi-major axis is only 0.7%. On the other hand, 
the present forced eccentricity =~ 1/(13.8D)'” is very near the 
limiting value of 1/(12.5D)'”*. From this we can deduce that 
D =4,300. Limits on Q; can be obtained from a comparison of 
the rate of tidal heating to that expected from radiogenic sources 
and an estimate of the total heat input during the lifetime of the 
three-body resonance. 

From equating the rate of change in Io’s orbital energy by the 
satellite tide to the tidal heating rate dE, /dz, we obtain 

dE, 1 „dn, f lo 7 se aaa | 

a4 mF (ge) = 3 MamiaiedDe’ oe) 
The resulting estimate for the rate of heating is 3.0x 
107°O;' ergs’. This is to be compared with the radiogenic 
value of 5x 10° ergs ' for a body of Earth-like composition. 
The apparent fact that Io is much more active than the Earth 
suggests that Q,« 210°, if we assume that for a given heat 
input that surface activity scales with radius. 

The total heat deposited in Io per gramme of material during 
the three-body resonance lifetime is only 0.9 10° ergg’ or 
260 calg™’. If no heat is lost, the mean temperature rise is 
~900 K, which is enough to partially melt lo. 

A lower bound of Q, of ~2 x 10° and an upper bound of the 
heat input in Io of ~10*calg™' can be obtained from the 
condition that Io has significantly tidally evolved and that the 
2:1 resonance lifetime is the age of the Solar System. The tidal 
heating of Europa is at most ~100 cal g`’ because of its very 
small eccentricity (0.0014) during the 2:1 resonance lifetime. 

Voyager 1 images of Europa (fly-by distance ~750,000 km) 
revealed long linear features that may be due to tidally induced 
fracturing. The relative age of these features may be deduced 
from the much more detailed Voyager 2 images of Europa 
(fly-by distance ~190,000 km; resolution ~5 km). If indeed 
these features are of tidal origin, then they should have been 
produced in the past 10°Q, yr during which Europa’s forced e 
has increased from 0.0014 to 0.0101. 

It should be emphasised that all of the above conclusions are 
predicated on Lieske’s solution for the libration amplitude and, 
of course, the story changes if this measurement happens to be 
spurious, The major change is that the three-body resonance 
may be very old. The lower bound on Q, is then reduced to 
~8 x 10* while the heat deposited in Europa could be as high as 
10° cal g”’ because of its much larger forced e once the three- 
body resonance is established. 

In the expansion of the Sun-satellite gravitational interaction, 
a forcing term exists with argument 2A, ~ 0, — w and a period of 
2,076 d which is very near the libration period of 2,074+ 10d (J. 
Lieske, personal communication). 0, refers to the node of 
Ganymede'’s orbit and & to the node of Jupiter’s equator to the 
jovian orbit. The amplitude of the forcing term is very sensitive 
to the difference in these periods. The determination of whether 
this observed libration amplitude is in reality due to this forced 
term rests primarily in improving the masses of the galilean 
satellites. 

On the other hand, a more sophisticated tidal analysis which 
includes the third harmonic tides on Jupiter, europan tides and 
higher order contributions to the coefficient of the @ term are 
not expected to change the primary conclusion that the three 
body was established recently nor alter the above numerical 
estimates by more than ~20%. 

There are other observables which can be used to estimate the 
rate of dissipation in Io. Since Io is about the same distance from 
Jupiter as the Moon from the Earth, the maximum recession of 
Io should be no more than that found for the Moon (~3 cm yr" ') 
and is completely negligible. On the other hand, the variation in 
Io’s longitude times its semi-major axis is quadratic in time. For 
arate of 1.5 cm yr™', the magnitude is 150 km (Ar (in cent.) and 
might be detectable using ~100 yr old eclipse data. 
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Other possibilities are polar wander (thought to be driven by 
mantle convection on Earth) and a slightly faster than synch- 
ronous rotation. This latter possibility occurs if the non-hydro- 
static component of the moment of inertia difference (B— 
A)/C is small compared with the average, periodic tidal 
component. The minimum time scale for either effect is set by 
the relaxation time ~ nh/pgR’ of the zero frequency tidal bulge. 
If the viscosity n = 10°? St (like the Earth’s asthenosphere) and 
the crustal thickness A ~100km, this time scale is ~100 yr. 
Thus these effects are unlikely to be observable from image 
analysis of the Voyager 1 and 2 fly-bys which are separated by 
only 154d. l 


Other implications 


Some variants of this sequence of events can be dismissed 
because of their low probability. It is unlikely that Io first 
encounters the three-body resonance well before the 2:1 near 
commensurabilities are achieved, because the capture prob- 
ability, which scales like v~’’*, would be small. The possibility 
that Europa might have tidally evolved into a quasi-stationary 
2:1 commensurability with Ganymede first limits the heat input 
in Io to ~200calg `. This amount of heat is probably 
insufficient to drive the observed surface activity. 

Another variation is that Io’s forced eccentricity, when Io 
encountered either the 2: 1 or three-body resonance, may have 
been pumped up significantly larger than its present value. This 
would be expected if lo were initially more rigid than at present 
because of the absence of a large fluid core. The nearly elastic 
periodic tides would rapidly build up until the elastic limit is 
reached after which massive satellite-wide fracturing occurs. 
The catastrophic increase in tidal dissipation and perhaps tide 
height could provide the trigger for core formation. 

Among the other satellite resonance locks, only the saturnian 
pair Enceladus—Dione has an e-type lock where the free eccen- 
tricity of one member is exceptionally small. The forced eccen- 
tricity of Enceladus is 0.0044 while the free eccentricity is 
~1x10-*. Enceladus is apparently a small icy satellite (M = 
1.5x 107 Ms, R =270 km and p ~ 1.0 gcm™*). The parameter 
D ~ 60 if we assume u = fice ~ 9 X 10" and Q,/ Qen = 10°. Thus 
it is unlikely that this pair has reached a steady state configura- 
tion. It is possible that originally €g, was pumped up to some 
critical eccentricity which caused catastrophic fracturing. The 
effective rigidity may have been sufficiently reduced, such that 
this pair too has achieved a quasi-stationary orbital configura- 
tion. The Voyager 2 fly-by of Enceladus may reveal another 
curious satellite whose past and present state is controlled by 
tidal friction. 
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Conclusions 


We conclude that tidal dissipation in Io is a plausible energy 
source for the volcanic activity and is the controlling mechanism 
which leads to the establishment and the present state of the 
several resonance locks. The most plausible sequence of events 
is in four stages. (1) All three satellites are in orbits far from 
either the 2:1 commensurabilities or the three body lock. The 
tide raised on Io quickly damps down: the free eccentricity on a 
time scale <10° Q, yr. Only modest tidal heating in Io occurs. 
(2) The dissipative tide raised on Jupiter by Io is dominant and 
causes lo’s orbit to spiral outwards. No significant tidal heating 
occurs. Io approaches the 2: 1 commensurability with Europa in 
stage (3). Io’s forced eccentricity rapidly increases to the critical 
value ~1/(35D)'’*~0.0026. Thereafter the resonant inter- 
action causes Europa’s orbit to expand at exactly half that of Io’s 
orbit. Tidal heating probably leads to the formation of a fluid 
core. Finally (4) Europa approaches the 2: 1 commensurability 
with Ganymede but instead of dissipation in Europa repelling 
Ganymede we find that Io must work even harder using the 
three-body resonance to transfer angular momentum from 
Europa to Ganymede’s orbit. We again rapidly reach a steady 
state as €i approaches 1/(13D)'”. 

Based on the observed three-body:resonance amplitude of 
0.066°, we have concluded that the three-body resonance was 
established 1,200 Q; yr ago. About 220 cal g”' could have been 
deposited by tidal heating during this interval and is just 
sufficient to produce a large fluid core in Io. The 2:1 near 
commensurability of Ilo may be considerably older than the 
three body lock. Upper and lower limits of Q, are 2 x 10° and 
2x 10°. Analysis of Voyager data should provide an estimate of 
the energy necessary to drive Io’s volcanic activity and provide a 
firm estimate of the jovian Q;. 

I thank J. H. Lieske, W. R. Ward, A. W. Harris and J. G. 
Williams for helpful comments. This article presents results of 
one phase of research carried out at the Jet Propulsion Labora- 
tory, California Institute of Technology, under contract no. 
NAS 7-100, sponsored by the Planetary Geophysics and Geo- 
chemistry Program Office, Planetary Division, Office of Space 
Science, NASA. 
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Radio trails are interpreted in terms of the twin-jet theory of 
double radio sources. A simple dynamical model of a 
narrow jet bending under the ram pressure of the intra- 
cluster medium is calculated and applied to some obser- 
vations of the source associated with NGC1265. Observed 
radio emission must come from the interior of the jet, which 
is surprisingly stable to disruptive instabilities. 
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RADIO TRAILS (head-tail sources, twin-tail sources) are a 
distinctive morphological class of weak extragalactic radio 
sources™?. The most natural interpretation of their radio shape is 
that the associated active elliptical galaxy, which would other- 
wise have produced a normal double source, belongs to a cluster 
and is moving at 2 1,000 kms™' through an intracluster gas’. 
The radio-emitting regions are then swept backwards by ram 
pressure. The wide-angle trails (bent doubles’) such as 3C 465°“ 
are an intermediate category where the motion of the galaxy 
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causes distortion to a lesser degree. The two best studied radio 
trails are 3C83.1B°™“, associated with the galaxy NGC1265 in 
the Perseus cluster, and 3C129°". 

In many weak radio sources, there is now good morphological 
evidence *”"° for continuous energy supply, via collimated jets 
or beams emanating from the nucleus of the associated galaxy or 
quasar''”'*. Recently, Owen ef al.” have produced a high 
resolution map of NGC1265 in which narrow, quasi-continuous 
streams can be seen emerging from the nucleus of a galaxy 
associated with a radio trail. These streams have a transverse 
angular scale <2” and appear to be bent back into a curved arc 
until, at a distance ~30 kpc from the nucleus (assuming a 
distance to the cluster of 100 Mpc), the jets disappear in high 
surface-brightness features and presumably merge into the trail. 
The radio emission from the beam at <5 GHzis ~ 10* ergs, 
only a few per cent of the radio luminosity of the tail. 

As argued by Owen er al." these observations pose difficulties 
for the ‘discrete blob’ model of radio sources'*”* in which 
independent gas clouds plough through previously undisturbed 
intergalactic medium. The distinctive feature of a jet inter- 
pretation is that each element of gas moves along a pre- 
established track (whose curvature is determined by the mean 
momentum discharge averaged over the recent history of the 
source) rather than on a trajectory depending on its individual 
cross-section and inertia. In NGC1265, the fact that there is a 
bright unresolved nuclear source indicates continuing activity 
and outflow from the galactic centre. 

Here we give a simple discussion of the dynamics and equili- 
brium of a curved jet, assuming that the jet carries a steady flux 
of energy and momentum, and ignoring all complexities stem- 
ming from instabilities, entrainment, and so on. Then we make 
some quantitative estimates for NGC1265, and discuss the 
relationship between the curved jet and the extended tail. 
Further implications and various difficulties are also discussed. 


Dynamics of a curved jet 


Consider a narrow, collimated, supersonic jet emerging from the 
central region. It must come into dynamical equilibrium with the 
presssure of the cluster gas sweeping past the jet. The flow 
pattern that we envisage is shown in Fig. 1. The intracluster 
medium (ICM) of electron density ne, temperature T., flows 
towards the jet with the galaxy’s velocity with respect to the 
centre of the cluster, V,. We ignore gas motion in the ICM and 
assume that there is no significant mixing between the jet and the 
ICM, justifying this assumption a posteriori. If the galaxy moves 
supersonically, there will bea cylindrical stand-off bow shock; 
the stagnation pressure at the origin, where the jet is perpendi- 
cular to V, will exceed the ambient ICM pressure by po = 
2.9M on.kT, where M, is the Mach number associated with the 
galaxy’s motion through the ICM". (This formula is also 
approximately valid for subsonic motion). The jet will be 
accelerated transversely within this transition region and the 
density profile will adjust to establish a pressure gradient across 
the jet, and to come into pressure equilibrium with the ICM 
either by expanding through a series of rarefaction waves or 
through being heated by a combination of weak shocks and 
compression waves. Downstream from the jet, the flow will 
come into rough pressure equilibrium with the ambient ICM and 
so the pressure difference across the jet will be roughly the same 
aS Po. 

The rate of bending of the jet is governed by the jet density 
profile. In order to calculate a simple model, we treat the jet 
velocity V; as constant, and the jet fluid as having a temperature 
T, which depends on distance along the jet. We approximate the 
complex gas flow by relating the pressure at the jet surface to the 
stagnation pressure by the factor cos? œ, where ¢@ is the angle 
between the surface normal and the surface normal at the 
stagnation point’ (see Fig. 1), This relates the pressure to the 
momentum flux incident on the surface in the shocked ICM. In 
cross-section, the jet profile then has the form y= 
2h cos”! [exp —(x/2h)] where the scale height is h = 2 kT,/my,g, 
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Fig. 1 Schematic diagram of the bending of a jet by a transverse 
supersonic fow. Axes X, Y describe the equilibrium shape of the 
jet in a frame moving with the galaxy. Axes x, y describe the profile 
of the jet in cross-section. The pressure difference across the jet is 
comparable with the ram pressure of the intracluster medium. In 
the jet, this is opposed by the centrifugal force associated with the 
curved trajectory. After bending through a large angle, the jets 
disrupt and share their mass, momentum and energy fluxes with the 
shocked intracluster medium. Dissipation of relative kinetic energy 
creates a mixing region of transverse size ~ w. The mixture of 
thermal gas, relativistic particles and magnetic field flows down- 
stream away from the galaxy to form the | 


where g is the effective acceleration felt by the material in the jet 
as it follows its curved path. 

We make a similar assumption about the variation of the 
pressure p along the jet axis. In a frame such that X and Y are 
the coordinates of the jet relative to the point where the velocity 
is perpendicular to the galaxy’s velocity, the jet curvature is 
Y"(i+ Y??? For a given effective specific heat ratio y in the 
jet we can calculate the trajectory from 


g= v? Y"a J ya ae Po a ae yor- (1) 
RjoMpħo 
The stagnation pressure, jet electron density and scale height are 
Pos Njo and ho respectively. The scale height varies along the jet 
as h=(1+ Y°) ho. From equation (1) we see that the jet 
Mach number M, is related to the radius of curvature Re at the 
stagnation point by? 


M; = (Ro/yho)'” (2) 


Note that if n. and V, are known, and A can be estimated from 
the radio contours, then the momentum flowing along the jet, 
mhoRopo, can be inferred from the observations (apart from 
projection effects), The energy flowing along the jet is larger by 
the unknown factor V;/2. 


Application to NGC1265 (3C83.1B) 


The galaxy NGC1265 has a radial velocity ~ 2,300 kms" 
relative to the mean velocity of the Perseus cluster. Then 


V, ~ 2,300 
M,~2.1(T/5 10’ K)? seci (3) 


where i is the angle between the galaxy’s velocity (relative to the © 
cluster centre) and our line of sight and T is the temperature of 
the ICM. If NGC1265 is bound to the Perseus cluster, then 
cos! 20.6. n. is probably ~3x10 cm”; the X-ray data 
suggest T.~ 5x 10’ K, implying that M, lies between 2 and 4, 
and vindicating our assumption of supersonic flow. 

The internal pressure within the beam at the stagnation point 
is 


secikms™; 


Po=3X107'(n./3 X10 em™*) sec? idynem™’? (4) 
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An important check of the self-consistency of this mode] for 
NGC1265 is then to ask whether this value of po permits a high 
enough volume emissivity to account for the observed radio 
emission. This emission is non-uniform along the jet, the mean 
value being ~ 5 x 107"? dyn cm”. This value is calculated on the 
assumption that the spectrum extends, with spectral index 0.8, 
up to 10 GHz (see ref. 8), but making no allowance for relativis- 
tic protons. In the individual ‘hot spots’ the pressure is higher; 
the precise value depends on the detailed geometry, but an 
estimate would be 24x107'' dyncm”™’, The- corresponding 
equipartition field is in the range (1-4) x 107° G. Comparing 
these two estimates of the pressure we conclude that the 
magnetic and relativistic electron components of the jet fluid 
must be in approximate equipartition, and the thermal particles 
(though they may greatly outnumber the relativistic particles) 
cannot dominate the pressure. Furthermore, the radio emission 
cannot come from a region (for example, a thin surface layer or 
ribbon) involving some small fraction of the cross-section 
assumed on the basis of cyclindrical symmetry. 

The synchrotron lifetime for an electron emitting at 5 GHzin 
the equipartition field is ~ 5 x 10° yr which is of the order of 10 
times the time for the ICM medium to flow past the jet and 
probably shorter than the flow time along the jet. This argues in 


<u favour of emission from the jet itself rather than from a sheath of 


shocked ICM and indicates the need to reaccelerate relativistic 
electrons in situ. The most surprising implication of this model, 
however, is the small fraction of the jet kinetic energy that is 
dissipated along its length. The precise relationship between the 
radio emissivity and the jet geometry obviously depends on very 
specific details of the model. In almost every hypothesis, 
however, the transverse extent of, the radio contours would 
correspond at least to a scale h. The narrowness of the observed 
radio jet then implies that (A/R) = 0.05, so that <M;* = 0.05 of 
its kinetic energy can have gone into internal energy. Unless, for 
example the jet is a powerful millimetre source, it is impossible 
that a large fraction of the jet kinetic energy be radiated away, 
because the total observed jet luminosity is <0.02 of the radio 
power of the tail. These considerations in turn imply that the 
fraction of the ICM material impacting on the beam which can 
be entrained must be <M;7(V,/ V3). 

There is therefore observational support for the simple 
dynamical model of the jet outlines above. We have integrated 
equation (1) for a specific heat ratio of 5/3 (using y = 4/3 makes 
little difference). The resulting flow must be projected onto the 
sky..We have used cos ij = 0.8 and varied the angle j between the 
jet axis and the line of sight to obtain a rough fit to the shape of 
the observed radio contours. This is shown in Fig. 2. We find that 
i7 60°. If the jet angular width near the galaxy is ô, then 

~ 6(8/1")" "7, and the existence of unresolved features <0.5” 
in aie suggests that M, = 8. However, if we take the width of a 
smooth trajectory enveloping the faintest contour, then we 
obtain M,~4. The angle between the jet axis and the galaxy’s 
velocity is ~ 80°, and it is the closeness of this to 90° that is 
perhaps responsible for the unusually symmetric appearance of 
NGC1265. 

Polarisation observations can in principle provide informa- 
tion on the density and hence V,. The observations of Owen et 
al.* do not provide polarisation data but if the reported 30% 
polarisation’ is due to the narrow jet, it implies highly ordered 
internal field structure, probably aligned along the jet by shear- 
ing motions. If the thermal plasma is uniformly distributed 
throughout the jet and not contained in dense clouds, then lack 
of depolarisation implies that n,;<0.06. This is not a very 
significant limit. However, if the same level of polarisation in the 
narrow jet persisted down to lower frequencies it would set a 
more stringent limit on n,, and thereby set a lower limit on V}. If, 
for instance, the jet remained highly polarised down to 
400 MHz, n; would have to be so low that the required momen- 
tum flux could be supplied only if Vj exceeded ~ 10* km s™ (a 
value that seems likely on other grounds). 

The total luminosity of the tail is ~6 = 10*' ergs”'. There is 
unlikely to be. sufficient kinetic energy flux associated with the 
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Fig. 2 VLA map of 3C83.1B at 4,886 MHz reproduced from 


Owen et alf; ; only contours in the vicinity of the jet have been 

drawn. The shaded ellipse respresents the half power contour of 

the clean beam, corresponding to a resolution of 1.5”x 1.0". 

Superimposed on this map is a trajectory obtained from integrating 
equation (1). 


ICM to supply this. If this energy were all supplied by the jet 
then even assuming 100% efficiency we would infer, from our 
estimate of the momentum flux, a lower bound on V; of 4,000 
(6/1")"'(n./3 x 10°* cm °)? km s™'. The jets appear (at least 
on one side) to break up after bending through ~ 75°. The jet 
material may then share its momentum with the shocked ICM 
downstream (M.C. Begelman, in preparation), the energy 
thereby dissipated going into the production of a sheared 
magnetic field and into particle acceleration. The magnetic field 
strength within the tail region (assuming equipartition between 
the thermal gas, relativistic electron and magnetic energy, and 
pressure balance with the ambient ICM pressure) is ~1075 
(n./3 x 107* cem™*)'”? (T./5 x 10’ KY G: lower by a factor ~ M, 
than the field strength in the jet and slightly greater than the 
equipartition value inferred from observations. The tail has a 
width W ~40 kpc and is highly polarised with a rotation 
measure ~ 30 rad m`™?. If the magnetic field is aligned parallel to 
the tail, as is expected if it is amplified by shear, then we can 
estimate the tail electron density to be 1,~10°*cm™*. For 
comparison, the mean electron density in the jet plasma is only 
~ 107° (6/1")*(V,/10,000 km s~')~! cm? and so there must be 
some mixing with the ICM. In any case, n, is smaller than Ne 
hence this model supports the idea that buoyancy is important in 
shaping the outermost parts of the tail’®*°. 


General implications 


Our basic starting point has been to assume that the tail. of 
NGC1265 is energised by a ‘twin-jet’ emerging from the 
nucleus. This assumption is supported by the smooth arc-shaped 
curvature manifested in the high-resolution radio maps, the 
existence of an active radio nucleus in NGC1265, and by 
analogies with normal double sources. This interpretation 
requires that the jets be surprisingly stable and resistant to 
Kelvin—Helmhotz instabilities: the intergalactic wind flows 
across the beam with very little mixing or entrainment. The jets 
are able to maintain a Mach number 24 whilst being curved 
through an angle ~ 70°. We would conjecture that the real flow 
pattern has no sharp velocity discontinuities: small-scale 
instabilities would certainly be inhibited if the shear layer actu- 
ally had a thickness comparable with h. 

We note also that the density profile across the jet is unlikely 
to follow the simple exponential law that we have assumed in our 
explicit model. Moreover, the flow pattern of the intergalactic 
medium through the galaxy is presumably much more complex 
than the uniform wind we have considered; even if there is not a 
large ‘dead zone’ of gas trapped in the galaxy’s potential well, 
the flow pattern is likely to be modified by the entrainment of gas 
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resulting from stellar mass-loss in the galaxy. Our estimates of 
the energy flux and momentum flux along the jets are, 
fortunately, insensitive to these details. From the power 
requirements in the tail, we can guess that V;~ 10*kms~'. This 


corresponds to a flow time along the jet of 2x 10° yr, a power 


~2x 10* (n./3 x 10°* em™*)(8/1")(V,/10* km s”!) ergs anda 
mass discharge ~0.05(n./3 x 10™* em™*)(8/1") V,/10* km 
s) Meoyr. The energy and mass fluxes required of the 


nucleus are very smal] compared with those of the most powerful 


doubles. | | 
The irregularities in the radio contours delineating the jet 
path imply either that its properties are unsteady or that there 
are instabilities along its path. The latter would not be: unexpec- 
ted--what seems astonishing is that the jet is stable enough to 
persist at all when exposed to a strong transverse force. Varia- 
tions in the central energy supply—involving changes in V; or in 
the internal properties of the ejecta—will also lead to nonuni- 
formities along the track of the jet. If the jet were ever to switch 


off, the channel which it had made would persist for a time — 


~ 3h/ V;~ 10° yr. Variations on timescales less than this would 
lead merely to inhomogeneity but if the nuclear activity revived 
after a dormant phase longer than this, the jet would need to be 
re-excavated; a bow shock would advance out at a speed 
~M,V, as in the standard model for a double radio source 
component. 

We have shown how the high resolution observations of 
NGC1265 may be interpreted in the context of a jet model and 
have constructed a simple equilibrium gas flow to describe the 
overall morphology. It remains to be shown that this flow is not 
subject to serious disruptive instabilities until the jet has bent 
through an angle 270°. The best hope for investigating 


empirically the importance of these instabilities is perhaps with 


laboratory wind-tunnel experiments. | | o 

Finally, we note that, although other radio trails may not show. 
such symmetric arc-shaped central structure when studied with | 
~l" resolution,”’ the same qualitative’ picture can apply. 
NGC1265 must be unusual in that not only do its velocity and 
beam axis both have substantial components transverse to the 
line of sight, but, furthermore, the beams happen to be directed. 
almost perpendicular to the galaxy’s motion through the IGM. 

We thank J. Burns and F. Owen for a preprint about 
NGC1265. R.D.B. was supported in part under NSG grant 
AST78 05484, and acknowledges hospitality at the Institue of 
Astronomy, | | T 
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Sequence, structure and activity of 


phosphoglycerate kinase: 


a possible hinge-bending enzyme 
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The fitting of sequenced peptides to a high-resolution X -Fay 
map of phosphoglycerate kinase has yielded the complete 
sequence and structure of the horse muscle enzyme. Metal 
ADP and ATP substrates are bound to one of the two 
widely separated domains in an environment that seems 
unsuitable for phosphoglycerate binding. The most plaus- 
ible binding site for the phosphoglycerate substrate is on the 
other domain about 10 A from the ATP, which implies the 
possibility of a large scale hinge-bending of the domains to 
bring the two substrates together in a water-free environ- 
ment for catalysis. 
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1,3-diphospho-D-glycerate + ADP = , | 
3-phospho-b-glycerate + ATP 


The enzyme is required for ATP generation in the glycolytic 
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pathways of aerobes and anaerobes, and for carbon fixation in 
plants. PGKs isolated from a wide variety of sources are 
monomeric with molecular weights around 45,000, with 
comparable amino acid compositions and similar catalytic prop- 
erties. This has led to the proposal’ that the enzyme has a highly 
conserved molecular and active site structure. . —_ 

Preliminary X-ray studies of the horse muscle** and yeast 
enzymes*” have shown that they are structurally homologous. 
The most remarkable feature of the PGK molecule is that its — 
single polypeptide chain is organised into two widely separated 
domains of almost equal size. The results we report here suggest 
that this feature of the tertiary structure is probably associated 
with a large-scale ‘hinge-bending’ conformational change in the | 
enzyme that is broadly similar to that previously reported for 
hexokinase”. 
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* Present address: MRC Laboratory of Molecular Biology, Hills Road, 
Cambridge, UK. Ss ea waa 
t Present address: Centre de Recherche sur les Mechanismes de Crois- 
sance Cristalline, CNRS Faculté des Sciences et Techniques de Saint- 
Jerome, 13397 Marseilles Cedex 4, France. 
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Experimental methods 


Initially, a three-dimensional electron density map of horse 
PGK was obtained by conventional isomorphous replacement, 
using two derivatives, ethylmercuric phosphate and ethyl- 
mercuric chloride, each of which react with up to six of the 
enzyme’s seven sulphydryl groups. The X-ray intensities of the 
native enzyme and the two derivatives were collected on a 
five-counter, five-circle diffractometer’ to 2.5 A resolution. The 
data were corrected for Lorenz polarisation and radiation 
damage, and for absorption using the Huber—Kopfmann tech- 
nique*. The phases of the 13,000 structure factors were esti- 
mated using the isomorphous and anomalous contributions of 
the heavy atoms. In parallel with the incorporation of the 
side-chain information from the sequenced peptides (see 
below), the protein structure was subjected to crystallographic 
refinement using the Hendrickson—Konnert constrained least 
squares program’, and the resultant calculated phases combined 
with the isomorphous phases using Hendrickson’s method" to 
produce improved electron density maps. This procedure was 
carried out in three stages using: (1) main-chain atoms only 
(including B-carbons); (2) main chain+200 available side 
chains; (3) main chain + 400 available side chains. As shown in 
Table 1 at each stage the conventional R factor for the 
refinement decreased, the figure-of-merit of the combined 
phases increased, and the new electron density maps improved 
markedly in interpretability. 

The sequence analysis was carried out using both automated 
and manual Edman degradation of cyanogen bromide peptides 
and fragments derived from them by digestion with proteolytic 
enzymes. Treatment of horse muscle PGK with cyanogen 
bromide produced the 14 peptides consistent with the presence 
of. 13 methionine residues in the molecule. The cyanogen 
bromide peptides were separated by gel filtration, ion-exchange 
chromatography, and where necessary, paper electrophoresis. 
The sequences of the individual peptides were obtained by a 
combination of automated Edman degradation using a Beck- 
man 890C Sequenator, and the dansyl-Edman technique’’. As 
with the enzymes from yeast, rabbit mustle’* and human eryth- 
rocytes’*, horse muscle PGK was found to have a blocked 
N-terminus. Thermolytic digestion of the N-terminal cyanogen 
bromide peptide revealed an N-substituted serine derivative, 
which was shown to be N-acetylserine by mass spectrometry. 

Alignment of the sequenced cyanogen bromide fragments 
was carried out on the X-ray map. The six peptides containing 
more than 30 residues were fitted first. Their possible location 
on the molecule was determined using the following criteria: (1) 
each peptide began and ended at plausible methionine residues 
in the map; (2) any cysteine residues present in the sequence 
were located near one of the six known sites of mercurial 
binding; (3) Phe, Tyr and Trp residues in the sequence coincided 
with large side-chain densities; and (4) each of the 12 internal 
B-strands in the map corresponded to consecutive sequences of 


Table 1 Statistics of the X-ray analysis 


Figure 
Phase set No. of atoms R* of merit 
Isomorphous _— — 0.46 
Combined set 1 1969 (main chain) 0.56 0.54 
Combined set 2 2472 (main chain + 200 
side-chains 0.45 0:62 
Combined set 3 3016 (main chain + 400 
side-chains) 0.32 0.73 


No. of intensities measured 


for native set to2.5A 32,900 
No. of unique reflections to 2.5 A 13,000 
Merging Rt for native set 5 0.04 

R* z L (Pops ~ Foaie) i Ri= 2 ons ~ mean) 


x Fos > dobs 
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four to six hydrophobic residues. The remaining eight peptides, 
which had 20 or fewer residues, often did not fulfil a sufficient 
number of criteria for an independent fit to be made with much 
confidence. Instead, when the sequence or lengths of all of them 
were available, they were fitted into the gaps between the longer 
peptides. Each fit was considered confirmed only when, in 
addition to all other criteria, it was found that internally posi- 
tioned side-chains corresponded almost without exception to 
hydrophobic residues, and there was a good match of size and 
shape of the sequenced residues to their electron densities. 

The 14 peptides were accommodated on the X-ray map in an 
end-to-end fashion, covering the complete polypeptide chain 
visible in the map. This fit is shown in Fig. 1, with the methionine 
residues marked to indicate the linkage of the sequenced 
peptides. The total of 416 residues in the polypeptide chain of 
horse muscle PGK corresponds to a molecular weight of 44,519, 
in good agreement with independent determinations‘; and the 
total numbers of each type of amino acid residue are consistent 
with the overall amino acid composition’. Preliminary 
comparison of this sequence with peptide sequences from yeast 
PGK suggests a considerable degree of homology between the 
enzymes (L. A. Fothergill, personal communication). 


Molecular structure 


Figure 2 shows a drawing in the conventional arrow and cylinder 
form of the tertiary structure of phosphoglycerate kinase. The 
division of the molecule into two discrete, separated globular 
domains can be seen clearly. It is now evident that the domains 
correspond to the N-terminal and C-terminal halves of the 
polypeptide chain, with the sole exception that the final 12 - 
residues of the chain, forming helix 15, are packed in the 
N-terminal domain. There are therefore two links between the 
domains; the major one represented by residues 186-189 that 
form the junction between 8-strand F and helix 7; and the minor 
one around residues 404—406 that connects helices 14 and 15. It 
is interesting to note that no element of regular secondary 
structure crosses the domain interface: strand F is clearly part of 
the N-domain, whereas helix 7 is associated with the C-domain; 
helices 15 and 14, respectively, are similarly disposed. 

The N- and C-domains are almost precisely the same size and 
each is composed of a central B-sheet of six parallel strands 
surrounded by helices. In topological terms the order of the 
B8-strands in the C-domain (CBADEF) is the same as that in the 
NAD-binding domain of the dehydrogenases’*; whereas the 
order in the N-domain (CDBAEF) differs only in the location of 
strand D. There are, however, no significant similarities in the 
sequences of the two domains and their detailed structures are 
different. As in other glycolytic enzymes® there is a marked 
tendency for the secondary structural elements to be organised 
as repeating (B-a) units’®: in PGK the (B-a) motif is repeated 
12 times. 

In total, the PGK molecule has 15 helices, 12 internal B- 
strands, and at least five surface B-strands. On the basis of the 
number and extent of the secondary structural elements shown 
in Figs 1 and 2, the PGK molecule has a minimum of 104 
residues located in B-structures, and 174 in helices: these 
numbers represent 25% and 42% respectively of the residues in 
the molecule. 


Substrate binding 


Horse PGK crystals grown in ammonium sulphate and equili- 
brated in potassium tartrate bind AMP and the complexes of 
ADP and ATP with Mg** or Mn’*, at a single site on the 
C-terminal domain. The difference maps of MgATP at 3A 
resolution, and of MnATP at 2.5 A resolution are sufficiently 
detailed for the conformation'’ of the bound nucleotide to be 
determined. The base is in the anti conformation with respect to 
the sugar, (x ~ 80°); the sugar pucker is C3’ endo; and the 
conformation about the exocyclic C4’-C5' bond is gauche(—) 
(or trans~gauche). The triphosphate chain of ATP is in a some- 
what coiled conformation and directed away from the adenine 
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Fig. 1. Sequence of horse muscle phosphoglycerate kinase determined by ordering the 14 cyanogen bromide peptides on the X-ray map. The — 
methionine residues that terminate each peptide are circled, The position and extent of the a-helices and 8-strands are indicated, using the same - 
nomenclature as in Fig. 2. l 


group. This conformation can be seen in Fig. 4; it is quite 
different from the conformation observed in crystals of ATP". 
Bound ADP has the same conformation as bound ATP. 

The major interactions between the enzyme and the nucleo- 
tides are shown in Fig. 4. The adenine ring is almost completely 
buried in a deep, narrow slot. The amino group is innermost and 
probably makes a hydrogen bond with main-chain carbonyl of 
Leu 313. The adenine slot is lined by the main-chain segments 
that immediately follow B-strands G, H and J: Gly 212, Gly 213 
and Ala 214; Gly 236, Gly 237 and Gly 238; and Val 339, Gly 
340 and Val 341, giving the site a similar character to the 
aromatic specificity site of chymotrypsin’’. The ribose is located 
in a shallow depression above the pyrrolidine ring of Pro 338. 
Ribose binding involves the side chain of Glu 343 which appears 
to move and stiffen to form hydrogen bonds with probably both 
the 2'- and 3’-hydroxyls of the sugar. The a-phosphate group 
seems to make an ion-pair interaction with the charged e-amino 
group of Lys 219. The 8- and y-phosphates of ATP are located 
about 5 A from the amino-terminus of helix 13; but do not 
interact with any side-chains. Hol et al.” have recently shown 


that the phosphate moieties of bound NAD, FAD and other 
phosphate-containing ligands, are similarly positioned in rela- 


tion to helices in other enzymes, and suggest that there is a 
favourable ionic interaction between the negatively charged 
phosphates and the positive dipole at the N-termini of helices. It 
seems reasonable to conclude therefore that helix 13 in PGK 
acts as a phosphate-binding helix as suggested by Hol et al., 

The binding of metal-ADP and -ATP complexes to PGK is 
accompanied by very similar small conformational changes in 
the vicinity of the binding site, and the only major difference 
between the interaction of the two nucleotides with the enzyme 
is in the location of the metal. Difference maps of the boünd 
MgADP complex at 3 A resolution in both sulphate and tartrate 
show a peak almost resolved from the main ADP density as 
shown in Fig. 3a. This peak coincides with the major peak in a 


difference map at 6A resolution between MnADP: and 
MgADP, and can therefore be reasonably ascribed to the metal 
ion. It is located about 4 Å from both the a- and B-phosphates, 
and close to the carboxylate of Asp 374 as shown in Fig, 4. In 
contrast none of the difference maps of metal-ATP complexes 
shows a peak at this position (see Fig. 3b). Instead, differerice 
maps of MnATP at 2.5 A resolution and of MnATP-MgATP at 
6 A resolution show low peaks about 4 A from the y-phosphate. 
This evidence suggests that the metal may be associated with the 
y-phosphate of ATP as shown in Fig. 4. 

This X-ray picture of the nucleotide binding site on horse 


_ PGK is in excellent agreement with that produced for the yeast 


enzyme from the NMR studies of lanthanide ADP and ATP 
complexes”. The conformation of bound ATP revealed by both 
techniques is essentially similar, and the close cluster of three 





Fig. 2 A drawing of the structure of the native horse muscle 

phosphoglycerate kinase molecule. a-Helices are defined by 

cylinders and the 8-strands by arrows which also denote their 
direction. . 
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Fig. 3. Equivalent two sections through the difference maps of a, 
MnATP at 2.5 A resolution and b, MgADP at 3.0 A resolution, 
approximately in the plane of the ribose and a-phosphate (see Fig. 
4). The adenine is below the plane to the left and the remaining 
phosphates above the plane to the right. The peak corresponding to 
the metal in ADP can be clearly seen, as can its absence from this 
position in ATP. Interchange of Mg” for Mn** has no effect on the 
metal position, nor on enzyme activity ’”. 


histidines located by NMR can be reasonably identified with the 
equally close cluster containing His 62, His 169 and His 172 
shown in Fig. 4 by their similar position relative to the nucleo- 
tides. 

In contrast to PGK crystals in sulphate, which do not interact 
with 3-phosphoglycerate even at high concentrations*’, the 
same crystals in tartrate exhibit large changes to their diffraction 
patterns at quite low concentrations of this substrate. However, 
difference maps calculated at 6 A resolution reveal that the 
intensity changes are almost entirely accounted for by con- 
formational changes that occur throughout the enzyme and most 
probably correspond to a rotation of the two domains relative to 
one another. Unfortunately it is not possible amongst the 
numerous peaks corresponding to the conformational change to 
identify any single peak as representing the bound substrate. A 
difference map calculated at 6 Å resolution of the ATP-3- 
phosphoglycerate ternary complex is similar to the sum of the 
difference maps of the two equivalent binary complexes. 


Possible mode of action 


It would be expected that location and definition of the binding 
site for one substrate in a two-substrate enzyme such as PGK 


Lys 215 
+ 
we oe 
N 
Gh 
è Qs 


SARI maa ARO RRS ROT, ERA iil SI SIP iiie “udm em. NY nti 


qr te 


\\ Hoyw e ~ + 
en a ; 8 d- `o d So G 
OTY 
i ; = hap > M1 _Giya73 
+ we, 


C~ Domain 


Asp374 


Nature Vol. 279 28 June 1979 


would lead to the identification, at least in general terms, of the 


_ binding site of the second substrate, and the catalytic site. This is 


not so on either count for PGK, as an examination of Fig. 4 
shows. ATP is bound with its y-phosphate, which is transferred 
by the enzyme, in a region of the molecule almost devoid of 
functional groups, and almost completely exposed to the 
solvent. The amino acids closest to the y-phosphate include two 
triple glycine sequences, residues 371-373 and 394-396, and 
Leu 399. The nearest functional groups, Arg 38, His 169, Lys 
215 and Glu 403 are about 10 A distant. In this environment it is 
very difficult to discover any plausible binding site for 3-phos- 
phoglycerate sufficiently close to the ATP for direct transfer of 
the phosphoryl! group to occur; or any functional groups close 
enough to the y-phosphate of the ATP to catalyse the transfer; 
or finally, how water could be excluded from the vicinity of the 
y-phosphate during the catalytic reaction. 

There seem to be three possible explanations of this apparent 
paradox: (1) the observed ATP does not represent the phos- 
phorylating nucleotide; (2) the observed domain geometry of 
the enzyme is an artefact of crystallisation; (3) the phos- 
phoglycerate substrates bind at a site distant from the nucleotide 
site. Although in relation to the first possibility the presence of 
more than one substrate binding site has been proposed to 
explain the nonlinear kinetics of homologous yeast”, and 
human erythrocyte** enzymes (which may have a different 
origin as discussed later), the independent X-ray studies of the 
horse and yeast enzymes’, and NMR studies on the yeast 
enzyme?’ all reveal the same single binding site. The second 
possibility seems highly unlikely because yeast PGK, the crystal 
packing of which is quite different to the horse enzyme, exhibits 
the same disposition of domains”. The direct test of the third 
possibility, by the X-ray examination of complexes of the 
enzyme with phosphoglycerate, was inconclusive because the 
induction of extensive conformational changes obscured 
the binding site. 

In the present absence of experimental evidence, we have 
examined the molecular structure for plausible phos- 
phoglycerate binding sites. We have used the following criteria: 
(1) as at physiological pH, 3-phosphoglycerate carries three 
negative charges, and the more strongly bound 1,3-diphospho- 
glycerate four negative charges, it seems reasonable to suppose 
the presence of a cluster of basic residues in their binding site; (2) 
because X-ray analysis of enzymes has shown that substrates are 
almost always located in surface depressions, a cavity capable of 
accommodating the relatively small phosphoglycerates was 





Fig.4 A schematic drawing, 
approximately to scale, of the prob- 
able active site of phosphoglycerate 
kinase, with ATP bound. Bound 
ADP takes up the same position and 
conformation. The metal position in 
the ADP complex is shown by the 
broken circle (M,), and that of the 
ATP by the full circle (M2). This isan 
equivalent view to Fig. 2. 
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expected; (3) because there seems to be no catalytic residues 
near the y-phosphate of the ATP, functional residues that could 
contribute to the catalysis may be located near the phos- 
phoglycerate site. Using these criteria we found only one possi- 
ble candidate for the binding site. This is shown in Fig. 4. 





Fig. § Schematic drawing of the probable conformational 
changes in the substrate complexes of phosphoglycerate kinase. 
suggested by the X-ray studies. 


This site is located in the face of the N-terminal domain that 
opposes the ATP site on the C-terminal domain. The small 
cavity is located between the B-strands A and B and helix 6. 
Located within it and around it are five arginines, residues 21, 
38, 65, 122 and 170; three histidines, residues 62, 169 and 172: 
two glutamates, residues 127 and 128; and aspartate, 23. Of 
these Arg 21 and Glu 127 are almost buried inside the cavity. 
This small region of the molecule contains half the arginine and 
histidine residues in the whole molecule. Note that in the NMR 
‘map’ of the active site of yeast PGK7’, the phosphoglycerate 
substrate is located further away from the ATP than the cluster 
of three histidines, which if identified with His 62, 169 and 172 
of the horse enzyme, would place it in or near the cavity. If we 
assume that the observed structural homology between the yeast 
and horse enzymes extends to residues involved in substrate 
binding, the observation that at least one arginine takes part in 
the binding of 3-phosphoglycerate in the yeast enzyme” is also 
consistent with phosphoglycerate binding in the cavity. 

If our tentative identification of the cavity with the phos- 
phoglycerate site is correct, there is another problem to 
consider: as located on the native enzyme there must be a gap of 
about 10A between the y-phosphate of the ATP and the 
carboxyl group of 3-phosphoglycerate that we presume must be 
closed when the phosphoryl group is catalytically transferred. 
Examination of the structure of the PGK molecule suggests that 
although each domain has a highly organised and apparently 
stable globular structure, the domain interface is small and not 
crossed by any of the secondary structures, suggesting that the 
enzyme is capable of a ‘hinge-bending’ conformational change. 
Consideration of Figs 2 and 4 shows that a rotation of 10-20° 


about a hinge located in or near the connection between B- 


strand F and helix 7 would be sufficient to bring the two domains, 
together with the ATP in its observed binding site, and the 
3-phosphoglycerate in its proposed binding site, into contact, 
and at the same time to expel the solvent that lies between them. 
Residues 185 and 186 represent a Gly-Gly sequence at the 
C-terminus of 6-strand F which could give the required degree 
of freedom at the appropriate position. 

_ The ‘hinge-bending’ conformational change to PGK outlined 
above is illustrated in Fig. 5. We show the conformational 
change as occurring with the formation of phosphoglycerate 


binary complexes, rather than with the formation of rucleotide 
binary complexes or ternary complexes, because eur X-ray 
studies show that in the crystals in tartrate only snall, local, 
conformational changes occur when ADP or ATP bini, whereas - 
changes involving the whole molecule occur in the presence of 
3-phosphoglycerate ‘which are not increased in the ternary 
complex obtained by adding ATP. NMR studies of inary and 
ternary complexes of the yeast enzyme also show the same 
pattern of conformational change’, and studies on che rabbit _ 
muscle enzyme show that the reactivities of the seven sulph- 
hydryl groups are affected to a greater extent br 3-phos- 
phoglycerate than byADP or ATP™. One consequeace of the 
conformational change is the possibility that it could nediate in 
allowing the enzymatic activity to be modulated by substrates 
and non-substrates, giving rise to the nonlinear kinetics, and 
activation and inhibition phenomena that have been observed 
with the human” and yeast enzymes”*”°, and which ave other- — 
wise difficult to reconcile with a monomeric enzyme. Although 
the ‘hinge-bending’ conformational change shown in Fg. 5 must 
be regarded as tentative until more information on thenature of 
binary and ternary enzyme-substrate complexes is obtained, it is 
consistent with most of the X-ray, NMR and chenical data 
discussed previously, some of which is difficult to understand in 
terms of a simple, monomeric enzyme. 

Since preparing this paper we have become aware that 
Pickover et al.” have obtained direct evidence of a large con- 
formational change in PGK from low angle X-ray studies of- 
solutions of the yeast enzyme. They have found that the radius of 
gyration of the enzyme decreases by 1.09 A on binding both 
ATP and 3-phosphoglycerate to form the ternary complex, but 
that binary complexes of these two substrates how. much... 
smaller decreases. Using the coordinates of the herse muscle 
enzyme they have interpreted the change in the radius of 
gyration in terms of a ‘hinge-bending’ conformational change of 
about 9-12° about a hinge located in the domain interface. 
Although the solution and crystal X-ray studies. differ on 
whether the conformational change occurs on the formation of 
binary or ternary enzyme~substrate complexes, the proposed 
conformational changes are very similar: the illustration that 
Pickover et al.” provide’of the enzyme after rotation of 12° 
about residue 187 (see Fig. 4) is extremely close to that whch we 
have discussed above as being required to bring the observed 
ATP site and the proposed phosphoglycerate site togetter. 
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Cloned fragments of the plasmid ColV,I-K94 
specifying virulence and serum resistance 


M. M. Binns, D. L. Davies & K. G. Hardy 
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A cloned BamH1-generated fragment of ColV,I-K94 
increased the virulence of Escherichia coli, causing an 
approximately 100-fold reduction in LDso for chicks. A 
genetic determinant for resistance to the bactericidal effects 
of serum vas mapped to a 5,300 base-pair sequence within 
the fragment. Neither colicin V nor immunity to colicin V 
affected the pathogenicity of E. coli for chicks. 


eH 


STRAINS œ Escherichia coli are an important cause of both 
diarrhoea and generalised infections in man and livestock’. 
Enteropathcgenic strains causing diarrhoea are usually confined 
to the alimentary tract and often harbour conjugative plasmids 
specifying enterotoxins’ and K88 (or K89) antigen’ which 
enhance ther pathogenicity. Smith*” found that plasmids could 
also enhanc? the virulence of invasive strains responsible for 
generalised infections. Most of the E. coli strains responsible for 
independent cases of generalised infections in calves, lambs or 
chicks produced colicin V, a plasmid-determined antibacterial 
protein. Elimination of the ColV plasmids from human, bovine, 
ovine and avian strains of several different serotypes invariably 
reduced ‘their pathogenicity for experimental animals. Re- 
introdaction of ColV plasmids into the strains by conjugation 
restored their pathogenicity to its original level. These results 
demorstrated that ColV plasmids increased the invasiveness of 
E. col, but as Smith pointed out*, did not indicate whether 
colicin V itself or some other products specified by the ColV 
plasmids were responsible. The antibiotic effects of colicin V, 
like these of other colicins, are confined largely to enterobac- 
teria; celicin V is not toxic for animals®’. However, the ecologi- 
cal signficance of colicins is obscure (see ref. 8) and it remained 
possible that colicin V might increase the virulence of E. coll. 


Isolation and characterisation of ColV 
derivatives 


The gemtic determinants for virulence and for increased 
survival n serum, which are probably identical as discussed 
below, wre mapped by isolating deletion mutants and point 
mutants o/ColV, I-K94 and by cloning fragments of the plasmid 
into the pasmid vector pBR322 (ref. 9) by in vitro recom- 
bination. procedures. The ColV derivatives were isolated in 
E. coli K-2 strains and were then transferred into a recently 
isolated E.coli strain which was more suitable for testing the 
effects of pasmids on the pathogenicity of E. coli for experi- 
mental aninals. 

ColV, I-K94 is a conjugative (F-like) plasmi specifying 
colicin I as vell as colicin V". It was originally found in E. coli 
K94, astrain'solated from the stools of a patient suffering from a 
Salmonella jaratyphi B infection (ref. 13 and P. Fredericq, 
personal comnunication). The positions of the genes specifying 
colicins and cdicin immunity in ColV, I-K94 (pK H38) and in its 
derivative pIH46-1::y5 have been determined (D.L.D., 
M.M.B. and KG.H., in preparation). The genetic and physical 
maps of ColV,{-K94 and the derivatives used here are shown in 
Fig. 1. l 

Most of the slasmids used in the pathogenicity tests were 
derived from p1H46-1::yô, a tra~ deletion mutant of ColV, I- 


ie}? 
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K94 (pKH38) specifying colicins V and I. pKH46-1::y6 has an 
insert of the 5.7-kilobase y& insertion sequence’ and was 
isolated after mobilisation of pKH46 by the F plasmid. The 
presence of the y5 sequence in pKH46-1::y6 and its derivatives 
increased the frequency with which these plasmids could be 
transferred by F mobilisation’? into the strain used for testing 
pathogenicity and serum resistance. This was an essential fea- 
ture of these plasmids as the strain used for these tests (KH933, 
serotype 078:K80) was a poor recipient in matings with either 
derepressed F-like or I-like plasmids and could not be trans- 
formed (<1 transformant per 100 pg of supercoiled pKH46- 
1::y8 DNA using the procedure described by Cohen et al.’*). 

Spontaneous deletion mutants of pKH46-1::y8 which 
specified no colicin V or only reduced titres occurred at a 
frequency of approximately 0.1%. The deletions in the two 
mutants used here had one end in common, namely the end of 
one of the 2.1-kilobase inverted repeats in pKH46-1:: yd (Fig. 
1). The positions of the deletions were determined by elec- 
trophoresis of fragments generated by restriction 
endonucleases, as described in Fig. 1 legend, and from 
heteroduplexes formed between the deletion mutants and 
derivatives of pKH46-1::yé which had insertions of the trans- 
poson Tns (ref. 17) which specifies kanamycin resistance. The 
positions of Tn5 in these plasmids are shown in Fig. 1. Plasmid 





Table 1 Colicin synthesis and immunity specified by derivatives of ColV, I-K94 


Colicin 

Colicin titres immunity 

Strain Plasmid Vv I V I 
KH961 pRKRH46-1:: y8 64 512 + + 
KH974 pKH46-1::y6 A (7.4-25.6 kilobases) <1* 512 +t + 
KH982 pKH46-1::76 A (7.4~29.3 kilobases) — 256 = + 
KH962 pKH46-1::¥6 cia-1 32 1 + + 
KH1020 pKH46-1::y6 19.9kb::TnS 64 256 + + 
KH1022 PKH46-1:: y8 19.9kb::TnS cva-1 <] 256 + + 
KH1069 pBH11 32 ous + ne 
KH1070 pBHi4 mne wi = = 
KH1071 pBR322:BamHI-A — 4096 ~ + 
KH1072 pBR322:BamHI-C <1* + + a 
KH1073 pBR322: HindIH-B 64 a + -~ 
KH1074 pBR322:EcoRI-A — 2048 e= + 
KH932 ColV-B188 <t — + ~ 
KH933 None ane oe =- _ 


The host strain for all plasmids was KH933 (serotype 078:K80). For colicin 
titrations, broth cultures grown to Asoo = 0.8 were disrupted by sonication for 35 s 
(ref. 24). Serial twofold dilutions of the sonicates were made and 0.02-ml volumes 
of each dilution were dropped onto the surface of 25-ml nutrient agar plates 
(Oxoid blood agar base no. 2) containing streptomycin (200 ug ml”) which had 
been overlaid with 3 ml of nutrient agar containing colicin-sensitive bacteria at a 
concentration of 2.5 x 10° cells ml~'. Colicin I was assayed on plates overlaid with 
P1235 (ref. 37), a colicin V-tolerant mutant. Colicin V was assayed on plates 
overlaid with strain KH960, a colicin I-tolerant mutant of AB1157. Colicin titres 
are expressed as the highest dilution which inhibited growth of indicator bacteria. 
Colicin immunity was determined by streaking a loopful of broth culture (in 
exponential phase at 210% cells ml!) across a streak of colicin-producing 
bacteria (KH982 or KH1069) which had been grown for 24 h on nutrient agar, 
chloroformed and then overlaid with 3 ml of nutrient agar. Growth of colicin- 
immune bacteria (labelled +) was not inhibited over the streak. — Indicates 
absence of genetic determinant. Immunity tocolicin I was tested using E. coli K-12 
(W3110) as a host strain since KH933 is resistant to colicin Í. 

* These strains produced no detectable colicin V in broth cultures, but 48-h 
colonies on nutrient agar plates formed small inhibition zones when chloroformed 
and overlaid with strain KH960. 

+ Growth was partially inhibited by colicin V. 
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Fig.1 Physical and genetic maps of ColV, [-K94 and its derivatives. a, ColV, 1-K94 (pKH38). The positions of inverted repeat sequences (shown as open boxes) and 
of sequences homologous to the F plasmid in pKH38/F heteroduplexes (shown as thicker lines) were determined by electron microscopy of plasmid DNA (D.L.D., 
M.M.B. & K.G.H., in preparation). Coordinates in pKH38 (total length 124.2 kilobases) were defined, as described by Sharp et al”, with reference to the 
0.8-kilobase insertion /deletion loop at 87.1 F in pKH38/F heteroduplexes. ColV, I-K94 (pK H38) differs from the ColV, I-K94 molecules examined by Sharp et al.” 
in the number and arrangement of 1.3-kilobase inverted repeat sequences and in not forming an insertion/ deletion loop at 58.0 F in pKH38/F heteroduplexes. The 
tra region comprises the sequence which is homologous (as determined by heteroduplex analysis in the conditions described by Sharp er al”) to the F plasmid 
sequence 62.0 F-93.2 F which is essential for conjugation®***. Part of the ColV, I-K94 sequence which is homologous to the tral gene of the F plasmid occurs in 
pKH46-1::y6 as indicated in b. The tral gene of F maps within the homologous sequence indicated by dotted lines; the box represents the length of DNA sequence 
required to code for the protein specified by tral which has a molecular weight of 174,000 (ref. 34). a,a’ Is an inverted repeat sequence of 1.3 + 0.09 kilobases; bba b’ 
are three homologous sequences of 0.8 + 0.08 kilobases, two of which have the same orientation. b, pPRH46-1:; y8 is a deletion mutant of pKH38. The genes specifying 
colicin V (cva), immunity to colicin V (cvi), colicin I (cia), immunity to colicin I (cii) and increased survival in serum (iss) map within the regions indicated, The cvi 
gene maps to the left of cva as drawn, but the maximum limit of cvi to the right has not been determined. The positions of genes specifying colicins were determined 
from the analysis of cloned fragments and the relationship of pKH46-1::76 to pKH38 was determined by heteroduplex analysis (D.L.D., M.M.B. & K.G.H. in 
preparation), The pKH46-1::7é 2.7-5,3-kilobase sequence is homologous to the sequence between the 1.3-kilobase inverted repeat sequence (a,a’) in pPKH38, but in 
pKH46-1::y6 it is flanked by a 2.1 +0.1-kilobase inverted repeat sequence. The remaining 37 kilobases of pKH46-1;:¥8 (with the exception of the yô insert) are 
homologous to the pKH38 90.4-121.7-kilobase sequence. pK H46-1:: ¥8 coordinates are assigned from the end of one of the 2.1-kilobase inverted repeats. Copies of 
the TnJ transposon were added to pKH46-1::y5 by mobilisation of the plasmid with F’,,,,fac” (ref. 21) from a donor lysogenic for the bacteriophage 
Abo isbsroXyseClasaSyrex::Tn5 (ref. 17) to a recA” recipient in matings at 30°C, Two recipients selected for expression of kanamycin resistance at 42 °C harboured 
plasmids with TnS insertions at the positions indicated. c And d are deletion mutants, pKH46-1::y4 A (7.4~-25.6 kilobases) and pKH46-1:: y8 A (7.4-29.3 kilobases). 
Restriction endonuclease sites within pKH46-1::y8 and its derivatives (e) were determined by electrophoresis of fragments generated by complete or partial 
digestion with restriction endonucleases (Boehringer) used either alone or in combination. Restriction endonuclease reactions were carried out for 15 min at 37°C in 
50-ul volumes containing approximately 0.5 pg DNA in the following buffers: 100 mM Tris-HCI (pH 7.5), 50 mM NaCl, 10 mM MgCl, (for EcoRI); 10 mM 
Tris-HCI (pH 7.6), 50 mM NaCl, 10 mM MgCl, 14 mM dithiothreitol (for HindIII); 6 mM Tris-HCI (pH 7.5), 20 mM KCI, 6 mM MgCl, 6 mM dithiothreitol (for 
BamHI). Fragments were analysed by electrophoresis through horizontal slab gels containing 0.8% (w/v) agarose and ethidium bromide (0.5 ug mi~?) in Tris-borate 
buffer®® at 60 V for 18h at room temperature. Small fragments were analysed by polyacrylamide gel electrophoresis as described by Bolivar et al’. Fragments of 
Aclgs7S7 DNA generated by EcoRI and HindIII were included in gels as molecular weight standards**. Fragments of pK H46-1:: y8 were ligated to pBR322 (ref. 9) in 
a reaction mixture containing 0.066 mM ATP, 66 mM Tris-HCI (pH 7.6), 6.6 mM MgCl, 10 mM dithiothreitol, 1 unit T4 DNA ligase (Bethesda Research 
Laboratories) and 1 yg of restriction endonuclease-cleaved plasmid DNA in a total volume of 50 wl. After incubation for 4 h at 20 °C, recombinant plasmids were 
selected from the mixture by transformation’® and selection on nutrient agar plates containing ampicillin at a concentration of 120 ug mi~ '. Experiments involving 
recombinant plasmids were carried out in Class I conditions as defined by the Williams report (Cmnd 6600). 


pKH46-1::y6 A (7.4-25.6 kilobases) specified greatly reduced 
titres of colicin V and immunity to colicin V (Table 1) and 
pKH46-1::y8 A (7.4-29.3 kilobases) specified no colicin V or 
immunity to colicin V. A point mutant of pKH46-1::yé 
19.9kb::Tn5 (pKH46-1::y6 containing the Tn5 transposon at 
the 19.9-kilobase position) which did not specify the synthesis of 
colicin V, was obtained by treating plasmid DNA at 37°C for 
24 h with 0.4 M hydroxylamine in the presence of 1 mM EDTA 
as described by Tessman'*. A kanamycin-resistant transformant 
which did not specify colicin V synthesis (Cva’) was selected. 
The fragments of pKH46-1::y6 19.9kb::Tn5 cva-1 generated 
by EcoRI and by HindIII were identical to those of pKH46- 
1::y6 19.9kb::Tn 5. 

Fragments of pKH46-1::y5 obtained by digestion with 
restriction endonucleases EcoRI, HindIII or BamHI were 
cloned in the plasmid vector pBR322 (ref. 9) as described in Fig. 
1 legend. Recombinant plasmids containing the following 
fragments were isolated: EcoRI-A, BamHI-A, BamHI-C and 
Hindill-B. In addition, part of the HindIII-B fragment, 
comprising the 22.6-30.7-kilobase sequence of pKH46-1::y6, 
was cloned in pBR322 to form pBH11. pBH11 was obtained as 
a transformant from a HindIlI-digested preparation of pRH46- 
1::y8 which was incubated with T4 DNA ligase in the presence 
of HindIll-digested pBR322. However, pBH11 was found to 


have only one HindIII site although it specified both colicin V 
synthesis and ampicillin resistance. Analyses of restriction 
endonuclease digests of pBH11 and of the heteroduplexes 
pBH11/pBR322 and pBH11/pKH46-1::y6 19.9kb::Tnd 
established that the entire pBR322 sequence, but only part of 
the HindIII-B fragment, was present in pBH11. The orientation 
of the fragment in pBH11 was the same as in the plasmid in 
which the entire HindIII-B fragment had been cloned, that is, 
the sequence derived from the yô insert (29.2~30.7 kilobases) 
was adjacent to the closely linked HindIII and EcoRI sites of 
pBR322. pBH14 was derived from pBH11 by ligating a 7.5- 
kilobase EcoRI-generated fragment of pBH11; it comprises the 
22.6-25.8 kilobase sequence of pKH46-1::7é and the pBR322 
plasmid sequence with the exception of the 31-base pair 
sequence between the EcoRI and HindIII sites of pBR322. 


Transfer of cloned fragments and ColV — 
mutants to an invasive strain by mobilisation | 
To determine their effects on the pathogenicity of E. coli for 
chicks, ColV derivatives were transferred by conjugation into 
strain KH933, a Col” derivative of E. coli B188. E. coli B188 
was isolated from a calf suffering from a generalised infection 
and has the serotype 078:K80 (ref. 4), the most common 
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serotype among E. coli strains. responsible for generalised 
infections in livestock'*. The ColV plasmid originally present in 
E. coli B188 was. aa by treatment of the strain with acridine 
orange’ and its absence from the Col” derivative, KH933, was 
confirmed by dye-buoyant density centrifugation”’. KH933 was 


chosen as the host strain for ColV derivatives so that the results 


of the pathogenicity tests could be compared with published 
data on the effects of other ColV plasmids*”. Furthermore, the 
effects of plasmids on a strain known to be a potential pathogen 
would be more significant than their effects on the pathogenicity 
of a strain such as E. coli K-12 which kills experimental animals 
only when given in huge doses. 

Plasmid pKH46-1::y5 and its derivatives which also 
comprised a copy of the yé insertion sequence were transferred 
from auxotrophic E. coli K-12 donors using Fi,,,4lac” (ref. 21) 
as a mobilising plasmid in 8-h matings in broth at 30°C. 
Recipients were selected on glucose~minimal salts agar”? 
containing kanamycin at a concentration of 25 wg ml™' or colicin 
V (produced by a lawn of ColV* bacteria which was chloro- 
formed after 18h of growth, overlaid with 10 ml of agar and 
incubated for 4h at 37 °C before being used for selection). F` 
Col” derivatives of the recipients were isolated from broth 
cultures which had been grown at 42 °C. Plasmid pKH46-1::y6 
A (7.4-29.3 kilobases) was isolated as a spontaneous mutant 
from a KH933 strain harbouring pKH46-1:: 6. 

Derivatives of pBR322 were transferred to KH933 from E. 
coli K-12 donors which also harboured the I-like conjugative 
plasmid R144drd3 (ref. 23) and the non-conjugative plasmid 
ColK-K235 (ref. 24). ColK-K235 provided the trans-acting 
mobility determinant? which is essential for efficient mobilisa- 
tion of pBR322 derivatives by R144drd3. Matings were inter- 
rupted after 5 min. Approximately 25% of recipients selected 
on plates containing anipicillin at a concentration of 120 ug ml“ 
were ColIK™ and R”. Colicin titres specified by ColV derivatives 
in the host strain KH933 are listed in Table 1. 


Table 2 Effect of ColV derivatives on the pathogenicity of E. coli 


Strain Plasmid LD.o(+s.e.m.)* 1075 
KH932 ColV-B188 2.4(+2.4) 
KH961 pKH46-1::y8 2.1(+1.1) 
KH962 pKH46-1:: 6 cia-1 2.0(+2.1) 
KH1020 pKH46-1:: 76 19.9kb::Tn5 1.0(+1.7) 
KH1071 pBR322:BamHI-A 1.8(+1.8) 
KH1022 pKH46-1:: 75 19.9kb::Tn5 cva-i 6.2(+3.2) 
KH974 pKH46-1::y6 A (7.4-25.6 kilobases) 220(+170) 
KH982 pKH46-1:: 78 A (7.4-29.3 kilobases) 490(+240) 
KH1069 pBH11 380(+200) 
KH1070 pBHi4 180(+140) 
KH1075 None 320(+120) 
KH933 None 190(+180) 


Pathogenicity was tested by injecting appropriate dilutions of broth cultures 
intramuscularly into 1-d-old chicks. For each strain, 14 chicks were injected at 
each of three or four concentrations of bacteria, ranging in 10-fold increments 
from 10° to 10° viable cells. Survival was recorded after 7 days. LD,, values + 
s.e.m. were calculated by probit analysis as described by Finney**. KH1075 is a 
derivative of KH1069 which had spontaneously lost pBH11. 


Pathogenicity of strains for chicks 


Pathogenicity tests of strains for 1-d-old chicks (Table 2) showed 
that neither of the deletion mutants of pKH46-1::y6 nor 
pBH11, which specified high levels of colicin V, affected the 
pathogenicity of KH933. However, pBR322 linked to the 
BamHI-generated fragment A (subsequently referred to as 
pBR322:BamHI-A), which specified neither colicin V nor 
immunity to colicin V, increased the pathogenicity of KH933 as 
much as did pKH46-1::y5, pKH46-1::y8 19.9kb::TnS, 
pKH46-1::y8 cia- 1 or ColV-B188. All these plasmids produced 
an approximately 100-fold decrease in the LD., of strain 
KH933 for 1-d-old chicks. The mutation in pKH46-1::76 
19.9kb::Tn5 cva-1 which affected colicin V synthesis did not 
significantly. affect the ability of the plasmid to increase the 
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virulence of E. coli. As pBR322:BamHI-A increased patho- 
genicity but pKH46-1::y6 A (7.4~-25.6 kilobases) did not, the 
virulence determinant can be mapped to the 7.4—24.3-kilobase 
sequence in pKH46-1::yé and to the 104.8-121.7-kilobase 
sequence in ColV,I-K94 (pKH38). The slopes of the dose- 
response curves for all the strains tested were not significantly 
different; the ratios of the LD. values can therefore be used to 
compare the pathogenicity of strains. 


Survival of strains in serum 


Smith* found that ColV” strains survived better in a variety of 
animal sera than did their Col” counterparts. Strains harbouring 
ColV derivatives were therefore examined to determine the 
position of the genetic determinant for increased survival in 
serum (iss). We used fresh rabbit serum, but Smitht has pre- 
viously shown that ColV plasmids also enhance survival in 
chicken serum. In addition to the plasmids used in the patho- 
genicity tests, the effects of the cloned fragments, HindIII-B, 
EcoRI-A and BamHI-C, on the survival of KH933 in rabbit 
serum were examined. Of the 14 plasmids tested, the following 
did not affect the survival of KH933 in fresh serum: pKH46- 
1::y6 A(7.4-25.6 kilobases), pKH46-1::y6 A (7.4-29.3 kilo- 
bases), pBR322, pBH14, pBR322:EcoRI-A, pBR322:BamHI- 
C. pBH11 caused a small but significant increase in survival (Fig. 
2). The following plasmids greatly increased the survival of 
KH933 in serum: pKH46-1::y6, pKH46-1::76 19.9kb::Tn3, 
PpKH46-1i::y5 cia-1, pKH46-1::y6 19.9kb::TnS5 cva-1, 
pBR322:HindIU-B, pBR322:BamHI-A and ColV-B188. All 
these plasmids produced a similar increase in serum resistance, 
with the exception of pBR322:BamHI-A, which was more 
effective than any of the others (Fig. 2). pB R322 is a multi-copy 
plasmid’; the high level of serum resistance specified by 
pBR322:BamHI-A may therefore result from multiple copies 
of the iss* determinant. The titres of colicin I specified by 
pBR322:BamHI-A were eightfold greater than those specified 
by pKH46-1::78 (Table 1). A strain harbouring both pBH14 
and pKH46-1::y6 survived as well in serum as did a strain 
harbouring only pKH46-1:: 6. All derivatives of KH933 grew 
equally well in rabbit serum in which complement had been 
inactivated by heating to 56 °C for 30 min. 

The effects of ColV derivatives on the survival of bacteria in 
serum are therefore correlated with their effects on pathogeni- 
city; only plasmids which greatly increased the survival of 
KH933 in serum enhanced the pathogenicity of the strain for 
chicks. 

Both pBR322:HindIII-B and pBR322:BamHI-A increased 
the survival of KH933 in serum, so the iss” determinant maps 
within the 5.3-kilobase sequence at 19.0-24.3 kilobases in 
PpKH46-1::y8. Within this region, neither the 19.0-21.0-kilo- 
base sequence nor the 22.6-—24.3-kilobase sequence encodes all 
the information required for expression of the iss* determinant, 
as neither pBH11 (containing the 22.6—-30.7 kilobase fragment) 
nor pBR322:EcoRI-A greatly increased survival in serum. In 
addition, introduction of the TnS transposon at the 19.9-kilo- 
base position does not affect the serum resistance or the 
increased virulence conferred by pKH46-1:: y6. 

Seven of the ColV derivatives were also examined for their 
effects on the survival of E. coli K-12 in serum. All E. coli K-12 
strains harbouring derivatives of pKH46-1::y6 were killed 
much more rapidly by fresh rabbit serum than were derivatives 
of KH933. However, plasmids which increased the pathogeni- 
city and the serum resistance of KH933 also increased the 
survival of E. coli K-12 (strain W3110). The survival of E. coli 
K-12 strains was tested as described in Fig. 2 legend, except that 
bacteria were added to serum at an initial concentration of 
10’ ml“. All the following plasmids produced a similar increase 
in the survival of W3110 in fresh rabbit serum: pKH46-1::yé, 
pKH46-1::y76 19.9kb::Tn5, pKH46-1::y6 19.9kb::Tn5 cva-1. 
None of the following plasmids increased the survival of E. coli 
K-12 in serum: pKH46-1::y8 A (7.4—25.6 kilobases), pKH46- 
1::y8 A (7.4-29.3 kilobases), pBH11, pBH14. For example, the 
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Fig. 2 Survival of bacteria in serum. Cells from exponentially growing 
broth cultures at Ago. = 0.4 were collected by centrifugation and resuspen- 
ded in an equal volume of 0.85% (w/v) NaCl. The suspension was diluted 
100-fold in 0.85% (w/v) NaCl and then 10-fold in fresh rabbit serum. 
Rabbit serum was kept at —20 °C after collection and was used within 18 h. 
All strains were tested simultaneously using the same batch of serum. The 
suspension of bacteria in serum was incubated at 37°C and viable counts 
were made at intervals by spreading 0.2-ml volumes of appropriate dilutions 
onto the surfaces of nutrient agar plates (Oxoid blood agar base no. 2). The 
value at each point is the mean +s.e.m. of three independent determinations 
using the same batch of serum. Each of the three determinations was the 
mean of three spread plates. The strains are KH933 (A), and KH933 
harbouring the plasmids pBR322:BamHI-A (@), pKH46-1::y5 (W) and 
pBH11 (V). 


fractions of strain W3110 (pKH46-1::y5) surviving in serum 
after 30 and 60 min were 6.4 x 10°? and 2.9 x 10°”. Comparable 
values for a W3110 strain which did not harbour a plasmid were 
7x 107? and 3.1x 107%. 


Implications of findings: close linkage of 
genes specifying colicin V and virulence 


The correlation between the increased pathogenicity and the 
increased serum resistance specified by the ColV derivatives 
examined here strongly suggests that the primary reason for the 
increased virulence of bacteria harbouring ColV plasmids is that 
they are less sensitive to host defence mechanisms dependent on 
antibody and complement. The determinants for serum resis- 
tance and for colicin V are closely linked in ColV, I-K94; the 
iss’ determinant maps within the pKH46-1::yé 19.0-24.3- 
kilobase sequence and the genes specifying colicin V and 
immunity to colicin V map within the 25.6-29.2-kilobase 
sequence (Fig. 1). 

The presence of a ColV plasmid which increases virulence is 
not, of course, the only factor which is required to convert an 
otherwise benign strain of E. coli (such as E. coli K-12) into an 
invasive strain. Nonetheless, the high frequency of colicin V 
producers among E-. coli strains responsible for recent cases of 
generalised infections in livestock* suggests that it is an 
important factor. The occurrence of the virulence determinant 
on plasmids specifying colicin V is not confined to recently 
isolated plasmids from animal. sources. The ColV, I-K94 plas- 
mid used here was isolated from a patient in 1948, The first 
colicin to be investigated, by Gratia*®, was produced by a strain 
called E. coli V because of its virulence for rabbits and guinea 
pigs (the strain was isolated from the blood of an infected 
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, rabbit), suggesting that the ColV-CA7 plasmid present in E. coli 


V also has the virulence determinant. 

The frequent occurrence of the genes for colicin V and for 
virulence on the same plasmid, and their close linkage in 
ColV, I-K94, suggest that they may interact to their mutual 
selective advantage. The nature of any such interaction is, 
however, obscure, as is the ecological significance of colicins*. 
Several ColV plasmids increase the ability of E. coli strains to 
survive in the human alimentary tract*”’, but this does not result 
from the bactericidal effects of colicin V°. It may be another 
effect of the iss” determinant. The association between the 
genes specifying colicin V and virulence in ColV plasmids 
resembles the relationship between genes specifying raffinose 
utilisation and K88 antigen, in that almost all plasmids specify- 
ing K88 antigen, which aids colonisation of the small intestine by 
enteropathogenic strains, also specify raffinose utilisation, which 
is apparently unrelated to virulence”. However, these two 
genetic determinants are not closely linked in at least one 
plasmid; in pRI8801 they are about 30 kilobases apart”. 

Whatever the reason for the relationship between the genes 
specifying colicin V and virulence on Coly plasmids, colicin V 
production may be a useful indicator of the presence of the 
virulence determinant in E. coli strains. It may be significant, for 
example, that colicin V is the type of colicin most frequently 
produced by E. coli strains responsible for urinary tract 
infections in hospitalised patients”. Other reports”. indicate 
that colicin V may be more commonly produced by strains 
responsible for a variety of human extra-intestinal infections 
than by strains isolated from the faeces of healthy people. 
However, the results reported here show that the virulence 
determinant of ColV, I-K94 is effective in the absence of genes 
specifying colicin V and immunity to colicin V. It may therefore 
be more widespread than is indicated by the frequency of colicin 
V production. Plasmids which do not specify colicin V but which 
increase the resistance of E. coli to the bactericidal effects of 
human serum have been-described (see ref. 31). It is not known 
whether these plasmids also increase virulence. 
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Soft X-ray emission fromthe 
vicinity of the dwarf nova AY pyrne 


THE discovery of a low-intensity soft X-ray source in a region of 
the sky containing the dwarf nova AY Lyrae is reported here. 
Figure. 1 shows how the source, designated H1839 +37, 
appeared in the superposition of HEAO A2 scanning data that 
were taken:on 9 October 1977 with the low-energy detector 
LED1. (A complete description of the A2 experiment on 
HEAO 1 is given by Rothschild et al.'.) The source was detected 
only in the energy interval 0.18-0.43 keV: The peak in Fig. 1 
represents an intensity of 0.014+0.0027 counts cms”! (5a), 
An upper limit to the temperature of H1839 + 37 was derived by 
comparing the ratio of the source counts in different energy 
bands. If a thermal bremsstrahlung spectrum is assumed, Tap < 
5x 10° K, whereas a black- body fit implies Ty, < 1.4 x 10°K.A 
lower limit -Te 21%*10°K is set by the LED1 lower-level 
discriminator. | 

The region of the sky containing H1839 + 37 was scanned by 
HEAO 1 for several days. The light curve for the entire October 
1977 observation is shown in Fig. 2a: Each point is the super- 
position of 1-5 individual scans made on a given day. For a half 
day, over which the spin axis of the satellite is‘held fixed, an 
estimate of the variability of H1839 +37 can be made indepen- 
dently of knowing the exact source position, that is, without 
requiring corrections for the transmission of the LED 1 collima- 
tor. Applying a y? test to the five 9.5~10.0 scans for October 
(not shown here), the source is found to be constant at only the 
10% confidence level (y?=7.68 for 4 d.f.). The. source is 
definitely variable on longer time scales because when it was 
observed 6 months later it was not detected, even in a super- 
position of 5.5 days of scanning data. The upper limit to the 
intensity for that observation (7-12 April 1978) is 0.005 counts 
cm “s~, 

The centroid of the position error box for H1839 + 37 is at 
a=18h38 min 58s, 5 =+37°52.4’ (1950 epoch). The error 
box, shown in Fig. 3, excludes the bright star Vega (a Lyrae). 





Añmulh angle 


Fig. 1 Partof the data from a superposition of soft X-ray (0.18~ 

0.43 keV) scans on 9 October 1977. The intensity of the source at 

scan angle 61° was. determined by making a least squares fit (the 

smooth line) to the data. The fitting procedure took into account 

the triangular response of the collimator, which hada 1.5° field of 

view (FWHM) in the scan direction. The area of the detector was 
- 174 cm^. 
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Fig. 2 a, The soft X-ray light curve of H1839 + 37 for October 

1977. b, Same as (a), corrected for a source at the position of AY 

Lyr. c, The AAVSO visual light curve for AY Lyr covering the 
HEAO 1 observation. 


Also shown is the slightly overlapping error box for 4U1852 + 
37, a hard X-ray source with an intensity of 0.57 +0.15 Uhuru 
flux units (UFU) (ref. 2 and Jones, personal communication). 
The HEAO A2 upper limit for hard X-ray emission from either 
H1839+37 or 4U1852+37 is 1 1 3 UFU (Swank, personal 
communication). 

H1839 + 37, was discovered in a survey of ~130 cataclysmic 
variable stars’; it corresponds to the position of one of the 
members of this class—the dwarf nova AY Lyrae. Three other 
dwarf novae have been identified with soft X-ray sources: SS. 
Cygni, EX Hydrae, and U Geminorum. This, plus the fact that a 
search in the H1839+37 error box has revealed no other 
promising candidates, make AY Lyr seem like a possible coun- 
terpart for H1839 + 37. 

AY Lyr belongs to the subset of dwarf. novae that have both 
normal outbursts and super outbursts’. Patterson* reports that 
the quiescent visual brightness of the system is V > 18. At the 
time of the HEAO 1 sighting on 9 October 1977, AY Lyr was at 
V >14.8 (Mattei, personal communication). Assuming a flat 
response across the LED1 bandwidth (0.18-0.43 keV), the 
0.25 keV flux from a source at the position of AY Lyr is 
~1x10°" ergcm™’s™'. The ratio of the X-ray to optical flux 
for the other dwarf novae in quiescence is <1 (ref. 3). For AY. 
Lyr, this ratio does not exceed unity only if the dwarf nova was as 
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bright as V ~ 15 during the HEAO 1 observation. In Fig. 2b the 
October 1977 light curve of H1839 + 37 has been corrected for a 
source at the position of AY Lyr, taking into account the 
transmission of the LED1 collimator. A comparison of the 
X-ray light curve with the AAVSO visual light curve for AY 
Lyr, which is shown in Fig. 2c, reveals that there was no increase 
in the X-ray activity during a short optical outburst of the dwarf 
nova’. There were only three LED1 scans during the October 
outburst; these occurred 0.4-0.6 d after the beginning of the 
outburst. A short visual outburst also occurred on 9 April 1978 
when AY Lyr was again being scanned by HEAO 1 (ref. 5), but 
no X rays were detected from the object at that time either. 

Part of the difficulty in interpreting this observation is in not 
having a good measurement of the X-ray spectrum of H1839 + 
37. The dwarf novae detected as X-ray sources seem to have two 
very different spectral components: a medium or hard X-ray 
(E >0.5 keV) component which fits a thermal bremsstrahlung 
model with line emission®, and a soft X-ray (E <0.5 keV) 
component whose spectrum may fit any of several models*. The 
relative intensities of both components are correlated with the 
dwarf nova optical outburst. The soft component increases with 
increasing visual brightness, but the optically thin component is 
not uniquely correlated: in SS Cyg this component dramatically 
decreases during outburst’, while in U Gem the converse is 
observed’. In addition, the range of temperatures for the ‘hard’ 
component spans an order of magnitude: from ~20 keV for SS 
Cyg to ~5 keV for EX Hya and U Gem (refs 6 and 8). There- 
fore, with so few examples and such a wide range of behaviour, it 
is not difficult to envisage a behaviour pattern for H1839 +37 
which is consistent with the X-ray behaviour of dwarf novae. 

For example, in AY Lyr variable accretion onto a white dwarf 
primary could account for X-ray flaring during quiescence. If the 
spectrum were optically thin, then absorption by increased 
in-falling material during outburst could produce a decrease in 
the bremsstrahlung X rays (an effect similar to that observed in 
SS Cyg during outburst). The bright soft X-ray excess observed 
in SS Cyg during outburst may not appear in AY Lyr because the 
boundary layer between the white dwarf and the compact star in 
AY Lyr may not get hot enough to radiate soft X rays. 
Differences in mass accretion rates during quiescence and out- 
burst among all the dwarf novae may account for the range of 
observed behaviour. 

Our intention has been simply to point out a correspondence 
in the positions of the soft X-ray emitter H1839 +37 and the 
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Fig.3 H1839+37 error box (90% confidence), also showing the 
positions of Vega, the dwarf nova AY Lyrae, and the error box for 
a 4U source. 
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dwarf nova AY Lyr, and to present all the pertinent data on both 


the X-ray and optical sources. Note that a search for a set of 130 
randomly distributed error boxes (~0.6° x 6° in size), such as the 
cataclysmic variable survey, would have about a 40% chance of 
producing a positional coincidence with one or more of the ~50 
soft X-ray sources in the HEAO A2 Catalogue (in preparation). 
Thus there was a relatively high expectation of finding one 
fortuitous association of an X-ray source with a cataclysmic 
variable. If H1839 +37 has a ‘steady’ emission even a factor of 
10 below the HEAO 1 threshold, the X-ray telescope on the 
recently launched Einstein Observatory (HEAO 2) should be 
able to locate it accurately. 

We thank Ms J. Mattei and the other members of the AAVSO 
for the October 1977 light curve of AY Lyrae, Drs P. Szkody 
and K. Mason and the anonymous referee for their helpful 
criticisms, J. Patterson for his recent observations of AY Lyr, 
and J. Boyer for typing. This work was supported by NASA 
contract NAS 5-25049. 
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Drift rates of Jupiter’s S-bursts 


THE average drift rates of Jupiter’s S-bursts observed in the 
21-23 MHz frequency range depend on the jovicentric declina- 
tion of the Earth, De (ref. 1). The fact that the values obtained 
by other observers at higher and lower frequencies also seemed 
to agree with this observation was interpreted as either being 
coincidental or implying that the drift rates may not depend on 
frequency. Here I present new drift rate measurements at 
21-23 MHz obtained in 1978, bringing the total number of 
individual measurements in 1974-78 to over 12,000. 

The dynamic spectra of bursts were recorded on 16-mm film 
in real time with a 48-channel radio spectrograph. The S-spectra 
show a wide variety of forms’. The simplest bursts appear as 
lines tilted in the orthogonal time-frequency plane. Samples of 
such events, from which drift rates are measured, are shown in 
Fig. 1. The samples illustrate the fact that the instantaneous 
bandwidth of bursts can vary considerably while the drift rate 
remains essentially the same. 

All the simple bursts are observed to have a negative 
frequency drift. The rate varies from burst to burst and from 
group to group. The spread in rates within a storm is, as a rule, 
relatively large. The average drift rates do not seem to be related 
to the central meridian longitude (CML) of Jupiter or to Io’s 
geocentric phase'*. The instantaneous bandwidths, however, 
tend to be larger at the high-longitude edges of region B. The 
S-bursts occur only in the Io-related regions B and C (refs 2, 3). 

The mean drift rates for B-region storms observed in 1974-78 
are plotted as a function of Deẹ in Fig. 2. As can be seen, the rates 
change from approximately ~30 MHz s`" to -20 MHz s`’ as De 
decreases from 3.3° to 0.5°, It is now obvious that the drift rates 
in the vicinity of -10 MHzs™' which were obtained at other low 
values of De (refs 1, 4) must have been due to the lower 
observation frequency used, suggesting that the drift rates of 
S-bursts in region B are proportional to both Dy and frequency. 
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Fig. 1 Samples of high-resolution dynamic spectra of jovian 


S-bursts,. Time increases from left to right. The instantaneous 


bandwidths of the bursts in a are 50 kHz or less, the bandwidths of 
certain bursts in b are a few hundred kHz, and those in c vary from 
50 kHz to 1 MHz. 
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Fig.2 Mean drift rates of S-bursts observed in storms of region B, 

plotted as a function of the jovicentric declination of the Earth. 

Each circle represents one storm, its size denoting the number of 
measurements. | 
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If the mean drift rates of S-bursts in region C are plotted:as a 
function of De, no clear. dependence on De is evident. This is. 
illustrated in Fig. 3, COMPERDIE storms observed 3 an 1976. and 
1978. 

In a model often peered: to, the sources of Sibire move 
outwards from Jupiter along the magnetic field lines within the 
lo flux tube*®. The frequency of emission.is close to the local 
electron gyrofrequency, while the frequency drift is determined. 
by the longitudinal velocity component of the source. The 
D,-effect can be explained by assuming that the emission is 
sharply beamed so that a relatively small change in Dp may lead 
to a selection of bursts having different drift rates and different 
emission angles. 

A similar selection effect should also occur due. to the varia- 
tions in the CML and the geocentric phase of lo. According to 
the Earth—Jupiter viewing geometry’, the viewing angle of an 
lo-threaded field line varies as a function of the CML and Io 
phase more than it does as a function of Dg. The storm-averaged 
drift rates, however, show no significant dependence on the 
CML or lo phase. Thus the evidence suggests that the explana- 
tion of the D,-effect based on sharp beaming from upward- 
drifting electrons in the Io flux tube is not correct. 

Another possible interpretation is that the variation of drift 
rates'is not determined by a selection process but that the rates 
of all bursts vary together. In that case, a true physical relation- 
ship with the Sun may be involved, such as the direction of 
arrival of the solar wind, related to the jovicentric declination of 
the Sun, Ds, (ref. 8). Since Ds never differs much from Dr, this 
possibility cannot be ruled outon the basis of the present series 
of observations covering less than half a cycle of De. 
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Fig.3 Diagram as in Fig. 2, but for S-bursts observed in storms of 
region C. 


One more possibility is that neither Deg nor Dg is the control- 
ling factor, but that the solar activity is. If the storm-averaged 
drift rates are plotted as a function of the averaged sunspot 
number, an inverse relationship 1s displayed (not shown). This 
effect may be coincidental since the periods of Dẹ and of the 
solar activity are almost the same. Arguments relating to the 
relationships between D, and Ds and the sunspot number have 
been presented previously in studies of the occurrence prob- 
ability of L-burst and the longitude drift of emission regions®”’. 
Many years of observation would probably be necessary to show 
whether the true correlation is with D, (or Ds) or solar activity, 
or neither. 
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Thermal conductivities of- 
diamonds with absorption at 3.22 pm 


MEASUREMENTS of the thermal conductivities of a hundred 
diamonds at temperatures between 320 and 450 K have been 
reported’. These results. were interpreted in terms of nitrogen 
impurity alone, although it was suggested that hydrogen might 
give an effect in other diamonds with absorption peaks at 
3.22 um wavelength. We report here measurements of the 
thermal conductivities of 24 natural diamonds with this IR 
absorption*”, 

A variety of phonon scattering mechanisms determine 
the thermal conductivity of diamond as a function of tempera- 
ture*’. Phonon scattering at crystal boundaries and large 
defects is dominant at low temperatures, whereas point defects 
are mainly important above room temperature. The conduc- 
tivity of type IIA diamonds is extremely high over a wide 
temperature range. In. the IR, these diamonds generally show 
only the fundamental lattice absorption (which is less than 
lcm™' above 6.5 um). Additional absorption bands in type I 
diamonds at 7:80 and 8.30-8.55 um have been attributed to 
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Fig. 1 Thermal conductivity at 320 K against maximum absorp- 

tion at 8.30-8.55 wm. ©, Results for diamonds with 3.22-um 

` peaks. The line represents the mean result for type I diamonds 

-without 3.22-um peaks. The mean result for type ILA diamonds 

without 3.22-um peaks is shown with error bars representing 1 s.d. 
at upper left. Mean results from ref. 1 (Fig. 5). 
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cas: ay 3 ` 
Table 1 Experimental results 


ensemenar 


a(~8.4) - 


Diamond k{320) k (450) p(3.22) a(7.3) a(7.80) 

no. = (Wem K) (Wem K=) fem) (cem) (em™) (em) 
101 19.7 12.7 0.7 0.6 0.6 - 07 
102 19.0 12.3 13 07 09 09 
103 18.7 12.6 0.6 0.9 0.8 o üR 
104 18.5 11.6 1.2 100 10 LI 
105 17.2 11.4 4,2 1.3 2.2 2.6 
106 14.6 10.9 2.8 4.6 3.4 46 
L07 12.6 — 9.5 1.7 4.8 6.4 9.2 
108 98 7.3 13.6 6.4 16.0 13.8 

109 9.2 7i 2.8 9.1 22 -17.2 
110 8.9 6.8 (2.6 6.5 27 20 
IH 8.5 6.7 3.4 0.8 43 24 
112 8.2 6.2 2.3 8.4 35 22 
113 7.8 6.3 8.5 10.3 29 oe 
lid 7T 6.1 11.7 10.3 39 26 
115 77 6.1 8.7 9.9 40) 27 
116 7.7 6.2 9.4 10.9 30 24 
117 7.6 5,9 12.1 17.8 21 25 
118 7.5 5.9 10.2 15.2 34 27 
119 7.3 5.8 12.1 14.5 34 29 
120 7.2 5,9 15.9 6.3 45 29 
121 6.7 5.3 11.6 4.3 4} 30 
122 6.5 5.2 8.9 22 46 36 
123 5.7 4.6 10,2 13.5 77 48 
124 4.4 3.6 2:9 $1 84 85 





nitrogen", which can be present in two forms in the diamond 
lattice’’'’. For the hundred diamonds of ref. 1, it was found that 
the maximum absorption in the range 8.30-8.55 um can be used 
to predict the conductivity and it was concluded that nitrogen in 
concentrations higher than about 5x 10° atm% gives detect- 
able lowering of the conductivity. 

The diamonds used in the present work were polished to 
rectangular bars free from cracks and inclusions at x20 
magnification. Experimental details of the measurements of 
thermal conductivity and IR absorption were reported pre- 
viously’. Mean thermal conductivity values k at 320 and 450 K 
were derived from measurements of each diamond at these and 
intermediate temperatures by means of ka T~, where s is a 
constant for each diamond’ (Table 1). The maximum absorption 
value in the range 8.30-8.55 um is denoted as a(~8.4). The 
value p(3.22) is the strength of a.narrow absorption peak at this 
wavelength. It is defined as the peak absorption minus the 
fundamental lattice absorption (indicated by the trend of the 
absorption curve across the base of the peak). The 3.22-ym 
peak occurs in combination with one at 7.12 um. 

Diamonds 101-104 are type IIA diamonds with 3.22-um 
peaks. Such diamonds seem to be rare. Their conductivities were 
found to be about as high as those of type ILA diamonds without 
3.22-4m peaks. However, the 3.22-um peaks of diamonds 
101-104 are rather small and the diamonds with larger peaks 
also show absorptions due- to nitrogen. Analysis of the absorp- 
tions of type I diamonds 105-124 gave no correlation between 
the amount or ratio of the two nitrogen forms and p(3.22).. 
Therefore, and in view of the existence of diamonds. 101-104, 
the nitrogen impurity level seems to be independent of the value 
of p(3.22). Diamond 124 has the lowest conductivity and a very 
high value of a (~-8.4). From these values and ref. 1 it can be: 
inferred that this diamond contains a very high concentration of 
nitrogen (0.5+0.1 atm%). This has been confirmed by nucieee 
activation analysis?" | : 

The results for the 24 diamonds are compared with the mean 
results for diamonds without 3.22-ym peaks i in Fig. 1. Values. 
tend to lie below the line derived previously’. An extra thermal 
resistivity 





1 1 $y: 


has been calculated for each diamond. The subscript L refersto 
the line in Fig. 1 or, in the case of diamonds 101-104, to the 
value for type HA diamonds. The results have been plotted 
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against p(3.22) in Fig. 2. It can be concluded that diamonds with 
large 3.22-ym peaks have a small but non-zero extra thermal 
resistivity. The same conclusion was reached from the data for 
450K. 

This extra thermal resistivity probably arises from phonon 
scattering at hydrogen point defects in the diamond lattice. The 
presence of hydrogen impurity in some diamonds is well 
established, concentrations as high as 1 atm% having been 
reported by Sellschop et al.? and by Hudson and Tsong”. 
However, only one of Hudson and Tsong’s diamonds showed 
the 3.22-um absorption. Runciman and Carter’ attributed the 
3.22 and 7.12-um absorptions to stretching and bending vibra- 
tions of C--H bonds and estimated the hydrogen density at a 


© 
0.020 R (320) O 
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-0.005 


Fig.2 Extra thermal resistivity at 320 K against the strength of the 
peak at 3.22 ym. The accuracies of the ordinates are about 
+0.01 cm K W”? and of the abscissae +0.3 cm™'. 


much lower level (equivalent to 0.006 atm%), a result which 
they stated was confirmed by a vacuum fusion experiment. 
Chrenko et al.’ also assigned these absorptions to C—H vibra- 
tions, but did not estimate the hydrogen concentration. 

We believe that the larger hydrogen concentrations 
(~1 atm%) are most probably associated with relatively large 
impurity aggregates such as magma droplets’* or micro- 
inclusions'’*. These would not lower the thermal conductivity 
significantly above room temperature. Following Runciman and 
Carter’ it seems that the 3.22-4m absorption is probably asso- 
ciated with overall hydrogen concentrations some 2 or 3 orders 
of magnitude lower. These would then be the hydrogen point 
defect concentrations responsible for the extra thermal resis- 
tivity. This would be consistent with an extension to hydrogen 
defects of the analytical treatment of phonon scattering in 
diamond worked out by Turk and Klemens® (as used for 
nitrogen by Berman and Martinez’). However, the assumptions 
in this extension of the theory are so great that we can draw no 
positive support from such consistency. 

We conclude that there is a small extra thermal resistivity 
associated with the sharp 3.22-um IR absorption in diamond. 
Both phenomena could be due to a small amount of hydrogen 
(107° atm%) in point defect form, but such causation has not 
been proved. 
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Clouds and the long-term 
stability of 
the Earth’s atmosphere and climate 


CLOUDS dominate the albedo of the Earth and hence have a 
vital role in the global radiation balance. They are one of the 
most important physical properties of the atmosphere but the 
most difficult to parameterise. The forecasting of short-term 
climatological excursions (weather) requires numerical integra- 
tion of complex dynamical models. However, over longer time 
periods it may be possible to include cloud cover without 
resorting to explicit atmospheric dynamics. Here we suggest that 
over evolutionary time periods (10°-10° yr) the Earth’s percen- 
tage cloud cover has remained approximately constant. This is in 
general agreement with present ideas about the stability of the 
Earth’s evolution’. Over medium-term climatological periods 
(10*~10" yr) we have found that the position of large cloud 
masses may be directly related to the changing surface 
configuration, caused, for example, by continental drift. Global 
cloud cover fluctuates about a mean, which is near the present- 
day value and reinforces albedo changes caused by surface 
configuration; this could be highly significant for theories of 
climatic change. 

The high reflectivity of clouds results in their dominance of the 
global albedo of the Earth even though they cover, on average, 
only about 50% of the surface area. Recently*” it has been 
demonstrated that the reflectivity in the visible wavelengths is 
more important than the complementary increase in IR opacity. 
Thus changing cloud amount cannot be ignored as had been 
suggested’, but must be considered as important in both long- 
and short-term climatic simulations. Cloud amount can be 
assumed to be a function of both the surface temperature and 
the available atmospheric water vapour. Contrary to some 
evolutionary models of the Earth’s atmosphere’, we have found 
that the average global cloud amount has probably varied very 
little throughout the lifetime of the Earth. 

Any long-term climatological model of the Earth must be 
concerned with calculation of the surface temperature, T,, as we 
have observational data (from the geological record) for this 
parameter. It is generally agreed that throughout most of the 
planet’s history’* the value of T, has probably not varied 
significantly from that of the present day. Changes in the value of 
T, may cause responses within the atmosphere—hydrosphere 
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Table 1 Albedo values, A, calculated for varying cloud cover _ 


Percentage cloud cover Albedo (%) 


50 (present day) 36.1 
40 24.6 
60 35.7 


i 


system which could in turn perturb the global climate further. 
Some climate theories have developed the theme of tempera- 
ture evolution via cloud changes’, although more recently’ the 
generally stable nature of the Earth’s evolution and long-term 
climate has been emphasised. Here we examine the atmospheric 
response to changes in the global average surface temperature. 
As it seems that the albedo effect of cloud is of greater 
importance that the absorption in the IR wavelengths, it will be 
changes in the albedo via cloud changes which will lead to 
climate perturbations. Therefore we have used a computer 
model to calculate the Russel-Bond spherical albedo of the 
Earth. This model derives:a value for the global albedo, A, by 
integrating the reflected intensity over all points of the Earth’s 
surface, making allowance for variations in reflectivity and angle 
of incidence at each point. The model has been described in 
detail elsewhere” and has been shown to give results consistent 
with measured values for A. The numerical integration includes 
the. reflection due to clouds and is more satisfactory than cal- 
culations** which simply derive the global albedo from 


A=A,a,.+A,1—a,) (1) 


where A, and A, are the average reflectivity values of cloud and 
surface and a, the fractional cloud cover. Our model allows the 
importance and amount of both cloud and surface configuration 
to be estimated. The results have been used in two complemen- 
tary modes below. 

The major global sensitivity to changes in the surface 
temperature could be expected to come via the cloud response. 
It has recently been calculated’® that, contrary to the widely held 
view, increasing surface temperature leads to decreased cloud 
cover (as a percentage of the surface area covered). Sellers’ has 
suggested that this decrease could be caused by the build-up of 
convective clouds rather than stratiform clouds (that is clouds 
with larger vertical extent but smaller horizontal area). Several 
complex general circulation models are producing this type of 
result*'?, Roads’® suggests that the cloud amount will probably 
decrease by 1% per degree K increase in T,. It is now possible to 
investigate the atmospheric response to changes in the surface 
temperature (within the ranges expected from the geological 
evidence). 

We have considered very large changes in T,(+10K) 
(compare the glacial/interglacial change of approximately 5 K) 


to illustrate the stability even in extreme conditions, but the 


results hold for smaller temperature changes also. If T, were to 
be increased from its present value of 288K to 298K the 
resulting increased convection would lead to a decrease in the 
cloud amount of ~10% and hence to a lower value of A. The 
new value of A has been calculated from the computer model 
(see. Table 1). The average atmospheric lapse rate can be 
estimated from the values of the surface temperature and the 


temperature at the tropopause. This tropopause temperature, 


Tror, is approximated by 
Tror 2T, | (2) 


where T, is the effective planetary temperature given by 


>a -A)=oT (3) 
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where o is the Stefan—Boltzman constant, $ the incident solar 
flux and f the planetary flux factor (which represents the ratio of 
the area of the planet emitting thermal radiation to the area 
intercepting solar radiation, and is a function of the planetary 
rotation rate and the absorption properties of the atmos- 
phere*'*). Thus for the present-day situation we have T,= 
288 K, Trop = 214 K and the resulting lapse rate of between 6 
and 7 Kkm™ (in good. agreement with measured values ‘and 
more complex models'*). 

In the surface temperature increase thesis the new value of 
Tror is 218 K, and thus the lapse rate increases which, in turn, is 
likely (on a global scale) to enhance cloud formation (negative 
feedback). Similarly T, = 278 K increases cloud, increases A to 
~35.7% (see Table 1) and gives Tyop = 210 K. The resulting 
lapse rate decrease would tend to inhibit further cloud build-up 
(of all types) and thus secure a return to a stable regime. Our 
contentions regarding the combined effect of changing the 
surface temperature and the atmospheric lapse rate are difficult 
to prove for the globally averaged situation we are discussing. 
However, similar arguments regarding the average atmospheric 
stability and the likelihood of cloud condensation have been 
considered for a number of planets by Goody and Walker!‘ 
Thus it appears that even large changes in T, are unlikely to. 
produce any catastrophic responses from the atmosphere. 

The overall dynamic stability which is indicated by these 
results could, however, be disrupted by a secondary effect of 
changing cloud patterns via the possible variation in cloud 
positions. Obviously the cloud configuration on a global scale is 
a function of the general circulation. Within this framework the 
cloud cover may also be dependent on the predominant under- 
lying surface type. Over very long time periods (10°-10* yr) the 
relative positions of continents and oceans has changed greatly, 
and this may be an important factor for studies of the long-term 
temperature evolution. Henderson-Sellers and Meadows’ have 
shown that continental land: mass movements are of importance 
for albedo changes and hence may be responsible for enhancing 
or stimulating glacial periods. This preliminary study excluded 
cloud cover perturbations. The data regarding cloud distribution 
are still extremely sparse, and any attempt to draw comparisons 
between ‘continental’ and ‘oceanic’ coverage patterns at this 
Stage must be tentative. Studies have been carried out, however, 
to estimate the likelihood of cloud cover of surface features for 
surveillance from satellites'’. This study describes cloud cover in 
terms of climatological regions. I'* have used this cloud data 
base to establish an objective method of cloud description using 
the beta probability distribution. From these studies it is possible 
to generate cloud probability maps (Fig. 1). These maps can 
show the areas most likely to be cloudy (or cloud free) over. 
different time periods. In terms of the evolution of the global 
albedo certain features of Fig. 1 are particularly interesting. 
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Fig.1 Shaded regions have very high probabilities of cloud cover: 


July analysis (for details of analysis see ref. 18). °° e 
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Table 2 Global albedo values, A, calculated for the two extreme 
continental configurations examined 





Clouds Albedo (%) 
Configuration 1 Configuration 2 

No clouds l 6.8 “PAZ 
50% Cloud cover | a A 

present-day distribution 30.9 29.0 
50% Cloud cover | 

extent of ITCZ reduced 29.9 ~ 
50% Cloud cover 

extent of ITCZ increased o= 31.1 





Configuration 1 has all the continental mass close to the equator while 
configuration 2 has the còntinents within 40° of the poles. 


Note that the high cloud cover zones appear to follow the surface 
features (open ocean areas) as well as the general atmospheric 
circulation. Hence we suggest that over very long time periods 
the consequences of changing cloud configuration need to be 
assessed, in spite of the above conclusion that total cloud cover 
may have changed little. We have used the computer program to 
generate albedo values for the Earth, including both latitudinal 
changes in the positions of the continents and the predominantly 
cloudy regions. We have retained 50% cloud cover in these 
calculations, whilst slightly perturbing the areas of dominant 
cloudiness (Table 2). Both the magnitude and direction of the 
change in A are significant. 

Note that global albedo values only are piesenicd here. The 
interactions between solar radiation and the terrestrial climate 
are extremely complex and depend on many factors. This 
complex system has recently been considerably trivialised*” by 
the suggestion that the current distribution of continental 
masses favours glaciation via the ‘Milankovitch’ orbital pertur- 
bation effect because of seasonality of temperatures (for exam- 
ple, the radiation distribution leading to cool northern summers 
and cold southern winters retaining and initiating ice cover 
respectively). This is contrary to the facts—climatological 
studies and more recent satellite data” immediately confirm 
that seasonal temperature change is greater in the Northern 
Hemisphere and that at present the Northern Hemisphere 
summer is warmer than the same season in the Southern 
Hemisphere. This is, of course, due to the global distribution of 
large oceanic areas and indicates that the ‘Milankovitch’ 
mechanism, if shown to be the cause of glacial epochs, operates 
despite the present global geography which opposes its effects in 
both hemispheres. Here we simply indicate the probable effect 
on the global radiation balance of cloud response to two extreme 
surface configurations. 

The configurations chosen are: (I) all the land gathered closely 
around the equator; and (2) all the land areas within 40° of the 
poles. The albedo range in the absence of clouds is consider- 
able'®. However, imposition of present-day cloud reduces this 
difference to almost zero and reverses the ordering. We suggest 
from these studies that the global cloud cover could have 
responded to changes in the surface land/ocean configuration. 
We have therefore also calculated the likely global albedoes 
with a constant cloud cover percentage (50%) but with slight 
latitudinal changes in positioning of the predominantly cloudy 
areas. The change in A is considerable (7.2% for polar land 
masses, configuration 2). It is immediately clear that the postu- 
lated cloud changes re-establish the albedo difference between 
the two global configurations, the polar land mass case 
(configuration 2) still resulting in a higher value of A (although 
the difference between the two models is less than was pre- 
viously anticipated’). 

: Our model calculations of the global albedo suggest two 
important conclusions. First, it seems that the average global 
cloud cover has remained approximately constant throughout 
the evolutionary history of the Earth’s atmosphere. Second, a 
much smaller effect due to the reinforcement of surface forcing 
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of the albedo by perturbed cloud configuration is probably 
important in medium-term climatic change. 
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Permo-Triassic and Jurassic 
*Ar— Ar ages from 
Greek ophiolites and associated rocks 


PRECISE radiometric dating of ophiolites and associated rocks 
is usually very difficult as the rocks are often altered by ocean 
floor metamorphism or during tectonic emplacement onto the 
continental margin. Only age determinations on primary 
mineral phases can be considered to approximate their initial 
crystallisation and cooling ages. The K-Ar technique is 
generally used to date ophiolitic rocks, but even if primary 
mineral phases are analysed, there is always the uncertainty that 
the resulting age could have been partially reset by later thermal 
or tectonic events. The *°Ar—*’Ar step heating method is able to 
detect and often to correct for any partial loss of argon, and thus 
overcome these problems. We have determined and report here 
“°Ar—**Ar age spectra for hornblende separates from two 
unaltered samples of igneous rocks that are interpreted as the 
initial igneous products of rifting in the Othris region of central 
Greece. A third hornblende has been analysed from amphi- 
bolites believed to have been formed during tectonic emplace- 
ment of the Pindos ophiolite (Fig. 1). The ages suggest that the 
initial rifting began in Othris in the Permo-Triassic (~248 Myr), 
while tectonic emplacement of the Pindos ophiolite occurred in 
the middle Jurassic time (~180 Myr). 

The breakup of a continental area in what is now the Othris 
region began in early Mesozoic time’. It is believed to be 
contemporaneous with the formation of picrites, wehrlites, 
dolerites, pillow lavas, tuffs and the deposition of associated 
cherts and dolomites assigned to the Agrilia Formation’. The 
age of the Agrilia formation is not well constrained. In parts of 
Othris the underlying Gavriani Formation contains Upper 
Permian and Lower Triassic fossils, but the Gavriani/Agrilia 
boundary may be diachronous’. Previously determined K-Ar 
ages on altered whole rocks’ and amphibolite related to the 
emplacement of the ophiolites’ were considered at best to be 
minimum ages of crystallisation (160, 185 Myr). Ar- Ar 
analyses of primary hornblende from a wehrlite and a dacite in 
the igneous sequence have been obtained (Tables 1 and 2). Age 
spectra and associated Ca/K ratios are given in Fig. 2a and b. 
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Fig. 1 Published K-Ar ages with new *°ar~" Ar data (under- 

lined) on n ophiolites and associated rocks in Yugoslavia, Greece and 

Crete”'*"'*, Decay constants recommended in ref. 16 used for all 
data, with time scale in ref. 6. 


Details of analytical procedure will be given elsewhere, but 
duplicate analyses indicate the precision of the data. 

The wehrlite hornblende spectrum is flat (Fig. 2a) and 
indicates a crystallisation age of 251+5 Myr. In contrast, the 
dacite hornblende spectrum shows increasing age with increased 





Table 1 Sample locations and characteristics 





Description and probable 
significance 


Qlivine (Fo84.5) 
poikilitically enclosed by 
augite and minor brown 
hornblende. Part of a gabbro- 
peridotite cumulate sequence 
related to picrites. Inception of 
rifting and igneous activity. 
Dacite: Phenocrysts of brown 
hornblende, biotite, albitised 
plagioclase showing relict zon- 
ing and minor quartz. The 
groundmass has recrystallised 
to fine-grained albite K-feld- 
spar. Isolated outcrop in plain. 
Felsic member of the Triassic 
volcanic suite associated with 
rifting. 

Amphibolite: Green horn- 
blende showing strong linea- 
tion plus plagioclase. Associ- 
ated with garnét~mica schists. 
Probably continental margin 
material metamorphosed by 
ophiolite emplacement. 


Sample* 


G-16R 
108185 


Locality 


~2 km west of Andini- Wehrlite: 
tsa, Othris Mountains 


G-18 
108201 


~3 km south-east of 
Dhomokos, Othris 
Mountains 


B76-24 
123656 


Avominsta valley, 
Perivoli 





* Six-figure numbers from Harker catalogue, Department of 
Mineralogy and Petrology, Cambridge. 


outgassing of *’Ar (Fig. 2b). This age spectrum approximates 
the diffusion loss pattern predicted by Turner* for later reheat- 
ing and observed by Dallmeyer” in hornblendes in a 


remetamorphosed terrane. If it is assumed that the spectrum is 


the result of diffusive loss of the argon, then the crystallisation of 
the hornblende is approximated by the highest temperature step 
and indicates an age of 245 +5 Myr or greater, similar to the 
wehrlite age. The minimum age observed in the low temperature 
steps suggests that the reheating took place at 150 Myr or later. 


Ca/K 


Ca/K 


Age (Myr) 





0 20 40 60 80 100 
% Ar 


Fig. 2 a, Age spectra for duplicate analyses of G-16 wehrlite 
hornblende. Integrated age is 251 +5 Myr; 0.26% K. Error boxes. 
(20) in all figures are analytical only and do not include uncertain- | 
ties in the irradiation parameter (~1%). Errors on sample ages in. 
the test and integrated ages do include this uncertainty. b, Age 
spectra for duplicate analyses of G-18 dacite hornblende. a 
Integrated age is 231 +4 Myr; 0.80% K. 7 


These two ages of ~248 Myr (near the Permo-Triassic 
boundary®) are the oldest ages so far determined on igneous. 
rocks associated with initial rifting in central Greece. The ocean 
floor generated next to the continental margin cannot be older 
than these rocks, but it may be younger. Using the Red Sea asan 
analogy, Hynes’ suggested that the initial igneous activity asso- 
ciated with rifting in the Othris region might precede truly 
oceanic rifting by as much as 40 Myr because of a slow rifting 
rate. However, Nisbet and Price’, on examining the cherts . 
forming the upper member of the Agrilia Formation also 


790 
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Fig.3 Age spectra for B76-24 amphibolite hornblende. 
Integrated age is 181 +4 Myr. Duplicate total fusion ages are 
186 +6 Myr and 188+6 Myr; 0.036% K. ` 


suggested a slow rate of rifting (~1 cm yr~'), but they believed 
these cherts could have formed in an oceanic environment after 
only 7 Myr of rifting, resulting in an ocean basin 150 km wide. 
Thus a well-developed oceanic environment could have grown 
in a relatively short time period and the ocean floor could have 
an age indistinguishable within the error limits from the age of 
the early rifting volcanics (248 Myr). At present there are no 
biostratigraphic or radiometric data on the age of the ophiolites, 


but it is known that they were tectonically emplaced in Upper . 


Jurassic or Lower Cretaceous time, about 135-145 Myr ago”. 
Most workers agree that not only the Othris ophiolites, but the 
Vourinos and Pindos ophiolites were probably emplaced at this 
time”’°, aswell as some of the Yugoslavian examples’! 
Amphibolites and other metamorphic rocks developed at the 
base of ophiolites are currently interpreted as. having been 
created by the tectonic emplacement of a relatively thick and 
probably hot sheet of ophiolite over continental margin 
sequences’*. Previously determined K-Ar ages on a hornblende 
separate and a whole-rock amphibolite from the rocks at the 
base of the Othris ophiolite gave average ages of 161 Myr. 
Because of the large analytical error (+12 Myr); the amphi- 
bolites did not appear significantly older than the emplacement 


age suggested by field evidence—about 135-145 Myr. 
Table 2 Mineral analyses 
G16 G18 B76-24 
(crystals zoned | 
Mineral (average of 4) from to) (average of 3) 
SiO, . 45.8 41.8 41.2 47.8 
TiO, 4.8 4,1 3.3 0.38 
ALO; 7.9 10.5 9.4 109 
FeQ* l 6.2 15.3 23.0 7.5 
MnO ND 0.22 0.49 0.14 (1 only) 
MgO l 16.5 11.1 6.1 15.6 
CaO i 11.0 10.9 10.5 a Bee 
NaO = 3.4 eA an 1.3 
K,O : 0.28 0.86 #2 0.047 
Total 97.0 97.5 97.4 96. 1 





Probe aes by W. E. Cameron (G16, G18] and J. spray [B76-24], 
* All iron expressed as FeO. 

+ Subsequent °Ar—" Ar analysis. 

ND = not determined. 
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However, five K-Ar determinations on metamorphic rocks 
below three Yugoslavian ophiolites lying in the same zone as the 
Greek ophiolites (Fig. 1) also gave emplacement ages ranging 
from 160 to 171 Myr'***. 

We have analysed a honblende separate (Fig. 3) from an 
amphibolite at the base of the Pindos ophiolite in northern 
Greece (Tables 1 and 2). Though initially emplaced in Mesozoic 
time, later Cenozoic thrusting has moved the ophiolite sheet so 
that it now lies tectonically on Eocene ‘flysch’. This latest phase 
of emplacement has not reset the earlier Jurassic emplacement 
ages obtained from the amphibolites. The age spectra for 85% 
of the gas release is flat within the limits of analytical error and 
indicates an age of 182 +4 Myr. The age clearly shows that the 
amphibolites have not been created by Cenozoic thrusting but 
are related to an earlier Jurassic period of emplacement. In 
Othris the ophiolite has not been moved again by Cenozoic 
thrusting, but the field evidence clearly indicates an Upper 
Jurassic or Lower Cretaceous emplacement. Thus the amphi- 
bolites in the Pindos and Othris ophiolites are significantly older 
than would be suspected from field evidence, but similar to 
radiometric emplacement ages reported from Othris and 
Yugoslavia”, We reconcile these data by postulating that 
the Ar- Ar age represents the time when a hot ophiolite sheet 
over-rode sediments and/or basic igneous rocks on the lower 
continental slope, whereas the field evidence gives the age of 
final emplacement of the ophiolite onto a continental platform 
some 40 Myr later in the case of the Othris ophiolite and some 
140 Myr later in the case of the Pindos ophiolite. 

The most important conclusions from these data are that 
igneous activity associated with initial rifting in this western belt 
of ophiolites in Greece may date from the Permo-Triassic 
boundary, and that ophiolite emplacement began in the lower 
Jurassic. Whether emplacement was slow and steady or fast and 
episodic cannot be decided from the available information. 

We thank our departments for support. The *°Ar—*?Ar 
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Geological significance of 
a Middle Cambrian 
fauna from Antarctica 


A NEW collection of a Cambrian fauna, occurring as erratics ina 
Quaternary moraine near Mount Provender (80°23'S, 
29°55’W), western Shackleton Range (Fig. 1, inset) is reported 
here. It includes inarticulate brachiopods and trilobites, 
together with the first hyolithids and primitive molluscs from the 
area. Because of the isolation of the Shackleton Range, data on 
this fauna have accumulated only slowly’. It is important 
because it is located at a geographical extreme of the known 
extent of the Cambrian in Antarctica, and because is represents 
a contribution to our knowledge of world Cambrian faunas. 
Although the provenance of the fossiliferous erratics is prob- 
lematical, it has important stratigraphical implications concern- 
ing the controversial age of the Blaiklock Glacier Group, for 
which ages as far apart as Cambro-Ordovician’” and Permian’ 

have been considered. 

Other Cambrian faunas from Antarctica (Fig. 1) occur in the 
Transantarctic Mountains and in the Ellsworth Mountains of 
Lesser Antarctica. Like those of the Shackleton Range, they 
usually consist of assemblages of brachiopods and trilobites with 
or without associated archaeocyathids. In some instances 
exclusively archaeocyathid faunas have been found. The faunas 
range in age from late Lower Cambrian to Upper Cambrian” 
although associated acritarchs at one locality in northern 
Victoria Land (Fig. 1, locality 9) suggest a possible brachiopod 
fauna might be as old as latest Precambrian’” 

The Shackleton Range fauna occurs in fissile shales and 
siltstones. With the exception of the inarticulate brachiopods, 
which have shell material preserved, the fauna is present as 
internal and external moulds of moderate relief. In general, the 
brachiopods are preserved as unbroken but separated valves, 
the trilobites as disarticulated fragments, and the hyolithids as 
isolated conches. There are, however, moulds of completely 
articulated trilobite exoskeletons and broken brachiopod shell 
debris. The primitive molluscs are known from a single bedding 
plane on a small slab of shale; they are entire but laterally 
flattened. 

All the brachiopods are identifiable with the obolids pre- 
viously described from the area. Two forms can be dis- 
tinguished, one with thin smooth shells and the other with 
thicker shells having rows of concentric pits on the internal 
surfaces. Whether these represent two species or variants of the 
same species is uncertain. 

The primitive mollusc is similar to some forms of Helcionella 
but is probably closer to Mellopegma '', a possible intermediate 
between the Monoplacophora and Rostroconcha. The speci- 
mens are small (the largest is 3.3 mm long), laterally compressed 
cap-shaped shells with strongly recurved apices and coarse 
concentric growth corrugations. 

The trilobites include agnostids of Triplagnostus and 
Peronopsis types, and ptychoparids of Ehmania, Lyraspis and 
Elrathina types. As pointed out by Soloviev and Grikurov* 
these indicate a Middle Cambrian age for the fauna. The 
mollusc, if correctly assigned to Mellopegma, is also of stra- 
tigraphical value because its only previously reported occur- 
rence is in the early Middle Cambrian of Australia. However, 
Runnegar and Jell'' argued that morphologically similar forms 
must have existed as early as the Tommotian (early Cambrian). 

Specimens in our collection suggest that, although the 
brachiopods and trilobites sometimes occur in mixed assem- 
blages, they lived largely in different conditions. In general, the 
brachiopods occur in the siltstones or fine sandstones, whereas 
the trilobites occur more frequently in the shales. This, and the 
occurrence of fragmented shell accumulations, suggest that the 
brachiopods inhabited a slightly higher energy environment, 
periodically subjected to current action and reworking’. 
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The trilobite faunas of the Heritage, Neptune and Argenina 
Ranges and Harold Byrd Mountains all occur, in limestotes, 
although associated Cambrian successions also contain clastic 
rocks. Together with occurrences of archaeocyathid limestores 
it seems that a belt of intermittent limestone deposition vas 
present along the site of the Transantarctic Mountains in 
Cambrian times. By contrast, the trilobites of the Shackletan 
Range occur in non-calcareous shales and siltstones. In this 
respect they resemble the upper Middle Cambrian fauna of the 
Mariner Group, northern Victoria Land”, where trilobites are 
present in fissile mudstones attributed on sedimentological cri- 
teria to an open marine environment’*. However, all known 
Antarctic Cambrian trilobite faunas are dominated by non- 
agnostids, a feature ascribed by Palmer'*:'* to faunas whose 
access to the open sea was restricted. Only the Aphelaspis-rich 
fauna of the Ellsworth Mountains” has apparently been inter- 
preted as having had unrestricted access to the open sea’* 

The source of the fossiliferous erratics is unknown but all 
previous geologists who have worked in the area have consid- 
ered that they have not moved far. However, 11 is difficult to 
support the suggestion that the source underlies the Blaiklock 
Glacier Group*, presumably in pockets. Wherever the base of 
the Blaiklock Glacier Group is exposed it rests uaconformably 
on the basement rocks and leaves no room for intervening 
sedimentary beds. Also, no evidence of the fossiliferous 
material, as derived blocks, has been found in the rudaceous 
rocks of the Blaiklock Glacier Group and tke latter are 
obviously derived directly from the underlying basement rocks. 
Therefore, the original suggestion by Stephenson’ that the 
source of the fossiliferous erratics may be intermediate strata of 
the group hidden beneath Blaiklock Glacier seems more prob- 
able and supposes a marine transgression following deposition 
of the lower terrestrial beds, and preceding rejuveration of the 
landscape with subsequent deltaic sedimentation” 

Radiometric Rb-Sr age data on basement rocksin this area 
range from 519+ 15 Myr to 656+ 66 Myr (E. S. Grew and M. 
Halpern, unpublished). Compared with the Middie Cambrian 
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Fig. 1 Distribution of Cambrian faunas in Antarctica circles . 
denote shelly faunas, triangles denote archacocyathid faums (solid 
symbol = in situ, open symbol = moraine). 1, Mount Prwender, — 
Shackleton Range {Middle Cambrian); 2, Whichaway Ninataks 
(Lower Cambrian)’; 3, Argentina Range, Pensacola Maintains 
(Lower and Middle Cambrian)’; 4, Neptune Range, Peasacola 
Mountains (Middle Cambrian)’; 5, Heritage Range, Elbworth 
Mountains (Upper Cambrian)*: 6, Harold Byrd Mountains 
(Middle Cambrian)"; 7, Beardmore Glacier area (ower 
Cambrian)’; 8, Nimrod Glacier area (Lower Cambrian)’; 9 Evans 
Névé, northern Victoria Land (Lower and Upper Cambria)” s 
The inset shows the Mount Provender area of the Shaccleton 
Range and the collecting locality of the specimens discussed here 
{bold arrow). Solid areas are rock outcrop, stippled areis are 
moraine. 
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paheontological age for the fossils, this indicates fairly rapid 
upift and erosion to expose the grade of metamorphism 
immediately underlying the conglomerates at the base of the 
Bhiklock Glacier Group. Fhese conglomerates are almost 
certainly the products of that uplift and erosion. 

If the fossiliferous material is very local in origin it can be 
concluded from the limited evidence available that the lower 
part of the Blaiklock Glacier Group pre-dates the fossiliferous 
erratics so that it is no younger than Middle Cambrian. An upper 
age limit for the upper part of the Blaiklock Glacier Group of 
pre-late Carboniferous is indicated by a dolerite dyke, intruding 
an outlier of the upper (deltaic) part of the group at The Dragons 
Back, 25 km to the east", which has a K-Ar age of 297+ 
12 Myr (ref. 16). — | 

The occurrence of a slab with rounded edges (about 1.5 m in 
diameter by 0.4m thick) in the moraine with one surface 
covered in broken brachiopod shells (P. D. Marsh, personal 
communication) suggests a third possibility, that the fossil- 
iferous slabs are disintegrated remnants of large glacial erratic 
blocks from a distant source. However, no other exotic erratics 
have been found in the moraine so that it is still more likely that 
the debris has not moved very far. 
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Opisthopubic pelvis in 
the carnivorous dinosaurs 


THE dinosaurs are subdivided into Saurischia and Ornithischia 
on the dasis of their pelvic girdles’, which differ chiefly in the 
positio: of the pubis. In saurischians the pubis extends forward 
and downward whereas in ornithischians the supposed 
homologue of the pubis—the postpubis—is directed backward 
and dbwnward parallel to the ischium. New finds from 
Mongtlia, however, show that some carnivorous dinosaurs had 
a pubi: orientated parallel: to the ischium. As I report here, such 
a pubs has been found in the dromaeosaurids’, the segno- 
saurid;’ and a new genus from the Khara Khutul locality in 
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Fig. 1 Pelves of the carnivorous dinosaurs. a, Pelvis in the 
Mongolian dromaeosaurids; the same in: b, segnosaurids; c, 
dinosaur from Khara Khutul; d, podokesaurids; e, saurornithoi- 
dids; f, oviraptorids; g, allosaurids; h, Mongolian tyrannosaurids; i, 
ornithomimids; j}, American dromaeosaurids (Deinonychus) as 
reconstructed by Ostrom (the pubis seems to be incompletely 
turned back); k, Archaeopteryx as traditionally reconstructed from 
Berlin specimen; /, Archaeopteryx as reconstructed by Ostrom (the 
pubis seems to be incompletely turned back as well in Deinony- 
chus). The drawings in b, d, g, J, k and l are taken from refs 3, 9, 14 
and 16. 


south-east Mongolia, which has not yet been described and 
possibly represents a new family. 

Dromaecosauridae** are known from the Cretaceous of North 
America and Central Asia. In the Mongolian representatives of 
the family, Velociraptor*’’ and two genera not yet described, the 
pubis is directed backward’. In the North American Deinony- 
chust the pelvis is not fully preserved and according to the most 
recent reconstruction’, the pubis seems to be incompletely 
turned back (Fig. 1/). The typical dromaeosaurid pelvis’ (Fig. 
1a) is characterised by a shallow ilium, a pubis with a broadly 
oval and laterally flattened distal end and an ischium 
significantly shorter than the pubis, with a large obturator 
process. Thus the dromaeosaurid pelvis has the general charac- 
teristics of the small theropods and only the direction of the 
pubis distinguishes it from the saurischian pattern (Fig. 1d-/). 

The ilia in the segnosaurids (Fig. 1b) are well separated from 
each other and extremely deep, with very large anterior wings 
strongly deflected outward. The dorsal edge of the very short 
posterior iliac wing has a large cubic projection. It is not clear 
whether this projection should be considered homologous to the 
antitrochanter of ornithischians or whether it represents a new 


structure. The re-orientated pubis has a laterally flattened, large 


distal end; the ischium is elongated, its obturator process being 
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placed more distally than in dromaeosaurids and some other 


small theropods. 

The preserved bases of the ilia of the Khara Khutul specimen 
(Fig. 1c) clearly show that these were also broadly separated and 
had cubic projections as in the segnosaurids. However, the pubis 
with the boot-like distal end is quite distinct from that in 
segnosaurids. The obturator process is situated distally, narrow 
and firmly coalesced with the pubic shaft, just above the distal 
end of the latter. Besides some common characteristics, the 
pelves of the segnosaurids and the Khara Khutul specimen each 
have distinguishing features. 


Thus, alongside dinosaurs with a typical saurischian pelvis, | 
lived others with a pelvis not strictly ‘saurischian’. I propose to 


refer to the former as ‘prepubic’ and the latter as ‘opisthopubic’, 
although these terms have already been used to designate two 
main pelvic structures in saurischians and ornithischians, 
respectively’. The opisthopubic pelvis probably provides evi- 
dence of evolutionary changes in the function and effectiveness 
of several pelvico-femoral muscles" 

There is considerable similarity between the opisthopubic 
pelvis (particularly of the dromaeosaurids) and the primitive 
ornithischian ? pelvis, reflecting to some extent the relationships 
of the two. main types of pelvis and confirming the unity of the 
dinosaur stock'*. On the other hand, the-existence of the opis- 
thopubic pelvis supports the idea that the parallel evolutionary 
lines of carnivorous dinosaurs’ includéd some that transcended 
the limits of theropod evolution, within which predatory habits 
and full bipedalism'* were most effectively realised on the basis 
of a prepubic pelvis. The opisthopubic pelvis was evidently 
associated with specific lines of theropod evolution'*. Further- 
more, the existence of this type of pelvis makes it more likely 
that Archeopteryx had a posteriorly directed pubis'” 

In general, the opisthopubic pelvis must have had many 
advantages and probably appeared several times during both the 
early evolution of the dinosaurs and the ancestry of birds. 
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Effect of salivary glands _ 
on wound contraction in mice 


ALTHOUGH there has. been speculation about the healing 
powers of saliva, recent interest in the salivary glands has been 
concerned with the physiology -of nerve growth factor and 
epidermal growth factor’*. However, saliva also contains other 
biologically active substances such as kallikrein’ , amylase’, 
lysozyme®, immunoglobulins’ and renin’ ’, Lysozyme i is believed 
to enhance healing by suppressing: infection” . The wound heal- 
ing process can be divided into epithelialisation, contraction, 
collagen synthesis and scar remodelling’? : the evidence presen- 
ted here suggests that contraction is affected by the salivary 
glands. 3 
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Fig.1 Rate of subpannicular wound healing in normal mice caged 
separately or together (a), or after sialectomy (b, c); Results are 
expressed as mean % area+1s.d. for five to six mice. a, Normal 
animals were caged either separately (@-—) or in groups (@- - 
~™). The healing rate was significantly faster with communal 
caging (>, P<0.001). b, Mice caged in groups but with prior 
sialectomy (SMG, SLG) (@-——--@) or sham sialectomy (~~ Ed, 
The rate of healing in sham-treated animals was the same as in. 
non-operated controls (Table 141I), but was significantly. faster. 
than in sialectomised animals (>, P<0.001; e, P< 0. 05). C, 
Animals caged in groups with sialectomised (SMG, SLG) mice in 
the same box as sham-treated animals. In this. situation no 
differences were found in healing rate (P < 0.001). 
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Table 1 The effect of various operative and non-operative procedures on the rate of wound healing 


Experimental groups No. of animals 


a, Suprapannicular wounds 
I 


Controls (separated) 4 
II Controls (together) 10. 
WW Sham sialectomy 7 
IV  Sialectomy (SMG, SLG) 15 
V Sialectomy (SMG) 5 
VI Sialectomy (parotid) . § 
VII Duct ligation (no delay) 6 
VIII Duct ligation (4-day delay) 6 
IX Duct ligation (7-day delay) 7 
b, Subpannicular wounds 
I Controls (separated) 6 
II Controls (together) 5 
HI Sham sialectomy 5 
IV Sialectomy (SMG, SLG) 5 
V — Shams (with sialectomies) 6 
VI  Sialectomies (with shams) 6 


2 4 6 8 10 12 
92+2 81410. 65+17 5519 24+7 ` 86 
37415 | 2548 | 197 10+2 4+2 21 
39+7 2645 19+5 11+4 4+1 1+1 
96215 7814 58+13 3049 1225 5+1 
55+6 4848 3249 19+3 1444 2+2 
47+6 = 392 2144 1325 6+3 l+1 
79+15 59x11 49+6 „186 .... ct BP nc, BES 
647 5649 424+5 2225 72 3+2 
704 “6445 53243 2724 -l S41 
815 80+7. 7545 61+7 50+6 2344 
26+9 15+7 14+4 10+2 1+2 0 
2545 19+7 17+7 14+3 542 1+2 
6247 58+8 48+8 2125 10+3 342 
29+10 23+8 16+5 7+3 242 0 
2146 1644 15+4 8+3 342 1+1 


No. of days after wounding 
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The wound areas were traced on to paper using a transparent plastic sheet; the paper was cut and then weighed on a Mettler H54 balance. The 
weight of the tracing taken 2 h after wounding was arbitrarily designated as 100, and all subsequent measurements were expressed as a percentage. All 
sheets of paper came from the same batch and were of uniform weight (12.5 + 0.03 g) for their size of 43:2 cm x 27.5 cm. Measurements were made on 
alternate days up to 12d when further accurate measurements were not possible. The results were compared using a t-test for the mean % area 
(+ 1s.d.). Animals were housed in groups of four to six during the experiments except in groups al and bI. Sialectomy, carried out 7 d before the skin 
wound, included the submaxillary glands (SMG) and sublingual (SLG) or parotid glands as indicated. Ligation of the submaxillary and sublingual 


gland ducts was carried out with intervals of 0, 4 or 7 d before wounding. 


A 1-cm? skin wound was cut into the centre of the back in 110 
female C57BL/6J mice aged 50-100 d. Both superficial and 
deep wounds were studied; the superficial wounds were made by 
excision of skin only and the deep wounds by excision of skin and 
panniculus carnosus muscle together. The wound was allowed to 
dry and retract for 2h before initial measurement. At 48-h 
intervals after wounding, the animal was lightly anaesthetised 
with ether, and the wound area measured. Table 1 summarises 
the measurements made at 0-12 d in each group. Histological 
sections were prepared from six controls and seven sialec- 
tomised animals on alternate days up to 12 d. Paraffin sections 
were prepared with both haematoxylin and eosin or Gomori 
Trichrome. 

In normal mice, healing rate of suprapannicular (Table 1al, 
II) and subpannicular (Table 151, II) wounds were almost the 
same, the deeper subpannicular wounds showing a slightly faster 
rate of contraction during the first 48h. Wound healing in 
normal mice varied with the caging method (Fig. 1a). When the 
animals were caged separately their wounds healed slowly, with 
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Fig.2 Effect of removal of submaxillary and sublingual glands on 

early wound shape. Aa-—c Shows the rapid wound contraction seen 

in a normal animal at 0, 2 and 4d, respectively. A wound of a 

sialectomised animal at 0, 2 and 4 d is shown in Ba-c. The wound 

outlines were traced from photographs, and are approximately x2 
actual size. 


the formation of a thick eschar after several days. The mice 
attempted to lick their own wounds but this was prevented by 
the wound position in the centre of the back. When the animals 
were caged in groups of four to six, all the wounds underwent 
marked contraction within 1-4 d. The initial square wounds 
became stellate, similar to patterns described in rabbits’’ and 
guinea pigs’* (Fig. 2). Communal grooming and wound licking 
were observed whenever animals were housed together, and 
therefore all subsequent experiments were carried out with 
grouped mice. 

After removal of both the submaxillary and sublingual glands 
(SMG, SLG), the contraction rate was significantly slower than 
in sham-operated animals (P<0.001), despite wound licking 
(Fig. 1b). The delayed contraction was similar to that observed 
in normal animals caged alone, with little change during the first 
4d. The sham-sialectomised mice showed rapid wound 
contraction similar to non-operated controls (P > 0.05). 

When sialectomised (SMG, SLG) and sham-operated animals 
were caged together (Fig. 1c), permitting communal wound 
licking, the healing rates were not significantly different 
(P>0.05), with all animals showing obvious early wound 
contraction. 

After removal of the submaxillary glands alone, contraction 
of wounds was slower than in sham-operated controls (P < 0.01, 
except day 12). However, contraction was even slower when 
both submaxillary and sublingual glands were removed (P< 
0.05, except day 10). This result implied that the relatively small 
sublingual glands, as well as the large submaxillary glands, 
contained an active substance affecting wound contraction. 

Following bilateral parotidectomy the healing rate of wounds 
approached that observed in sham-operated controls (P > 0.05, 
except day 4), with contraction macroscopically indistinguish- 
able from that of controls. This suggested that the parotid glands 
had no significant role in the effect. , 

To examine the possibility that the healing effect may be 
mediated by both exocrine and endocrine routes, experiments 
with animals which had undergone gland—duct ligation were 
carried out (Fig. 3). Despite intervals of.0, 4 or 7 d between duct 
ligation and wounding, healing patterns were not significantly 
different (P > 0.2), and therefore a composite group is shown. 
Healing was significantly slower than in either non-operated or 
sham-sialectomised controls (P<0.001), until day 8. When 


Nature Vol. 279 28 June 1979 





6 
Time (d) 


Fig. 3 Effect of ligation of submaxillary and sublingual ducts on 
rate of suprapannicular wound healing. Results are expressed as 
mean “% areat 1 s.d. for 19 mice (only 12 mice on day 10). ¢-Test 
showed no statistical difference between the duct-ligated. groups 
despite intervals of 0, 4 or 7 d before wounding, and therefore this 
figure shows pooled data (@—-—-@). The sialectomised (SMG, 
SLG) (Table lalV) and sham-operated animals (Table Lall) are 
shown as ‘ghosts’ (-—--) for comparison. Wound area was 
significantly smaller than after sialectomy (SMG, SLG) until day 8 
(P <0.05), although it was also larger than in controls until day 8 
(P<0.0001). 


compared with sialectomised (SMG, SLG) animals, the wounds 
of the duct-ligated group were significantly smaller up to day 9 
(P < 0.05), suggesting that saliva was required for rapid wound 
contraction, and also the possibility of an early endocrine- 
mediated response. Even after sialectomy, epithelialisation was 
apparently normal on histological study, but the cause of 
delayed contraction was not determined. 

The rate of wound contraction observed in this study is greater 
than that reported by other workers’’, although animals have 
rarely been permitted or observed to lick their wounds'®, We 
considered that the sialectomy wound might itself affect 
subsequent wound healing, although evidence of different heal- 
ing rates between primary and secondary wounds is controver- 
sial’*. However, as wounds in non-operated and sham-operated 
controls contracted equally fast, this possibility can be dis- 
counted. 

The difference between wounded mice caged individually or 
in groups was the occurrence of communal wound licking, 
suggesting an effect either of licking itself or of a salivary gland 
factor. The mechanical action of the tongue, by minimising scab 
thickness, could reduce any splinting effect of the scab‘delaying 
wound contraction. The scab was certainly thinnest in com- 
munally licked controls (or sham-operated animals) with the 
fastest contraction, although this occurred in the first 2-4 d, 
before the scab became protuberant. The marginally faster 
healing in sialectomised animals caged together, compared with 
controls caged individually, suggested that there was a slight 
mechanical effect; however, any major effect was unlikely in 
view of the much slower healing observed in sialectomised 
animals licked by sialectomised companions than in controls 
similarly grouped. 

Recent evidence suggests that contraction may be controlled 
by myofibroblasts within granulation tissue. These modified 
fibroblasts contain smooth muscle-like contractile proteins as 
well as endoplasmic reticulum for collagen synthesis'®. 
Contraction can be experimentally inhibited by smooth-muscle 
antagonists’, but there are no reported methods of its accelera- 
tion. $ 
It is uncertain whether sialectomy (SMG, SLG) completely or 
only partially inhibited contraction; also, the mechanism by 
which contraction was affected is unknown. Vasoactive 
substances may accelerate the inflammatory response; kalli- 
krein, which stimulates smooth muscle”, may also be involved 
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in myofibroblast contraction. Alternatively, an unrecognised 


salivary gland factor may facilitate fibroblast migration, or the 
differentiation of myofibroblasts, although the origin of these 
cells is still uncertain”, 

These results suggest that the mouse submaxillary and 
sublingual salivary glands contain a factor(s), largely applied by 
licking, which accelerates early wound contraction. This may be 
of practical significance in human surgery, as wound contraction 
is believed to be similar in all mammals. The panniculus 
carnosus in animals merely allows faster contraction because of 
greater skin mobility’’. The next step towards a practical use of 
our finding would be the isolation of the salivary gland healing 
factor postulated here. 
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Normalisation of sister chromatid 
exchange frequencies in Bloom’s 
syndrome by euploid cell hybridisation 


BLOOM'S syndrome (BS) is a rare autosomal recessive genetic 
disorder characterised by stunted growth, Sun-sensitive telan- 
giectatic erythema of the face and an abnormally high risk of 
cancer’, Cultured lymphocytes and fibroblasts from BS patients 
have a high frequency of spontaneous structural chromosome 
aberrations and characteristically high levels of sister chromatid 
exchanges (SCE)*. The primary defect at the molecular level is 
unknown, but the cytological findings are compatible with a 
deficiency ina DNA repair function’. The presence of a defect of 
DNA replication is also suggested by the demonstration that the 
rate of fork motion during replication in BS is slower than 
normal’, German et al. have reported the coexistence of cells 
with both high and normal levels of SCE, suggesting that the 
defect in BS is regulatory. Tice et al. concluded from co- 
cultivation experiments that SCE frequency is mediated by a 
diffusable agent(s) present in the medium of BS fibroblasts. 
Other investigators, however have shown suppression of SCE in 
conditions of co-cultivation’*. We have clarified the conflict 
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between these results by examining euploid somatic cell ee 
between BS.and normal human fibroblasts. 


In the absence of selectable biochemical marker: Wwe. 


obtained hybrids by visual identification of tetraploid clones 
emerging from fusogen-treated cell mixtures”’’. Equal 
numbers of both parental cell types were co-cultivated for 36h 
and then treated with a combination of polyethylene glycol and 
dimethyl sulphoxide (DMSO)'"'. After 10-12 days presumptive 
tetraploid colonies were located by phase contrast microscopy ’, 
isolated and screened electrophoretically for heteropolymeric 
glucose-6-phosphate dehydrogenase (G6PD)"” 
ally, hybrid clones were tetraploid with two Y chromosomes of 
different size and heterochromatin content. A reversion to 
normal levels of SCE in the BS parental phenotype (Fig. 1a and 
b) was noted in six independent hybrids isolated. Only three of 
these hybrid clones could be propagated sufficiently for 
subsequent. quantitative analysis of the frequency of SCE. 
Additional metaphases were classified subjectively as ‘low SCE’ 
or ‘high SCE’, corresponding to the normal and the BS parental 
SCE phenotype, respectively. Results of these quantitative and 
qualitative analyses (Table 1) demonstrate that fusions of 
mutant (high frequency of SCE) with normal (low frequency of 
SCE) genomes result in complete correction of the mutant 
phenotype. In contrast, tetraploid clones resulting from fusion 
between BS parental cells retained the characteristic high 
frequency of SCE (Table 1). 

The possibility that the observed normal low levels of SCE in 
the hybrids could arise from preferential fusion of the low SCE 
parent with a subset of BS cells which have low levels of SCE is 
unlikely for two reasons. First, there was no evidence for 
bimodality* within the BS fibroblast metaphases as regards 
levels of SCE: the parental BS cells uniformly showed charac- 
teristic high levels of SCE (Table 1). Second, in repeated collec- 
tions, 20-25% of the BS:parental metaphases included a small 
centric fragment derived from an apparently stable rearrange- 
ment involving acrocentric chromosomes. These cells were able 
to form complementing hybrids with normal cells, as observed in 
hybrid 24, which contained the centric fragment in all 
metaphases analysed. Thus, at least two karyotypically dis- 
tinctive subsets of cells from this BS strain had SCE phenotypes 
which were recessive in hybrids with normal cells. In addition, 





Fig. 1 Cell cultures were grown in Waymouth media supplemen- 
ted with 16% heat-inactivated FCS. The same lot of serum was _ 
used throughout the experiment to control for variation in levels of | 


spontaneous SCE due to serum’*. The BS strain (GM 1492; 

Human Genetic Mutant Cell Repository, Camden) was G6PD type 
B, had a variant size Y chromosome (q12; CBG40)"* and had 
chromatid gaps, breaks and rearrangements in more than 16% of 
its metaphases in three subsequent collections. The G6PD type A 
strain was derived in our-laboratory from neonatal foreskin. For. 
analysis of SCE, cells were exposed to BUdR (3 wg ml” ') for 44 hin 
75-cm’ tissue culture flasks. Colcemid (0.04 pg ml” ') was added 
2h before collection and slides were prepared according to stan- 
dard cytogenetic techniques. Differential staining of chromatids 
was accomplished with heat and Giemsa according to the method 
of Korenberg and Freedlender'’. a, G6PD E type (BS) tetraploid 
metaphase, showing high SCE phenotype. b, hybrid metaphase 
with low SCE phenotype. Arrows point to the discordant Y 

chromosomes. 


", Cytogenetic-. 
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Table 1 Quantitative and qualitative evaluation of SCE frequencies in 
parental, diploid, tetraploid and hybrid cultures 





G6PD No.ofSCEper SCE phenotype 
Cultures/Clone type metaphase* Low High 

BS parental 

diploid (GM 1492) B 75§.4+ 8.9 (22) (0) (150V 
Normal parental 

diploid (74-30) A 7.0+ 1.8 (25) (50) (0) 
Hybrids 

No. 6 AB 12.4+£2.7 (15) (17) (0) 

No. 9 AB 10.4+2.3 (17) (22) (0) 

No. 24 AB 9.2+1.8 (15) (20) (0) 
BS tetraploidst g 

No. 15 B 129.2 +9.5 (17) (0) (25) 

No. 28 B 133.1+11.4 (16) (0) (20) 
Normal tetraploids 

No. 58 A 


10.5 + 1.5 (6) (19) (0) 





AB represents the G6PD heteropolymeric enzyme. 

*Values are means +s.d.; numbers of metaphases are shown in 
parentheses. 

+50 Metaphases from each of three independent collections. 

Isolated concomitantly with hybrid tetraploid clones after fusion 
treatment and dilution plating. 


none of the hybrid clones seemed to display the characteristic- 
ally high levels of unstable chromatid aberrations of BS cells in 
first division metaphases (defined by the staining response 
following incorporation of bromodeoxyuridine (BUdR). The 
latter observations require quantification in a larger series of 
hybrids. 

Our el do not support the evidence of Tice et al.°, which 
suggested that an endogenous production of a DNA- damaging 
agent caused the high frequency of SCE in BS cells. Rather, they 
are consistent with the idea that the high frequency of SCE 
reflects an intrinsic genetic defect:in BS cells themselves. 

Metaphases from BS heterozygotes show normal levels of 
SCE”. We plan to determine the level of SCE in hybrids between 
BS heterozygotes and related BS homozygotes. Such hybrids 
would contain three abnormal but only a single normal allele for 
the as. yet unidentified gene defect. If such hybrids display 
intermediate levels of SCE, they would serve as a useful test 
system for heterozygosity’ . Our technique of euploid~euploid 
hybridisation might, in addition, be used to investigate the 
question of genetic heterogeneity among BS patients’. 
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Human brain tumour cell strains with 
deficient host-cell reactivation 

of N-methyl-N’ -nitro-N - 
nitrosoguanidine-damaged adenovirus 5 


HOST-CELL reactivation of a population of physically or chemi- 
cally damaged viruses is said to occur when the plaque titre of 
the damaged (but not the control) virus population depends 
strongly on the cell strain selected to serve as the host to support 
virus growth’’. Such cell strain-dependent differences in 
survival have classically been interpreted as reflecting known 
cellular differences in ability to repair DNA”. For example, we 
have previously demonstrated host-cell reactivation of UV- 
irradiated’ or benzo(a)pyrene diol-epoxide I (anti)-treated* 
human adenoviruses. The survival of such treated virus popu- 
lations is much greater when their plaque titre is measured using 
monolayers of fibroblasts with normal DNA repair than when 
using fibroblasts from patients having the genetic disease, 
xeroderma pigmentosum, which are deficient in repair of UV- 
damaged DNA. The work of Lytle and coworkers** and Day’, 
using human cells, has shown host-cell reactivation of UV- 
damaged viruses to occur only when nuclear replicating DNA 
viruses are studied. To assess the hypothesis that human 
tumorigenesis is often associated with repair-deficient cells, we 
undertook a study of host-cell reactivation of various kinds of 
damage using human cell strains prepared both from tumours of 
different organs and from skin of people having genetic predis- 
position to, or familial occurrence of, cancer. As part of this 
work, we measured the survival of adenovirus 5 treated in vitro 
with the carcinogen N-methyl-N '-nitro-N-nitrosoguanidine 
(MNNG). We found that the use of cells from 4 of 13 human 
brain tumour strains as viral hosts resulted in less survival of the 
MNNG-damaged viruses than did the use of more than 20 other 
cell strains prepared from human tumours or from. unaffected 
human organs (Fig. 1, Table 1). Previous studies have not 
detected abnormal DNA repair in human tumours’, We believe 
this to be the first report of host-cell reactivation of MNNG 
damage by mammalian cells. 

Data were obtained in eight experiments with A172 (Fig. 1, 
data from six) and in two each with A382, U-87MG and 
U-105MG. A172 was established from a glioblastoma’ (a glio- 
blastoma is a highly malignant (Grade IV) astrocytoma), the 
other three from astrocytomas*''°. Six other cell strains (T-98, 
118MG, U-373MG, U-251MG, U-178MG and U-138MG) 
also established from glioblastomas or astrocytomas”’ showed 
approximately the same level of host-cell reactivation as the 23 
remaining strains listed in Table 1 (data obtained using three of 
the six are included in Fig. 1). Among the strains showing normal 
reactivation of MNNG-damaged adenovirus 5 were three skin 
fibroblast strains prepared from patients having ataxia telan- 
giectasia—AT3BI, ATSBI and AT81CTO (inactivation data 
for the first two of these is given in ref. 11). The colony forming 
ability of strain AT3BI has been found to be more sensitive to 
inactivation by MNNG than that of the KD, CRL1187, and 
CRL1220 normal strains'*. One cell strain from a xeroderma 
pigmentosum patient, XP12BE, previously shown to be highly 
defective in host-cell reactivation of both UV-damaged* and 
benzo(a)pyrene diol-epoxide I (anti)-damaged* adenovirus 5, 
shows a normal level of host-cell reactivation of MNNG- 
damaged virus. Three skin fibroblast cell strains from persons 
with brain tumours, and belonging to cancer-prone families'*"'5, 
also show normal reactivation of the MNNG-damaged virus. 

Although A172, U-87MG and U-105MG host cells reac- 
tivate MNNG-damaged adenovirus 5 poorly, Fig. 2 shows that 
they have normal host-cell reactivation of UV-irradiated 
viruses. The UV sensitivity of the virus reflected by the slope of 
the inactivation curve is experimentally indistinguishable from 
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that previously reported using 10 normal human skin fibroblast 


strains’. Thus the defective host-cell reactivation of MNNG- 
damaged adenovirus 5, characteristic of these strains, does not 
reflect a general decrease in their ability to support the growth of 
damaged adenoviruses. (While A172, U-87MG and U-105MG 
grow very well, the slow growth of A382 has slowed further 
experimentation, and UV survival was not tested with this 
strain.) 

We interpret our results to mean that the A172, A382, 
U-87MG and U-105MG cell strains are defective in the ability 
to repair MNNG-damaged adenovirus 5. While we believe the 
MNNG lesion, which is not repaired well by these strains, to be 


Peat 





Per cent of remaining plaque forming ability 
= 


0.01 





eds, 05 rö rs 3.0 
MNNG present with adenovirus 
5 for 30 min (mg ml~') 


Fig. 1 Per cent remaining plaque forming ability of adenovirus 5 
as a function of MNNG concentration present with the virus. 
Human adenovirus 5, purified as previously described*, was 
diluted 1: 1000 in 0.3 M Tris, pH 9.0. Aliquots (0. 1 ml) of ethanol 
stock solutions of appropriate concentrations of MNNG (Aldrich) 
were added to 0.9-ml portions of the diluted virus suspension. 
After 30 min incubation at 37°C, 0.1 ml of 0.5M N-acetyl-L- 
cysteine’®, pH 7.2, was added to each treated virus sample to 
reduce the remaining MNNG and thereby to terminate the viral 
inactivation. After 5-15 min further incubation, samples were 
diluted 1:10 into basal medium Eagle's medium (BMEM) 
(Microbiological Associates) containing 1% fetal bovine. serum. 
(GIBCO) plus 50 U penicillin and 50 ug streptomycin per mi, 
Plaque assays were then carried out as described previously mae 
The strains used, followed by the respective number of adenovirus 
5 plaque forming units per m! from the dilution of non-treated 
viruses into BMEM were: A, A382, 11.4 10°; @, U-87MG, 
30.2 x 10°; W, U-373MG, 50.8x 10*; O, U-105MG, 45.4 x 10; 

(1, U-178MG, 53x 10°; A, A172, 36.3 x 10*; W, H4, 90.8 x 10%, 

- V, 118MG, 92.4% 10°; ©, CRL 1187, 16.2 10*; and Œ, HEK, _ 
13.5 10°. Several points are displaced for clarity. Further cell 

Strain data are given in Table 1 legend. 
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Table 1 Cell strains used 
a 


Human tumour Donor Skin fibroblast Donor 
cell strains Tumour of origin age, SEX cell strains Characterisation age, Sex 
Reactivation Reactivation 
deficient proficient 
A172 Glioblastoma (astrocytoma, 53,M CRL 1220 Apparently normal 15,M 
grade IV) . CRL 1187 Apparently normal 14, M 
A382 Astrocytoma 10,M CRL 1224 l Apparently normal 40, F 
U-87MG Astrocytoma, grade Il 54, F KD (CRL 1295) From blood blister of lip 31 F 
U-105MG  Astrocytoma, grade III 62,M WRO0O1 Cockayne’s syndrome 9, F 
Be ged XP12BE (CRL1223) Xeroderma pigmentosum 7,F 
Reactivation AT3BI Ataxia telangiectasia 4,M 
ponant z ATSBI Ataxia telangiectasia 2,M 
118MG Glioblastoma vs. astrocytoma 50, M AT81iCTO Ataxia telangiectasia <1,M 
U-373-MG Astrocytoma, grade IH 61, M AL1405 Acute myelogenous leukaemia 6, M 
U-25IMG Astrocytoma, grade I 75, M AL639 Acute monomyelogenous leukaemia ss 
U-178MG Astrocytoma, grade I 56, M AL377 Brain tumour prone family 19, M 
. a Ar y AL2673 Brain tumour prone family 38, M 
Hs783T et ainsi 4M AL1899 Brain tumour prone family 35,M 
Hs683 Glioma 76,M Other cell strains 
H4 Neuroglioma 37,M Reactivation 
A498 Kidney carcinoma 52, F proficient 
A704 Kidney carcinoma 78,M HEK Human embryonic kidney — 
Hs775T Wilms tumour (kidney) 13,M 
Hs703 Liver carcinoma 55.M Per cent of remaining plaque forming ability 
A204 Rhabdomyosarcoma 1,F 


O O aee 

Cell strains A172, A204, A382, A498 and A7048, 118MG, H4, Hs783T, Hs683, Hs703 and Hs775T were from Dr Walter Nelson-Rees and Jack 
Weaver, with support from the NCI/ Viral Oncology program, under the auspices of the Office of Naval Research and the Regents of the University of 
California. Cell strains T-98, U-87MG, U-105MG, U-138MG, U-178MG, U-251MG and U-373MG were from Dr Jorgen Fogh, Sloan-Kettering. 
Strains designated by ‘CRL’ were from the American Type Culture Collection, Rockville. HEK cells were from GIBCO. Strains designated AL were 
supplied by Dr Anthony Lubiniecki, Meloy (AL377 is from case IV-7 in NIH Clinical Epidemiology Branch family 0068 (ref. 13), AL1899 is from 
case 3 in family 0272 (ref. 14), AL2673 is from case V-8 in family 0165 (ref. 15), and AL1405 from family 0827). AT3BI and ATS5BI were from Dr 
Colin Arlett and AT81C10 was from Dr M. C. Paterson, Atomic Energy of Canada. Strain WR001 was the gift of Dr Peter Nissley, NCI, NIH, Strain 
XP12BE belongs to xeroderma pigmentosum complementation group A (ref. 21). 


in the DNA of a damaged adenovirion, the identification of this 
lesion as being an MNNG altered viral protein remains a 
possibility, although there are no reports of successful cellular 
repair of damaged proteins. 

Candidates for repairable lesions produced by MNNG in 
adenovirus DNA are methylated bases'®, phosphotriesters'’ 
and N-nitrocyanamide reaction products’®. In our experiments, 
we activated MNNG by low amounts (pH 9) of hydroxyl ion, a 
reaction which gives methyl diazonium hydroxide (which 
subsequently becomes a methylating agent) and N-nitro- 
cyanamide anion‘®. We have found that another type of virus 
treatment (treatment of virus suspensions by reduction of 
MNNG using N-acetyl-L-cysteine’®) which produces a strong 
methylating agent, but does not produce active N-nitro- 
cyanamide anion’®, does not result in viral inactivation. This, by 
elimination, suggests that the repairable lesion may be a DNA- 
N-nitrocyanamide reaction product. Further results suggesting 
the possible importance of the N-nitrocyanamide moiety come 
from comparative studies of the kinetics of viral inactivation 
using MNNG and its ethyl counterpart, ENNG. Although these 
two agents produce different amounts of alkylated bases and 
phosphotriesters relative to their total reaction’’ (MNNG gives 
more total reaction than ENNG), they give the same viral 
inactivation kinetics per mol using repair proficient cells (data 
not shown), suggesting that the viral inactivating lesion is due 
either to the N-nitrocyanamide group, common to the two 
agents, or to some alkylated base or phosphotriester made in 
quantities such that the biological effects of the two agents are 
equal. 

The fact that the decreased survival of MNNG-treated virus is 
observed in four of ten cell strains prepared from human astro- 
cytomas suggests four possibilities for the relationship of 
MNNG host-cell reactivation deficiency to the origin of the 
astrocytomas that gave rise to the A172, A382, U-87MG and 
U-105MG cell strains: (1) tumorigenesis leading to astrocy- 
tomas is often initiated in a group of cells which is normally 


deficient in host-cell reactivation of MNNG-damaged adeno- 
virus; (2) such tumorigenesis often generates host-cell reac- 
tivation deficient cells; (3) such tumorigenesis is initiated in a 
cell, which, by somatic mutation, has become host-cell reac- 
tivation deficient: and (4) a large proportion of astrocytomas 
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Fig. 2 Per cent remaining plaque forming ability of adenovirus 5 
as a function of UV dose to the virus. Purified human adenovirus 5 
was diluted 1: 1,000 in PBS, UV-irradiated, and assayed for plaque 
forming ability’*°. The strains used, followed by the number of 
adenovirus 5 plaque forming units per ml PBS were: @, U-87MG, 
18.0X 10°; O, U-105MG, 30.4 x 10°; A, A172, 84.7 x 10°; V, H4, 
22.6 10° ©, CRL 1187, 29.9 x 10°; andi, HEK, 21.6 x 10°. See 
Table 1 legend for further strain data. 
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arise in people who have a genetic defect manifested by 
impaired host-cell reactivation of MNNG-treated adenoviruses, 
If the last possibility were correct, the disease identified would 
be another of the genetic diseases in which defective cellular 
repair of damaged DNA is associated with carcinogenesis. The 
three diseases known to be of this type, xeroderma pig- 
mentosum, ataxia telangiectasia and Fanconi’s anaemia, are 
infrequently associated with brain tumours’. 
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The role of platelet-activating 
factor in platelet aggregation 


PLATELET aggregation is mediated by at least three distinct 
mechanisms'*. The first involves the release of ADP and is 
inhibited by its conversion to ATP by the combination of 
creatine phosphate and creatine phosphokinase (CP/CPK). The 
second is mediated by metabolites of arachidonic acid, parti- 
cularly thromboxane A, (TXA,), and is blocked by aspirin or 
indomethacin, inhibitors of the arachidonate cyclo-oxygenase 
pathway’. It has been postulated that a third mechanism must 
exist, as neither CP/CPK nor aspirin, alone or combined, can 
inhibit aggregation induced by high concentrations of thrombin 
or the calcium ionophore A23187 (refs 1, 2, 4). Antigenic 
challenge of IgE-sensitised basophils releases a platelet-activat- 
ing factor (PAF), probably a 1-lysophosphatidylcholine’. PAF 
has a potent action on rabbit” and human*® platelet aggre- 
gation and release which is independent of the cyclo-oxygenase 
arachidonate pathways*’®"'. We have also obtained PAF from 
A23187-stimulated rat peritoneal’? and alveolar (J.B., B. 
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Fig. 1 Separation by TLC of aggregating substances released 
during ionophore-induced platelet aggregation. The upper part of. 
the figure shows the thin layer chromatogram obtained by running 
a 10-pl aliquot of the 100 ul of the chloroformic platelet lipid’ 
extract. Spots were revealed with iodine vapour. The 90 yl 
remaining was run in parallel and divided into 11 square zones. 
Aliquots of 1 wl of the eluate from each zone were added to 0.35 ml 
of rabbit washed plateletes (5 x 10° platelets per ml) incubated for 
15s with (lower tracings) or without (upper tracings) 5 uM 
indomethacin. Two distinct areas were detected: eluates from 
zones 3 and 4 (left hand) induced aggregation which was unaffected 
by indomethacin and can thus be considered as cyclo-oxygenase. 
independent. Eluate from zone 10 (right hand) induced aggre- 
gation which was completely blocked by indomethacin, indicating 
the presence of arachidonic acid. Vertical scale: % light trans- 
mission; horizontal scale: time in minutes. 


Arnoux and D. Duval, in preparation) macrophages. Moreover, 
thrombin and ionophore-induced platelet aggregation and the 
accompanying stimulation of phospholipase A, (refs 13, 14) are 
inhibited by the phospholipase inhibitor bromophenacyl 
bromide (ref. 15 and B.B.V., F, Fouque and M.C., in pre~- 
paration), suggesting that the third mechanism of platelet 
aggregation might involve a lipid mediator. These findings 
prompted us to investigate whether platelets can form and 
release PAF in experimental conditions in which the ADP and 
TXA, pathways are fully blocked. We report here that this is 
indeed the case, and suggest PAF as a likely candidate for 
mediating the ‘third pathway’ of platelet aggregation. 

In 12 experiments, blood was collected in EDTA (2.5.mM) 
from the ear artery of rabbits, and platelet-rich plasma obtained 
by standard centrifugation procedures. Washed platelets were 
prepared according to the method of Ardlie et al.'® modified as 
described elsewhere‘. In two experiments human blood was 
collected on citric acid—citrate~dextrose (for 9 ml of blood, 1 mi. 
of a solution made of 8 g citric acid monohydrate, 22 g citrate 
trisodium dihydrate and 22.3 g glucose per | of distilled water); 
platelets were washed by two centrifugations at 1,000g for 
15 min on a cushion of erythrocytes and then separated by 
centrifugation at 90g for 15 min (modified by J.B. from ref. 17). 
Washed platelets from rabbits (5 x 10°) and from humans (3.x 
10°) were suspended in 10 ml of Tyrode’s solution containing 
2.5g1"" bovine serum albumin (fraction V, Armour) and 
buffered with Tris (Sigma), 0.01M, at pH 7.4. Platelets were 
stirred at 37 °C with or without 2.5 uM A23187 (Lilly). In four 
experiments aspirin (Prolabo) and the CP/CPK enzymatic 
system were added to platelets 10 min before the ionophore. In 
every experiment, the concentrations used, 0.1 mM for aspirin 
and 31.25 ug ml’ and 15.25 pg ml! for CP and CPK (Sigma), 
respectively, were able to block aggregation induced by 0.1 mM 
arachidonic acid and to convert 504M ADP after 1 min. 
incubation. _-. | a 

Ten minutes after the addition of the ionophore the suspen- 
sion was ultrasonicated for 30 s in a Branson ultrasonicator, and 
the pH was adjusted to 10.6 with NaOH. Incubates were stirred 
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Table1 Release of platelet-activating factor and arachidonic acid from 
rabbit and human platelets during A23187-induced aggregation 





Additions. 
A23187 
Aspirin and 
None A23187 CP/CPK 
PAF 0 1,957+1,147 1,797+740 
Rabbit 
AA 756+ 576 1,197 +653 732+282 
Oo PAF 0:0 — 625: 725 ND 
Human 
AA 0:0 145: 130 ND 





Washed platelets were incubated for 10 min with or without A23187, 
a combination of aspirin and CP/CPK having been added 10 min before 
the ionophore (see text). Numbers represent platelet-aggregating 
activities expressed in arbitrary units per ml of incubate, recovered after 
TLC. PAF, activities from zone 3, indomethacin resistant; arachidonic 
acid (AA), activities from zone 10, indomethacin sensitive. Results of 
rabbit experiments are the méan +s.d. of 12 experiments on 5 x 10° 
platelets per ml; those of humans are from two- separate experiments 
using 3x1 o° platelets per ml. Note that arachidonic acid was also 
released from platelets used as controls, probably due to damage during 
extraction: ND, not done. 


for 1 h atroom temperature and 1.5 volumes of absolute ethanol 
were then added. The mixture was evaporated overnight under a 
stream of air and the residue was extracted twice with 1 mi of 
chloroform. After evaporation the new residue was dissolved in 
100 pl of chloroform. Samples were spotted on silica~gel TLC 
plates (Merck, 60F-254) which were developed with a chloro- 
form/methanol/water mixture (70:35:7). The plates were 
divided into 11 squares of 1.51.5 cm, and the gel from each 
square was scraped and eluted with 500 ul of 60% ethanol. 
Eluates, usually 1-y] aliquots, were assessed for their aggregat- 
ing activity on rabbit washed platelets as described elsewhere’. 

Platelet aggregation was induced by eluates from two main 
areas (Fig. 1): zones 3 and 4, which had an Rp of ~0.35, similar 
to that of hog leukocyte PAF”, and zone 10, with the Rp of 
standard arachidonic acid'*. The aggregating activity recovered 
from zones 3 and 4 was unaffected when 5 uM indomethacin 
was added to platelets before challenge (Fig. 1). In contrast, the 
eluates from zone 10 were totally inactive in the presence of the 
cyclo-oxygenase inhibitor, indicating that the aggregation was 
due to arachidonic acid (Fig. 1). Activities of arachidonate and 
PAF were expressed in arbitrary units—1 unit induced an 
aggregation producing a 1% change in light transmission. 

In these experiments, PAF activity with a range of 565- 
4,000 U ml“ was obtained. In five control experiments no PAF 
was found when platelets were processed without the addition of 
the aggregating agent (Table 1). Preincubation of platelets for 
10 min with aspirin and CP/CPK before addition of the iono- 
phore did not affect aggregation or the formation and release of 
PAF. Human platelets also formed PAF on stimulation with the 
ionophore, although in lower amounts, even considering the 
lower number of human platelets in the release experiments. 
The presence of Ca** was an absolute requirement for the 
release of PAF, as 2 mM EDTA suppressed it completely. 

PAF purified on TLC was totally inactivated by porcine 
pancreas phospholipase A, (Boehringer), an enzyme which 
specifically hydrolyses the fatty acid in the 2 position of gly- 
cerophospholipids. Furthermore, in two experiments TLC- 
purified PAF from rabbit platelets exhibited a similar retention 
time to that of PAF from hog leukocytes, when re-chromato- 
graphed using high-pressure liquid chromatography (HPLC). 
Therefore, PAF obtained from rabbit. platelets: fulfilled the 
criteria necessary to differentiate it from other potential aggre- 
gating agents’'*: refractoriness to indomethacin and to 
CP/CPK, sensitivity to phospholipase Az, solubility in organic 
solvents and typical migration pattern on silicic acid TLC and 
HPLC. PAF from human platelets was also insensitive to 
indomethacin and CP/CPK, was fully destroyed by phospho- 
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lipase A, and exhibited the same migration pattern as PAF from 
rabbit platelets or hog leukocytes on TLC (not tested on HPLC). 

In seven experiments, rabbit platelets were centrifuged for 
10 min after ionophore-induced aggregation. Sonication and 
exposure to basic pH were omitted. The recovery of 63 + 29% of 
total PAF activity in the supernatants indicated that PAF was 
released by aggregating platelets into the extracellular medium. 
The overall release of PAF by the ionophore-stimulated plate- 
lets was very high. Indeed, the amount of PAF released from 
rabbit platelets was 10-50 times greater than that required to 
aggregate 100% of a physiological platelet concentration 
mimicked in an aggregometer tube. PAF released from platelets 
may thus induce aggregation and secretion of the majority of 
platelets in the immediate vicinity, a basic mechanism for the 
formation of the platelet plug during haemostasis. 

Our data indicate the existence of a calcium-dependent 
platelet mechanism leading to the formation and release of PAF 
during aggregation. This release occurs equally well whether the 
ADP and TXA,-dependent mechanisms are activated or 
whether they are inhibited by a combination of aspirin and 
CP/CPK. This strongly suggests that PAF is the mediator of the 
putative third pathway of platelet aggregation. | 
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Sodium-dependent cysteine 
transport in human red blood cells 


ADEQUATE membrane transport of L-cysteine is necessary for 
red blood cell (RBC) survival, as this amino acid is essential for 
glutathione (GSH) synthesis and thus cell protection against 
oxidative damage. Thus, in sheep a genetically controlled L- 
cysteine transport defect leads to a reduced intracellular GSH 
concentration and shortened cell lifespan“. Human RBCs do 
not have the same amino acid transport system as sheep red 
blood cells (SRBC)’, the principal component being a high 
capacity, medium affinity system with a specificity broadly 
directed towards large neutral amino acids, the t-system of 
Christensen®. L-cysteine and its analogue L-a-amino-n-buty- 
rate are carried by the L-system in human RBCs, but with a low 
affinity’. Most experiments on amino acid transport in RBCs, 
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Fig. 1 a, Time course of L-cysteine uptake by human RBCs in 
sodium (@) and choline medium (©). 6, Concentration dependence 
of L-cysteine uptake by human RBCs in the presence (@) and 
absence of sodium (©). Freshly drawn human RBCs were washed 
three times in medium containing 150 mM NaCl or choline Cl, 
15 mM Tris-HCI (pH 7.6 at 37°C) and 5 mM glucose. The buffy 
coat was discarded. L-cysteine uptake was measured at 37°C by 
mixing 0.15 ml prewarmed cell suspension (haematocrit approxi- 
mately 20% ) in the appropriate medium with 0.15 ml prewarmed 
Na or choline medium containing 20 mM dithiothreitol and 1-50 
uM L-cysteine (including L-U-'*C-cysteine (0.5 pCi pmol”); 
Radiochemical Centre, Amersham, UK). Incubations were stop- 
ped at predetermined time intervals by the addition of 1 ml ice-cold 
magnesium chloride solution (107 mM Mg Cl., 10 mM Tris-HCl, 
pH 7.6 at 4°C). Cells were rapidly washed four times in this 
medium using an Eppendorf microcentrifuge (10s, 15 000g). 
Finally the washed cell pellets were lysed with 0.5 m! 0.5% (v/v) 
Triton X-100 in water, and 0.5 ml 5% (w/v) trichloroacetic acid 
was added. The precipitate was removed by centrifugation, and 
radioactivity in the protein-free supernatants determined by g- 
scintillation counting with quench correction. The time course 
studies (a) were made at a final L-cysteine concentration of 10 uM. 
The insert curve in (5) is fitted as A = 49.838/(14.2 + 8) where A is 
the difference between Na and choline uptake rates (umol per | 
cells per h) and S is the L-cysteine concentration (uM). All values 
are means of duplicate estimates. 


particularly involving the L-system, have revealed substrate 
affinities with apparent K,,, values in the millimolar range, much 
higher than the physiological plasma levels of most amino acids. 
We have now investigated L-cysteine uptake in human RBCs 
over the concentration range 1-50 uM, as human plasma levels 
are around 20 .M*’. As the early work of Yunis and Arimura’? 
has shown that glycine and L-alanine transport are partially 
Na-dependent, we have also investigated the effects of removing 
external Na on L-cysteine transport. We report here that human 
RBCs transport L-cysteine by a previously unidentified high 
affinity, low capacity, Na-dependent uptake mechanism. This 
system has a uniquely high affinity for its substrate and is the first 
Na-dependent transport mechanism to be kinetically charac- 
terised in mammalian CIV ROLY EES: At physiological substrate 


concentrations it accounts for approximately half of the L- 
cysteine uptake into the cell. | 

Figure la shows the time course of L-cysteine uptake 
(extracellular concentration 10 uM) in either Na or choline 
medium. Uptake in both cases was linear over the first 10 min.of 
incubation, with the flux in choline medium threefold lower than 
in the presence of Na. Replacement of Na by other cations gave 
inhibitions of 61% choline replaced; 65% Mg replaced; 54% Li 
replaced and 41% K replaced, suggesting that the reduced 
uptake was a true Na-replacement response. Extended incuba- 


tion of cells (2 h) in the presence of 10 pM L-cysteine resultedin — 


label accumulating to 33.4 and 15.4 pmol/1 cell water in Na and 
choline medium, respectively. Figure 1b presents the concen- 
tration dependence curve for the initial rate of L-cysteine uptake 
in either Na or choline medium. The flux in choline medium was 
linear, whereas the Na medium data were consistent with the 
addition of a saturable component obeying simple Michaelis- 
Menten kinetics with apparent Km and V,,,, values of 14.2 yM 
and 49.8 wmol/1 cells/h, respectively. Kinetic studies on three 
individuals gave apparent K,, and V,,,, values (mean+s.e. 
(range)) of 17.6+1.7 (14.2-20.0) uM and 53.9+10.2 (38.5 — 
73.3) wmol/1 cells/h, respectively. 

The possibility that white cell or platelet contamination of the 
RBC population was responsible for the Na-dependent. L- 
cysteine uptake was eliminated by comparing Na-dependence 
before and after filtration to remove white cells and platelets"', 
when fluxes were unaffected. The presence of reticulocytes was 
monitored by brilliant cresyl blue staining’*. Reticulocyte 
counts were in the range 0-1.4% for the three subjects used, and 
there was no correlation between fluxes and reticulocyte counts. 
The magnitude of L-cysteine uptake over extended time periods 
is an additional argument against this effect resulting from 
L-cysteine accumulation in a minor component of the total cell 
population. The fact that the label accumulated to a level three 
times greater inside the cells suggests a possible concentrative 
effect. However, intracellular L-cysteine metabolism may be 
considerable, and makes it impossible to directly relate isotope 
accumulation to free intracellular L-cysteine levels. Further 
experiments. using L-alanine’*, an amino acid which is not 
significantly metabolised in RBC, revealed a Na-dependent 
uptake, confirming the observations of Yunis and Arimura”, 
and L-alanine was found to be an effective inhibitor of Na- 
dependent L-cysteine uptake. Therefore, as these two amino 
acids seem to share the transport system, L-alanine may prove a 
more convenient substrate for characterising this system in more 
detail. Further experiments measuring Na-dependent alanine 
uptake in human RBCs separated according to density on a 
Percoll gradient’? gave 56% Na-sensitive alanine uptake 
(alanine concentration 0.2 mM) in the young cell fraction, and 
43% in the densest fraction, corresponding to the old cells. 

Increasing intracellular Na using the nystatin method”* from 
14 to 95 mmol/l cell water, decreased the Na-dependent uptake 
by 50% (external Na 150 mM). Neither ouabain 1 mM nor 
furosemide 1 mM inhibited Na-dependent amino acid uptake. __ 
At an alanine concentration of 0.5 or 1 mM, it was also possible 
to demonstrate an amino acid-dependent Na uptake, the mean 
Na/alanine coupling ratio being 1.15 + 0.06 (ref. 4). 

The present results suggest that normal human RBCs possess 
a high affinity, low capacity Na-dependent L-cysteine transport 
system, The kinetic parameters of this system relate well to free. 

L-cysteine plasma levels®°, and intracellular — L-cysteine 
requirements for GSH biosynthesis derived from consideration 
of intracellular GSH turnover’*. We therefore conclude that this 


transport system may represent a major pathway for L-cysteine SS 


entry into human RBCs in vive. 
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Ca-stimulated ATPase in brush border 
and basolateral membranes 

of rat duodenum with 

high affinity sites for Ca ions 


THE small intestine plays an important part in the calcium 
homeostasis of the body, but the mechanism by which calcium is 
absorbed is poorly understood. In young rats, active calcium 
transport occurs primarily in the duodenum and is strongly 
dependent on the vitamin D status of the animal’. In brush 
border membranes (BBM) as well as in basolateral membranes 
(BLM) the presence of Ca**-ATPase activity has been 
reported" . Moreover, a good correlation is found between 
Ca**-ATPase activity and net calcium transport in different 
segments of rat small intestine’. These observations suggest a 
role for Ca?” -ATPase in calcium absorption. The electrochem- 
ical potential of Ca’* in intestinal cells suggests that Ca** influx 
is passive, whereas extrusion of Ca’* must be active®. Inherent in 
a role for Ca°*-ATPase in calcium transport is the requirement 
that Ca’*-ATPase be stimulated by concentrations occurring in 
the cytosol (<10°°M). So far, Ca**-ATPase activities in small 
intestine have been assayed in the presence of 2 to 40 mM Ca** 
(refs 3-5). We report here that Ca’*-ATPases in BBM and BLM 
of rat duodenum have K,, values for Ca** activation of 1.1 and 
0.5 uM respectively. Also Ca’*-ATPase activity below 5 uM 
Ca’* is higher in BLM than in BBM fragments. This asym- 
metrical distribution of Ca?*-ATPase activity may provide a 
mechanism for net calcium transport from lumen to blood. 





Table 1 Ca’*-ATPase activities of BBM and BLM fragments at 
various Ca?” concentrations 


Specific activity /purification factor 


[Ca**] (uM P; per h per mg protein) 
(uM) BBM BLM 
0.5 0.043 + 0.010 0.12+0.02 
1.0 0.091 + 0.023 0.17+0.01 
5.0 0.23 +0.02 0.18 + 0.04 
1.28 +0.03 0.42+0.13 





Observed specific activities (mean +s.e.m., n = 5) were divided by the 
purification factors of the BBM or BLM respectively. The purification 
factor for (Na*K*)ATPase, a BLM marker is 7.9+ 1.1 (n = 5), while for 
sugrase, a BBM marker is 39.8+2.7 (n= 52 These purifications are 
comparable to previously published studies” 
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Fig. 1 Eadie—Hofstee plots of Ca**-ATPase activity at various 
calcium concentrations. Enzymatic activity is expressed as percen- 
tage of maximal Ca’*-ATPase activity, for example 3.6 and 54.4 
uM P; per h per mg protein for BLM and BBM respectively. 
Calcium concentrations are expressed in uM. The data have been 
fitted based on a general rate equation for a two-site transport 
model” by means of an iterative procedure (least-squares 
method). Extrapolated Vmax values for the high affinity sites are 
1.58 and 6.53 uM P; per h per mg protein in BLM and BBM 
respectively. These Vmax values represent 45% and 12% of the 
total Ca**-ATPase activity at 1 mM Ca in BLM and BBM frag- 
ments. Km values for the high affinity sites are 0.5 and 1.1 pM in 
BLM and BBM. K,, values for the low affinity sites are 50 and 
70 uM for BLM and BBM respectively. 


BLM and BBM were isolated from the first 15 cm of the small 
intestine of male Wistar rats (140-160 g) using the method 
described by Mircheff and Wright*”. Plasma membrane frac- 
tions were essentially free of mitochondria, as succinic dehy- 
drogenase (SDH) activity was <0.2% of the initial activity. This 
is important as calcium inhibits ATP hydrolysis in fractions 
enriched in SDH activity”. Ca’*-ATPase was assayed as the 
difference between the rates of ATP hydrolysis in the presence 
and absence of calcium. The standard assay medium contained: 
100mM NaCl, 5mM MgCL, 3mM ATP and 50 mM Tris- 
maleate buffer (pH 7.4). Graded amounts of calcium were 
added. Below 50 uM Ca-EGTA buffers were used. Free Ca?’ 
concentrations were calculated by using stability constants and 
equations given in the literature’. All solutions used in Ca**- 
ATPase assays were prepared with water which had been dis- 
tilled three times in the presence of EDTA. Ca’*-free controls 
contained 4mM EGTA. Aliquots of 25 ul BLM or BBM 
suspensions (5-15 pg protein) were incubated at 25 °C in 0.5 ml 
assay medium. The reaction was stopped with 0.5 ml 10% 
trichloroacetic acid and inorganic phosphate was assayed as 
described elsewhere’®. Protein, sucrase, (Na* + K*)ATPase and 
SDH were assayed as described previously” 

The kinetics of calcium stimulation were studied in the 
concentration range 1077 to 10™* M and the results are presen- 
ted as Eadie—Hofstee plots in Fig. 1. The plots show that the 
Ca’*-ATPase of each plasma membrane fraction has two sites, 
one of high and one of low affinity for Ca** ions. The Km values 
for the high affinity sites are 0.5 and 1.1 pM for BLM and BBM 
respectively. The Km values are similar to those of Ca**-ATPase 
in red cell membranes and sarcoplasmic reticulum'’''*. The low 
affinity sites have Km values of 50 and 70 uM for BLM and BBM 
respectively. Optimal activity occurs at Ca concentrations of 0.1 
to 0.2 mM and no further stimulation or inhibition is observed at 
up to 2 mM. As the intracellular Ca concentration is expected to 
be lower than 10 uM, the high affinity sites are of physiological 
importance. The demonstration of these sites makes the Ca’*- 
ATPase of plasma membranes of rat duodenum a candidate for 
a calcium pumping mechanism, in analogy to red cell membrane 
and sarcoplasmic reticulum calcium pumps"? 
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In young rats, calcium is actively absorbed in the duodenum 
and the distribution of Ca’*-ATPase activity among the brush 
border and the basolateral membranes may provide a 
mechanism for calcium transport*. As BBM and BLM are not 
purified to the same extent, a direct comparison of specific 
activities is not informative. Therefore, in Table 1 specific 
Ca**-ATPase activities in BBM and BLM are given after cor- 
rection for their purification factors. The table shows that below 
5M there is excess Ca°*-ATPase activity in basolateral 
membranes. As vitamin D alters the permeability of the brush 
border membrane to calcium’*'*, an increase in Ca**-influx 
may result in excess Ca’* extrusion across the basolateral 
membrane due to the excess Ca’*-ATPase activity. In order to 
test this hypothesis, studies have to be done in which Ca** fluxes 
across BBM and BLM vesicles can be correlated with the 
amount of ATP hydrolysed by Ca**-ATPase. Unfortunately, 
resealed BBM vesicles are orientated right-side out with their 
calcium and ATP binding sides on the inside'’. The currently 
available techniques for BLM isolation yield vesicles too leaky 
to permit ion transport studies’ 

We thank Dr G. Borst-Pauwels for providing a computer 
program and M. D. de Jong for technical assistance. 
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Vanadate blocks cyclic AMP-induced 
stimulation of sodium and water 
transport in amphibian epithelia 


INTEREST in the biological effects of vanadium has grown 
particularly since Cantley et al.’ identified vanadate as a potent 
inhibitor of (Na*+K*)ATPase and Balfour et al.” reported its 
striking natriuretic and diuretic properties in the rat. Such 
findings prompted us to investigate the effects of vanadate on 
amphibian epithelia, a model widely used for studying, in vitro, 
the membrane transport of sodium and water**, We found a 
ouabain-like action of metavanadate on active sodium trans- 
port. In addition, we report here a new biological effect of this 
compound on living cells: the inhibition of cyclic AMP-induced 
stimulation of transepithelial water flow. 

The inhibition of sodium transport was mainly studied in frog 
skin, but similar results were obtained in toad bladder. Short 
circuit current (SCC) was taken as a measure of net sodium 
flux**. Addition of sodium metavanadate, NaVO}, with V in the 
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Fig. 1 Side-specific action of NaVO, on sodium transport across 
the ventral skin of the frog R. ridibunda. The membranes were: 
mounted in double chambers of the Ussing type and bathed by 
normal Ringer solution on both sides. The two lines indicated by 
solid circles and open circles correspond to the SCC values of two 
adjacent segments of the same skin. Exposure of both segments to 
a §-adrenergic agonist (isoprenaline, IP, 1 M) induced similar 
increments in SCC. Subsequent addition of NaVQ, to the inner 
solution resulted in a progressive, ouabain-like, dose-dependent 
fall in SCC; in contrast; addition of NaVO, to the outer solution 
had no effect. The two skin segments were sensitive to amiloride 
(10°* M), a specific blocker of the sodium entry sites of the outer 
surface of the epithelium; this indicates the sodium nature of the 
SCC in this epithelium. 


+5 oxidised state, to the solution bathing the internal side of the 
epithelium, resulted in a dose-dependent decrease in SCC (data 
not shown). The degree of inhibition and its time course were 
very similar to those observed in the presence of ouabain or 
harmaline®, two well known inhibitors of the sodium pump. A 
similar fall in SCC was seen in skins with higher rates of sodium 
transport due to pre-exposure of the epithelium to natriferic 
agents such as catecholamines (Fig. 1), neurohypophyseal 
hormones, cyclic AMP and theophylline. In addition, pre- 
exposure of the skins to NaVO, (10° M), almost completely 
prevented the stimulation of SCC by any of the above agents 
(Table 1). Finally, vanadate was clearly demonstrated to act at 
only one side of the membrane by the lack of effect of this 
compound when added to the solution bathing the outer surface 
of the skin (Fig. 1). 

An inhibition of the (Na°+K*)ATPase of frog skin by 
NaVO, is the simplest hypothesis to explain the changes in SCC 
described here’. The concentrations of vanadate required to 
reduce SCC were rather high, but the same applies to ouabain 
and harmaline, in this tissue®. Such relative refractoriness of the 
enzyme may be related to the presence of an endogenous, 
ouabain-like inhibitor of the sodium pump, as recently sugges- 
ted’, and/or to an intracellular site of action of vanadate” and 
harmaline®. 

As the inactivation of the sodium pump affects the last step of 
the transepithelial movement of sodium, other biological effects 
of vanadium could remain undisclosed, for example, an inter- 
action between vanadate and the cyclic AMP system of the 
epithelial cell. We previously observed this type of situation 
while studying the effects of harmaline in amphibian skin’. 
Therefore, we looked for effects of NaVO, on another transport 
system, that of water. The osmotic flow (Juo) across the bladder 
or the skin of toads, Bufo marinus, was monitored continuously 
by means of an automatic, volumetric technique®”’'*. Addition 
of NaVO,, up to 10° M, to the internal medium, did not cause 
any marked change in Jmo although a transient but reproduc- 
ible stimulation was often noted during the first 3 min, partic- 
ularly in toad bladder. A conspicuous effect was seen, however, 
when the epithelia were subsequently challenged with a hy- 
drosomotic agent, such as vasopressin, in toad bladder (Tab eit i 
and vasopressin or isoprenaline in toad skin (data not sh wa). , 
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The increase in Jamo induced by these agents was inhibited by 
vanadate in a dose-dependent manner at concentrations of 
1075-107? M. Similar results were obtained with theophylline 
(Table 1). Taken together, these effects of vanadate on Jmo 
could be interpreted as evidence for an inactivation of adenylyl 
cyclase. If this were the case, one would expect no inhibition of 
the hydrosmotic effect of exogenous cyclic AMP by NaVOs (ref. 
3). The experimental results, however, revealed completely the 
opposite (Table 1). Vanadate also inhibited Jmo in epithelia 
previously exposed to a hydrosmotic agent and thus having a 
high rate of water flow before NaVO, addition; interestingly, 
the fall in Jmo did not go beyond basal water flow (Fig. 2). 
Finally, as already seen with SCC, the vanadate effect on Jy,0 
was side-specific; when added to the outer medium, NaVQ; did 
not affect either basal or stimulated J n,o. 

The biological effects of vanadate on both sodium and water 
transport described here are relevant to recent physiological” 
and biochemical'*:'?-* observations made with vanadium. The 
effects on SCC are consistent with the natriuretic properties’ 
and the inhibition of (Na*+K*)ATPase’*’*”"* reported by 
others. The effects on Jimo do not seem to be directly related to 
the sodium pump inhibition. It has been found in this and other 
laboratories that ouabain has no appreciable effect on Jy.0 in 
toad bladder, despite near-maximal reductions of SCC’*. On the 
other hand, an interaction between vanadate and the cyclic 
AMP system would easily explain the Jy, data shown in Fig. 2 





Table 1 Block by vanadate of stimulated SCC and water flow in 
amphibian epithelia 





a, SCC (frog skin) (pA cem~?) 


Control NaVO,;(1 mM) 
Basal Peak Basal Peak 
Oxytocin (10) 17.5 39.0* 6.1 9.1* 
50 mU mi +3.2 +4,3 +0.9 +1.0 
Isoprenaline (10) 15.6 46.6* 6.7 9.04 
1 uM +2.4 +4.2 +0.8 +1.0 
Theophylline (9) 19.1 66.8* 5.8 12.77 
10 mM +3.6 +6.9 +0.8 + 1.7 
Cyclic AMP (8) 12.7 20.1* 6.3 7.44 
5 mM +1.9 +2.0 +1,2 +1.1 
b, Jao (toad bladder) (p1 h7* cm~?) 
Control NaVO; (1 mM) 
Before After Before After 
Vasopressin (9) 1.6 114.0* 5.3 15.6* 
50 mU mi +0.6 +14.8 +1.3 2.7 
Theophylline (6) 1.8 71.2* 3.6 5.4 
10 mM +0.4 +73 +1,3 +1.7 
(NS) 
Cyclic AMP (6) 7.3 48.5* 4.5 5.6 
5mM #1.3 +5,9 1.8 $2.5 
(NS) 





a, Abdominal skins of frogs Rana ridibunda were challenged with 
different natriferic agents. In each experiment two segments of the same 
skin were used, one of which had been pre-exposed to NaVO;, added to 
the internal solution. Values in the first and third columns correspond to 
SCC recordings before addition of the agent indicated on the left; values 
on second and fourth columns correspond to peak responses obtained 
after exposure to the same agent. b, A similar protocol was applied to 
quarter-bladders of toads Bufo marinus to determine the effect of 
vanadate on cyclic AMP-dependent stimulation of water flow (Jino ). 
Values represent cumulative Jy,0 (for 60-min periods), before and 
after addition of the hydrosmotic agent indicated on the left. The first 
two columns show results using the control quarter-bladders, the last 
two, paired quarter-bladders exposed to vanadate. Similar results were 
obtained in toad skin. Only the skins were challenged with isoprenaline, 
as the urinary bladder lacks B- adrenergic receptors. All values are mean 
+s.e.m. The number of paired studies is indicated in parentheses. 
Statistical analysis was done by using the paired t-test. Significance of P 
values is indicated by NS (non-significant), *<0.001,7<0.01 and $< 
0.05. On exposure to NaVOs, fractional increases in SCC and cumula- 
tive Jio values were significantly different with respect to control 
values for all the natriferic and hydrosmotic agents tested. 
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Fig. 2 Two examples of the effect of NaVO, on cyclic AMP- 
induced stimulation of water transport (Jno ) across the ventral 
skin of toads B. marinus. The hydrosmotic actions of both vaso- 
pressin, VP (upper half), and isoprenaline, IP (lower half), were 
almost completely blocked by NaVO, added to the inner solution. 
The automatic technique used to record Juo has been described 
elsewhere’. The solutions bathing the epithelium were : normal 
Ringer {inner surface) and Ringer diluted 10-fold (outer surface). 
Although vanadate inhibited both basal and stimulated SCC, this 
agent seems to block only the cyclic AMP-induced stimulation of 
J 20 but not basal Jo. 


and Table 1. Without obviously excluding an effect of vanadate 
on adenylyl cyclase, a site of action beyond cyclic AMP 
generation must be postulated to account for the inhibition of 
the effect of exogenous cyclic AMP. Two lines of evidence 
suggest that an ATPase linked to mechanochemical proteins 
might be such a target: (1) the involvement of microtubules and 
microfilaments in epithelial water transport'’'? and (2) the 
inhibition of dynein~ATPase by vanadate?” ™?. Further work is 
needed to elucidate this mechanism, which possibly contributes 
to the huge diuresis observed in the rat. Overall, our results 
indicate that the amphibian epithelium is a useful model for 
distinguishing between the many biological actions of vanadium. 

This work was supported by Swiss NSF grant no. 3.043-076. 
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Neuronal localisation of 
immunoreactive enkephalin 
and §-endorphin in the earthworm 


SINCE the report by Simantov er al.' invertebrates have been 
thought to lack endogenous opiates and opiate receptors. As we 
have previously observed peptidergic neurones containing 
immunoreactive pancreatic polypeptide or vasoactive intestinal 
peptide in the earthworm’, we decided to search for, and report 
here our finding of, nerves storing immunoreactive enkephalin 
or -endorphin in this species. 

Various segments of earthworms (Lumbricus terrestris) were 
cut and frozen in a propane-propylene mixture cooled to the 
temperature of liquid nitrogen. After freeze-drying the speci- 
mens were fixed in formaldehyde vapour at 80 °C and embedded 
in paraffin in vacuo. Sections, 5 um thick, were deparaffinised 
and used for the immunohistochemical demonstration of 
enkephalin or $-endorphin, using either the indirect 
immunofluorescence technique? or the PAP technique of 
Sternberger*. The enkephalin antiserum used was raised against 
synthetic Leu-enkephalin coupled to bovine serum albumin. 
The characteristics of this antiserum are described elsewhere”. 
The B-endorphin antiserum (Milab) was raised as follows. 
Synthetic human 8-endorphin (8-lipotropin (61-91); Peninsula) 
was emulsified in Freund's complete adjuvant. It was injected 
intracutaneously at multiple sites in rabbits, at a dose of 100 ug 
of B-endorphin per rabbit. Two booster injections of 20 ug were 
given at 3-monthly intervals. The third booster injection of 
100 ug B-endorphin was given a further 3 months later, and sera 





Fig. 1 Cerebral ganglion of the earthworm. Circumpharyngeal 

connective to the right. a, Many Leu-enkephalin-immunoreactive 

nerves and cell bodies (PAP staining). Note the peripheral localis- 

ation of the cell bodies and the central localisation of the nerves. 

x300. b, B-Endorphin-immunoreactive nerves and cell bodies. 
x400. 
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Fig.2 Cross-section of the cerebral ganglion of the earthworm to 

show the distribution and relative frequency of enkephalin- and 

8-endorphin-immunoreactive nerves and cell bodies. Some of the 

nerves seem to reach the circumpharyngeal connectives. Tran- 
sected nerves are indicated by dots. 


were collected 2 months after this. The specificity of the 
-endorphin antiserum (diluted 1:10,000) was tested in a 
radioimmunoassay system. It did not cross-react (<0.1%) with 
a-MSH (ACTH (1-13)), 8B-MSH (8-lipotropin (41-58)), Met- 
enkephalin (8-lipotropin (61-65)), a-endorphin (8-lipotropin 
(61-76)), y-endorphin (8-lipotropin (61-77)), B-lipotropin (60- 
65), B-lipotropin (39-45), ACTH (1-24), ACTH (34-39) or 
ACTH (4-11). 

The enkephalin antiserum was used in a dilution of 1:40 
(immunofluorescence) or 1:400 (PAP staining), and the 
8-endorphin antiserum in a dilution of 1:20 or 1:200, respec- 
tively. Controls included application of antiserum inactivated by 
addition of excess Leu-enkephalin or B-endorphin (Peninsula) 
(10 ug per ml diluted antiserum). Many neuronal cell bodies of 
different sizes and nerve fibres displaying intense enkephalin 
immunoreactivity were found in the cerebral ganglion. Charac- 
teristically, the cell bodies were located in the periphery whereas 
the nerve fibres occurred in the central part (Figs la, 2). 
Immunoreactive nerves were numerous within the cerebral 
ganglion and extended into the circumpharyngeal connectives. 
Immunoreactive nerve cell bodies and a few nerves were 
occasionally found in the subpharyngeal ganglion and in the 
abdominal ganglia. Cell bodies displaying B-endorphin 
immunoreactivity had a distribution similar to that of the enke- 
phalin immunoreactive ones. Generally, the B-endorphin cells 
seemed to be larger in size and much fewer in number (Figs 1b, 
2). They were clearly distinct from the cell bodies containing 
immunoreactive enkephalin. ,B-Endorphin-immunoreactive 
nerves were scattered in the central part of the cerebral ganglion 
but were absent from the circumpharyngeal connectives. In the 
subpharyngeal ganglion and the abdominal ganglia immuno- 
reactive cell bodies and nerves were rare. 

The results obtained indicate that enkephalin and B-endor- 
phin, or closely related peptides, exist in the neurones of the 
earthworm. Hence, this suggests that opiate receptors may also 
be found in this species. In view of the present findings the belief 
that endogenous opiates and opiate receptors do not exist in 
invertebrates may have to be reconsidered. 

While this manuscript was being prepared Rémy and Dubois’ 
described a few a-endorphin-immunoreactive cell bodies in the 
subpharyngeal ganglion of the earthworm. They did not find 
8-endorphin immunoreactivity. 

This work was supported by the Swedish Research Council 
(04X-4499), The enkephalin antiserum was from Dr K.-J. 
Chang, Wellcome. 
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Thermal activation of the visual 
transduction mechanism in retinal rods 


INVERTEBRATE P show electrical changes which 
apparently result from isomerisation of single rhodopsin mole- 
cules by light or thermal energy’. Observation of correspond- 
ing phenomena in vertebrates has been prevented by inter- 
cellular electrical coupling, which averages membrane potential 
over many photoreceptors**. Recently, however, recordings of 
membrane current from individual rod outer segments have 
revealed responses to single photons’*. Here we report that 
similar electrical events occasionally occur in darkness, perhaps 
- because of thermal isomerisation of rhodopsin. 

Membrane current was recorded from single rod outer seg- 


ments in, toad (Bufo marinus) retina using a method described. 


previously’. Pieces of thoroughly dark- adapted retina were 
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Fig.1 a, Sample records of rod outer segment current in darkness 
(two upper traces, sequential records) and bright light (bottom 
trace). Arrows below traces indicate times at which current 
exceeded a criterion level 0.5 pA above the baseline; these times 
are taken as occurrences of discrete events, discussed in the text. 
Using this method a total of 82 events were counted over a period 
of 2,631 s. In light the photocurrent reached a saturating amplitude 
of.19 pA and no events were evident in the observation period of 
1,106 s. Records were low-pass filtered at 5 Hz with a 6-pole filter. 
Temperature 22°C. b, Cumulative distribution of intervals — 
between successive events in the same cell shown in a. Circles arè ` 
experimental points; curve drawn according to equation ( l)i in text 
with r= 32s, N = 81. 
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Fig.2 Comparison of power spectral densities of dark events and _ 
-single photon response in a rod. O, Difference power spectrum of 
dark events obtained as spectrum of all dark sweeps minus spec- 
trum of dark sweeps not containing events. Experimental spectra 
based on 43 sweeps, each 40.96 s long, digitised at 20-ms intervals 
after low-pass filtering at 15 Hz. Continuous spectrum calculated 
‘from: the Fourier transform of equation (2). in the text, with. 
a =1.335 °. Vertical scaling of theoretical spectrum, chosen to 
give best fit to points, corresponds.to a mean rate of 0.02257! 
assuming dark events had the same amplitude (1 pA) as this cell’s 
single photon response. Event frequency determined by counting 
was 0.023s ©. Temperature 21.6°C, Inset, jagged curve is the 
average of 80 responses of the same cell to dim flashes delivering an 
average of 0.8 effectively absorbed photons per flash. Flash timin ing 
shown by arrow. Smooth curve is equation (2), with a = 1.33 s 


placed in a chamber containing oxygenated Ringer and viewed 
in a compound inverted microscope. Retinal isolation and 
subsequent procedures were carried out under infrared illu- 
mination with an IR/visible image converter. Under visual 
control the outer segment of a rod in one of the pieces of retina 
was drawn by gentle suction into the tip of a glass micropipette. 
A low-noise amplifier connected to the inside of the pipette gave 
an output voltage proportional to membrane current. This 
current signal, the output of a light stimulus monitor, and 
synchronising pulses were led to an FM tape recorder for later 
analysis in a PDP 11/34 computer. For ‘dark’ recordings the 
preparation was enclosed in a black box which attenuated the 


= very dim light (low scotopic level for humans) in the experimen- 


tal room by a factor of 10°. Heated or cooled water could be 
circulated through a jacket surrounding the central Ringer pool 
in the experimental chamber; temperatures were measured with 
a calibrated thermistor about 0.5 mm from the tip of the record- 
ing electrode. 

Figure 1a shows records. of outer Pecpnient current in darkness 
(upper traces) and bright light (bottom trace). The noise in light 
was of instrumental origin, and the dominant component had a 
magnitude predicted by the measured value of the leakage 
resistance between electrode wall and outer segment 
membrane. The excess fluctuation in the dark records consisted 
of two: components: (1) occasional discrete events (indicated by 
arrows below dark traces) of about 1 pA amplitude, and (2) a 
continuous small-amplitude fluctuation, not discussed further 
here. The discrete events resembled the average response to a 
single photon and in this cell were estimated to occur at a mean 
rate of 0.031 s™*. In the experimental conditions, however, the 
expected: rate of photoisomerisations from stray light was at 
least two orders of magnitude below the observed event rate. 
This suggests that the events were not triggered by photons 
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but reflected spontaneous activation of the transduction 
mechanism. 


If random independent excitations occurred in the rhodopsin l 


molecules or intracellular disks of the outer segment the inter- 
vals between events should be exponentially distributed. Figure 
1b compares an experimental interval histogram with this pre- 
diction. The continuous curve was drawn according to . 


n= N(1—exp (—7/r)) (1) 


where n is the number of intervals less than or equal to T, 7 is 
the average interval, and N is the total number of intervals 
observed, The satisfactory agreement between experimental 
results and equation (1) supports the interpretation that the 
occurrence of events is a Poisson process describable by the 
single parameter, 7, the average interval between events. Similar 
agreement between experimental results and theoretical curves 
was observed in seven other experiments, with a range of values 
for r of 76-17 s at temperatures of 15-26 °C. 

The amplitude of the dark events was similar to the amplitude 
of the same cell’s single photon response. To compare the 
kinetics of dark events and single photon responses we 
examined their power spectra; previous work® has shown that 
the current noise evoked by dim steady light has the spectrum of 
the average single photon response. The spectrum of the dark 
events was obtained as the spectrum of all dark sweeps minus the 
spectrum of dark sweeps not containing events. The average 
single photon response in each experiment was fitted by the 
relation” (Fig. 2 inset) 


r(t) = klat) e™ (2) 


where r is the photocurrent as a function of time ¢ after photon 
absorption, k is a scaling constant and a is a rate constant 
characteristic of the cell. This equation would apply if pho- 
tolsomerisations cause electrical action by a process involving a 
series of four first-order delays'*"'. The points in Fig. 2 are the 
spectrum of the dark events, and the curve is the calculated 
spectrum of the same cell’s single photon response. Similarly 
close agreement between observed and calculated spectra was 
seen in experiments on eight other cells. The ability of the 
equation for the flash response to’predict the spectrum of the 
dark events suggests that they are triggered by fluctuations.at the 
input of the cascade. A simple explanation would be that the 
dark events result from a thermal configuration change in 
rhodopsin itself. 

Figure 3 shows the temperature dependence of the rate of 
occurrence of dark events. The slope of the Arrhenius plot gives 
an activation energy E, of 20.9 kcal mol™ for the thermal 
excitation process. In similar experiments on five cells the value 
of E, was 23.2+3.2kcalmol”' (mean+s.d.), The mean 
frequency of events in these experiments was 0.021 s~ at 20°C. 
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Fig.3 Arrhenius plot of frequency of occurrence of dark events in 
a rod (log scale) against reciprocal absolute temperature. Detection 
of events in the continuous background noise was facilitated by 
digitally processing the current records with a ‘matched filter’ (ref. 
15). In this procedure equation (2) was fitted to the rod’s single 
photon response and then cross-correlated with the dark record- 
ings. Vertical bars are based on the square root of the number of 
events counted. Slope of linear regression line corresponds to 
activation energy E, of 20.9 kcal mol}, 
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Assuming that the rod outer segment contains 2 x 10° rhodopsin 
molecules and that thermal fluctuations in rhodopsin cause the 
dark events, the estimated rate constant for thermal excitation 
of rhodopsin is 10°" s"’. This corresponds to a molecular half 
life of the order of 1,000 yr. Additional parameters for the 
thermal excitation of rhodopsin at 20°C were calculated as: 
Gibbs free energy of activation AG} = 31.9+0.13 kcal mol™', 
entropy of activation AS} = —31.7+11.2 e.u. 

Ashmore and Falk’*, by analysis of membrane noise in 
neurones postsynaptic to dogfish rods, estimated values of rate 
constant and AG} similar to our own but found E, to be 
36 kcal mol™* and ASt to be +13 e.u. The differences may 
reflect different experimental methods. Chemical studies show 
that thermal isomerisation of 11-cis retinal in aqueous digitonin 
solution’ is associated with a small negative activation entropy 
of -12.5¢.u. and E, of 24.5 kcal mol`’, whereas for thermal 
denaturation of cattle rhodopsin in rod fragments Hubbard" 
found AS} = +214 e.u. and E, = 100 kcal mol”'. Furthermore, 
extrapolation to 20 °C gives a rate constant for denaturation in 
rod fragments three orders of magnitude below the excitation 
rate constant derived here. Isomerisation is thus the more likely 
trigger of dark events. In a variety of solvents, however, derived 
rate constants for thermal isomerisation of 11-cis retinal alone 
are two to three orders of magnitude larger than the spon- 
taneous excitation rate constant. This implies that linkage with 
opsin stabilises the 11-cis configuration of the chromophore. 
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Photoinduced electron transport 
across phospholipid wall 
of liposome using methylene blue 


PHOTOSENSITISED electron transport across membranes is a 
useful model reaction for photosynthesis. We have previously 
reported’ the photoredox reaction in/on liposomes. Other 
similar studies have used chlorophyll as a sensitiser?”’, but this 
compound is easily broken and difficult to purify. The surfactant 
analogues of metal complexes (particularly tris-(2,2'-bipyridine) 
Ru’*)** are also widely used, but with such photosensitisers 
which possess long alkyl chains, electron transport does not 
occur in the absence of electron carriers such as quinones or 
carotenes. We report here the occurrence of photosensitised 
electron transport across the single phospholipid wall of the 
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Absorbance. 





Wavelength (nm) 


Fig. i a, Progressive spectral changes with time of irradiation; 

[MB]= 0.01 mM; [ASc]=0.008 M. Numbers on each curve 

indicate the irradiation time (min)., UV spectra of each 

component in Tris buffer; (1) [MB]=0.01 mM; (2) [ASc]= 

0.008 M; (3) dispersed lecithin; (4) [potassium ferricyanide] = = 
4 mM; (5) 1+24+3+4. 


liposome using methylene blue as both a sensitiser and an 
electron carrier. This is the first report of photosensitised elec- 
tron transport across a membrane using a dye not only as a 
photosensitiser but also as an electron carrier. 

The reaction was carried out in the single lamella liposome 
system. The liposome systëm, containing water-soluble electron 
acceptor (K;Fe(CN),) only in the inner aqueous phase of the 
vesicle and water-soluble electron donor (ascorbic acid) only in 
the outer aqueous phase, was prepared in the following way. 
Lecithin (isolated from egg-yolk’) „was dispersed in 
1MK;3Fe(CN), solution buffered with 1M Tris-Cl and 
0.1 M KCI, pH 7.5. The dispersion was then ultrasonicated 
under N, gas and the undispersed phospholipids were removed 
by gel filtration over a column of Sephadex G-50 equilibrated 
with the buffer solution. Then a given amount of methylene blue 


l [Ferricyanide] (mM) : 





oo 3 0 ~~*15 
l - Irradiation time (min) | 


Fig. 2 Change i in ferricyanide concentration. with time. of irradia- 
tion. O, [MB]=0. 008mM, [ASH]=8mM; [ASH] > [ferri- 
cyanide]. @, [MB]= Q, 008 mM, [ASH] = -0.0 08 mM; [ASH]< 

[ferricyanide]. Arrow ‘indicates the time at which the light was 

© 0 etofi. 
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was added. After being degassed by passing N, gas, the dis- 
persion was added to a solution of ascorbic acid at a final 
concentration of 8 mM. As soon as the solution was mixed, it 
was sealed in a Pyrex tube with a UV cell on the side arm (or 
sealed in a UV cell as a control). The photoreaction was carried: 
out immediately by irradiating the solution with a super-high- 
pressure mercury lamp. Light of wavelengths shorter than 
460 nm was completely removed by the use of a UV-46 filter. 

In these conditions methylene blue was only very slightly 
reduced by ascorbic acid without light. However, when the light 
was itradiated, the absorbance at 420 nm decreased rapidly (Fig. 
1a). Neither ascorbic acid nor methylene blue absorbs the light 
at 420 nm (Fig. 15), and the absorption of lecithin was constant 
even with irradiation. Therefore, the decrease in the potassium 
ferricyanide concentration could be measured by measuring the 
decrease in the absorbance at 420 nm. 





Table 1 Relative reaction rates in different conditions 





Relative reaction rates 


Irradiated Non-irradiated ` 
(A) Complete system . | 1 0.05 
(B) A —ascorbic acid = 00l 0 
(C) A ~ methylene blue l ea 0 





Complete system: methylene blue, 0.01 mM; ascorbic acid, 0.01 M. 


Figure 2 shows the decrease in the ferricyanide concentration 
with time of irradiation. When the ascorbic acid concentration is 
higher than that of potassium ferricyanide, the reaction pro- 
ceeds until all the ferricyanide is completely reduced. If the light 
is cut off, the reaction stops. When the ascorbic acid concen- 
tration is lower than that of potassium ferricyanide, the reaction 
stops after all ascorbic acid» has been oxidised. These results 
confirm that ferricyanide is reduced. 

As shown in Table 1, the reduction of K,Fe(CN), did not 
occur in the absence of methylene blue or in the absence of 
ascorbic acid, even when the system was irradiated. The reaction 
was almost indetectable without light. This shows that either 
direct réduction of K,Fe(CN), by ascorbic acid or the penetra- 
tion of ascorbic acid did not occur. However, ascorbic acid 
cannot exist in the reduced form in the inner aqueous phase, and 
furthermore, the reduction rate increased with increase in the 
concentration of methylene blue. 


Fig. 3 Schematic dia- 
gram of the net reaction. 
Abbreviations: MB, 
methylene blue; MBH, 
methylene blue in the 


l Phospholipid wall 





reduced form; AS, 
ascorbic acid; ASH, 
dehydro ascorbic acid. 


From these results, the reaction can be summarised as pro- 
ceeding through the following steps (see also Fig. 3). 


MB, + hv > MBE (1) 

MB* + ASH > MBH, + ASo (2) 
MBH, + MB; > MB, + MBH; (3) 
MBH, + Fe(CN)” + MB, + Fe(CN)" (4) 


where MB, and MBH, are methylene blue and reduced 
methylene blue in the outer aqueous phase, MB; is methylene 
blue in the inner aqueous phase, AS and ASH are ascorbic acid 
and dehydro ascorbic acid, and * indicates an excited state. 

We do not understand exactly how step. (3) occurs, but it is 
clear. that the electron is transported from ascorbic acid in the 
outer aqueous phase to K,Fe(CN), in the inner aqueous phase, 
and that this electron transport is induced by the photo-irradia- 
tion. We are. sontoems our | investigation of tie transport 
process. 
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Sequence divergence of rainbow trout 
protamine mRNAs; comparison of 
coding and non-coding nucleotide 
sequences in three 

protamine cDNA plasmids 


SPERMATOGENESIS in the rainbow trout (Salmo gairdnerii) is 
associated with the onset of synthesis of the protamines™?, a 
family of small, highly basic proteins consisting of 32 or 33 
residues, of which approximately two-thirds are arginine’. By 
displacing the histones, the protamines have a unique role in 
packaging sperm DNA. The biosynthesis of the protamines has 
been studied in some detail, and polyadenylated protamine 
mRNA of about 290 nucleotides has been isolated from trout 
testis** and shown by Rot analysis to be made up of three to four 
components”. More recent work suggests that there are about 
six different protamine genes per haploid genome’. In contrast 
to the interspecific conservation of histone sequences, the 
observed rate of protamine sequence divergence between the 
closely related clupeid fishes such as trout, salmon and herring, is 
very high, and there is evidence that protamine genes have 
arisen following a doubling of the ancestral fish genome. 
Comparison of the cloned complementary DNA sequences and 
ultimately of the genes themselves will help to elucidate the 
molecular events involved in the evolution of these proteins. To 
study the chromosomal organisation of these genes and the 
control of their expression during spermatogenesis, I have con- 
structed cDNA clones using purified poly(A)” mRNA as start- 
ing material. Here, the sequences of three of these recombinants 
are compared, revealing an unexpected pattern of divergence in 
the coding and non-coding regions, as well as a mutational 
‘hot-spot’ corresponding to the major phosphorylation site of 
the protamines. 

The sequences of the cloned cDNA fragments were deter- 
mined by the methods of Maxam and Gilbert. Figure 1 is a 
representative sequence ladder and Fig. 2 shows the extent of 
the cloned sequences aligned with reference to the functional 
chain terminator codon TAG. pTP4 contains a complete coding 
sequence, as well as 5'- and 3'-non-coding regions, and pTP8 
and pTP11 have incomplete coding sequences; the fact that they 
both start at the same point may reflect some secondary struc- 
ture of the parent mRNA. Both pTP4 and pTP8 contain the 
hexanucleotide corresponding to A,UA, which seems to be a 
general feature of eukaryotic poly(A)” mRNAs’; the presence 
of this hexanucleotide in protamine mRNA has been reported 
previously” 

The coding regions of the three clones were located by 
reference to the published amino acid sequences for rainbow 
trout protamines’ (Fig. 3a, b). When these coding sequences are 
compared (Fig. 4) there is a striking homology between pTP8 
and pTP11, with only one substitution in 80 nucleotides. The 
coding region of pTP4 is markedly different from that of 
the other two, and there is only a 78% homology when the 


0028-08 36/79 / 260809—0 3501 00 







O & 


\ 
\ Ww PEDT.: 


n 








ł 
jt 


> 





$ 








| N | 


A 





Fig. 1 Poly(A)" mRNA was purified from pooled ninbow trout 
testes, double-stranded cDNA synthesised and inseted into the 
Pst1 site of plasmid pBR322 using dG - dC homopoymer tailing, 
and transfected into the disabled host strain y1'76 (ref. 5). 
Recombinants containing protamine cDNA seqiences were 
identified by liquid hybridisation to cDNA syntesised from 
purified protamine mRNA*. Three recombinants, pP’4, pTP8 and 
pTP11, were chosen for sequence analysis. All wrk involving 
recombinant DNA was carried out in a Categoryll facility in 
accordance with GMAG recommendations. This frure shows a 
sequence gel of the 3'-non-coding region of pTP8. Tap 1-cleaved 
pTP8 insert DNA was labelled at this cleavage ite using T4 
polymerase, and the unique end-labelled fragments ¢parated on a 
10% acrylamide gel and sequenced by the method ¢ Maxam and 
Gilbert. The gel shown is 12% acrylamide, 7M urea. 


sequences are aligned, taking into account the puative deletion 
in pTP4. In contrast, a comparison of the non-coling regions of 
these cDNA fragments shows a complete revrsal of these 
homology relationships (Fig. 3a). Thus, frm the chain 
termination signal to the 3'-end of the segment c pTP11 which 
has been cloned, pTP8 and pTP11 differ byover 20% in 
nucleotide sequence; over this same region pTP4and pTP 11 are 
identical. This is unexpected because at least whre it has been 
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functional hair, termination apa oon TAG (Fig. 3). Non- 

coding regiens are shown as stippled and the polarity corresponds 

to that of th: mRNA sequences. The cDNA fragments are flanked 
by dG - dC homopolymer linkers. 


examined between species in globin mRNAs, coding regions 
are conserved whereas non-coding regions diverge more 
rapidly''**. {n the case of the intraspecific protamine clones 
both this pattern of divergence and its opposite occur. 

Ohno and Atkin’ have suggested a tetraploid origin of 
salmonid fishes, and evidence of extensive gene duplication is 
provided by studies of salmonid enzymes such as malate dehy- 
drogenase'* and glucose-6-phosphate dehydrogenase“. If the 
protamines tave evolved from a gene duplication then since this 
event there has been strong selective pressure favouring 
conservationof the non-coding sequences in the genes cloned in 
pTP4 and pTP11, and the coding regions have been free to drift. 
Alternativels, the mRNAs may be the result of splicing events 
linking dissinilar coding regions to a common 3'-non-coding 
sequence. Bah explanations could implicate the 3'-non-coding 
region in the soordinate control of protamine genes which may 
be expressedat different times during spermatogenesis”. 


pTP4 
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Within the 3'-non-coding regions of pTP4 and pTP8 the 
longest run of conserved sequence is one of 22 bases including 
the hexanucleotide AATAAA. Substantial homology has been 
found in this region between rabbit, human and mouse -globin 
nucleotide sequences'*'*, suggesting that these flanking 
sequences, as well as the AATAAA, may be involved in some 


-common control function. 


None of the predicted amino acid sequences PALET 
exactly to any of those published’ (Fig. 3a, b). One explanation 
for this is that the cloned sequences correspond to minor vari- 
ants within the protamine population, as the mRNA was iso- 
lated from pooled testes. However, a more likely explanation is 
that some error occurred in the amino acid sequencing. The 
pattern of amino acid substitutions found in the predicted 
sequences suggests there. is a mutational hot spot in residues 
6-11 of the N-terminal region (where the N-terminal 
methionine residue of pTP4=residue 1), as five out of six 
residues have changed in this region by base transition and 
sequence rearrangement. This hot spot is present to a lesser 
extent in the clupeines*’*' but is not seen in the sequences 
reported by Ando and Watanabe’. It may be significant that this 
region contains three of the four serine residues phosphorylated 
by cyclic AMP-dependent protein kinase during histone dis- 
placement and nucleoprotamine assembly**?? 

The high frequency of arginine and serine in the protamines 
makes their mRNAs interesting for the study of codon usage. 
Davies et al.” reported that there is no preferential use of any 
arginine codon in protamine mRNA and that the dinucleotide 
CpG is under-represented, as in vertebrate DNA’ and 
mRNA”*, despite the fact that it is present in four of the six 
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CGT TGO ACAGGCCQOGGTAACCTACCTGAACTAACCGCCCOCTACCGGCCGGTTCTCCOCTCOA 
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GAC TCIACCACTGGOTAGTGCAGAGS TOT TAAAAGTCTGCTTAAATAAAAGATG(C 


pTP8 


l v 
GJA TCC TC) AGA CGA CCT GTC CGC AGG CGC CGC CGC CCC AGG GTG TCC CGA COT 


= Fig. 3 Complete nucleotide se- 
quences of the three protamine 
cDNA fragments carried in pTP4, 
pTP8 and pTP11, showing the 
encoded amino acid sequences. 
The cDNA fragments are flanked 
by dG dC homopolymer linkers 
which are represented here by 


mek Sai ADE Arg es val Arg Arg Arg Arg Arg Pro Arg Val Ser Arg Arg GC. CTS marks the 
| ñ functional chain termination 

COT CG! AGG AGA GGA GGC CGC AGG AGG COT TAG ATAGAATGGGTAGAACCTACCT ; ; x : : 
hee: AG Gly Gly Ara Arg Arp Arg. CTS signal, Amino acid differences 
s ğü between the cDNA encoded 


ATCC cE cCeTCOGGOTTCTCOCTOCCGAG COCTGGTGGTGCAGAGATGTTAAA GTCTGCTT 


' 


AAATAMAGATGGGCTTTTA(C 
| pTPil 


GjA TEC 


Se eer Arg Pro Val 
ie 6 oe RP GE Fe 


CGT CQ AGG AGA GGA GGC CGC AGG AGG CGT TAG ACAGGGCGGGTAACCTACCTGA 


Arg Arg Arg Arg CTS 


Arg Ar, Gly Gly 
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ACTAACGC ` 


Ta. AGG CGA CCT GTC CGC AGG Cac CGC CGC CCC AGG GTG TCC CGA CGT 
Arg Ary Arg Arg Arg Pro BEES Val Ser Arg Arg 


sequences are indicated by @. 
Residues in pTP8 and pTP11 cor- 
. responding to the deletion in pTP4 
are boxed. b, Rainbow trout pro- 
. tamine sequences as determined by 
Ando and Watanabe’. W Indicates 
the positions at which there is a 
common difference between the 
cDNA encoded and the published 
sequences. - 


A s N i ; v 
la Pro Arg, Ser Ser Ser Arg Pro Val Arg, Pro Arg, Val Ser Arg, Gly Gly Ar 


F v moi 
ib Pro Arg. Ser Ser Ser Arg Pro lle Arg, Pro Arg. Val Ser Arg. Giy Gly Ar 
Be a | 2 85. Bj 


a Pro Arg, Ser Ser Ser Arg Pro Val Arg, Ala Arg, Val Ser Arg, Gly Gly Arg, 
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pT P4 ASA CCAG E CGT P eueasepaes eae CGCG -G 
pTP8 efccacs CCTGTCCGCAGGCGCCGCCGCCOCAGGGTGTCCCGACGTCGTCGC 
pTPil TCCTCCA CoaccrorecccaccccccacecccccaccoTaTceccacGTcoTege 
pTP4 AGGOGAGGCOGCCGCAGGAGGCGTTAG/ aj GgggoccTA ACCTACCTGAACT 
pTP8 AGGAGAGGAGGCCGCAGGAGGCGTTAG/ GGGTAGAACCTACCTGACCT 
pTPll AGGGGAGGCCGCCGCAGGAGGCGTTAG/ ACAGGCCGGGTA ACCTACCTGAACT 
pTP4. Aeee Epe ORERE EEE E "cance CTGGTGGTGÇAGAG i 
pTPs CCGCCCCCT GGTYCTCCCTCC CGACCECTGGTAGTGTAGAG 
pTP1! aacca(c* | 

pTP4 GT TAAAAGTGTGCTTAAA TAAAAGATOLC 

pTP8 GTTA AAGTCTGCTTAAATAAAAGATGGGCTTTTA(C” 


possible arginine codons. The sequence data present a 
completely different picture. The arginine codons CGC and 
AGG are significantly over-represented, as is the serine codon 
TCC. CpG frequency in the coding regions of all three clones is 
that statistically expected from their G+C content and the 
dinucleotide appears exclusively in the arginine codon series 
CGX, which accounts for well over half the arginine codons in 
these sequences. However, in the 3’-non-coding regions, CpG 
frequency is depressed by about 50% compared to that expec- 
ted. Methylation of DNA in eukaryotes seems to occur pre- 
dominantly as 5-methyl CpG’, and it has been suggested’* that 
this may be the reason the dinucleotide is under-represented, for 
in bacteria at least, 5-methyl C residues are mutational hot spots 
probably due to their spontaneous deamination to thymine”* 
The base transitions in these protamine cDNA fragments, 
however, fail to implicate CpG in sequence diversion, as there is 
only one instance of a C to T transition with G as its 3’- 
neighbour. C to T transitions in the first base of the arginine 
coding series CGX would generate the codons for cysteine and 
tryptophan or the chain terminator TGA. The presence of Cys 
and Trp in protamines could interfere with their function, thus 
selecting against C-T transitions in the DNA coding regions and 
it is significant that these amino acids are absent from both trout 
and the closely related herring protamines (clupeines)”””’. 
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Fig. 4 Composition of the shared 
nucleotide sequences of the protamine 
cDNA fragments carried in pTP4, pTP8 
and pTPil. Coding sequences are 
separated from non-coding by /. Base 
transitions are represented by @. Gaps 
` > in the sequence correspond to putative 
deletions required to give maximum 
alignment of sequences. Note that 29 
nucleotides have been omitted from the 
5'-end of pTP4. 


Infectivity i in mouse fibroblasts of 
polyoma DNA integrated 

into plasmid pBR322__ 

or lambdoid phage DNA 


THERE has been much speculation on the possible hazards of 
hybrid DNA technology’. An important question in this context 
is whether a viral DNA, covalently linked to a vector, can be 
transferred from within a bacterium into an animal cell, either in 
vitro or in vivo, and initiate viral infection. As a first step, it is 
necessary to determine whether a hybrid containing eukaryotic 
viral DNA can, on penetration into a permisive cell, give rise to 
virus formation, as is the case for hybrids containing a prokary- 
otic viral sequence’. As part of a risk-testing programme spon- 
sored by EMBO, this question was investigated with mouse 
polyoma virus DNA. Polyoma virus will grow readily in mice; 
infection can be initiated by a single infectious particle as well.as 
by naked viral DNA, and can be easily detected by monitoring 
the production of anti-viral antibodies. Virus production, and 
not tumour formation, was chosen as a criterion for biological 
activity because although polyoma virus will transform cells in 
vitro, tumours are produced in vive only when large quantities of 
virus are inoculated into immunologically immature or 
immunosuppressed animals. We describe here the construction 
and characterisation of various plasmid pBR322 and phage A 
derivatives containing polyoma DNA and their infectivity 
towards mouse fibroblast cells, The only recombinant molecules 
so far obtained which were infective as intact molecules were 
plasmids with dimeric polyoma DNA inserts. 

Hybrid plasmid molecules were made with DNA from a 
readily identifiable mutant of polyoma’ (which lacked an Hha 
restriction site) by digestion with restriction enzymes EcoRI or 
BamHI, each of which cleaves at a single site, and ligation to 
appropriately cleaved pBR322. The molar ratios of viral to 
plasmid DNA used were between 2:1 and 1:1. Escherichia coli 
HB101 was transformed with the recombinant DNA, and 
colonies containing polyoma DNA were identified by in situ 
hybridisation* to “*P-labelled polyoma RNA. Of 28 hybrid 
plasmids made by joining the constituent DNAs by their BamHI 
sites, two had electrophoretic mobilities in agarose gels (0.5 and 
0.52 relative to polyoma form I DNA) indicative of the presence. 
of polyoma dimers. The remainder had higher relative mobili- 
ties (0.68—0.7) and were shown by analysis of restriction enzyme: 
digests to contain one unit each of pBR322 DNA and polyoma, 
with both possible orientations being represented. The same. 
type of analysis showed that the hybrid with a relative mobility 
of 0.5 comprised one molecule of pBR322 and two of polyoma. 
DNA linked head-to-tail, whereas the hybrid with a relative 
mobility of 0.52 consisted of one molecule of pBR322 linked to: 
a head-to-tail dimer of polyoma DNA with a deletion of about 
800 base pairs. None of 48 hybrids of pBR322 and polyoma 
DNA joined through their EcoRI sites contained more than one 
molecule of polyoma DNA, but two contained two pBR322 
molecules and both orientations of polyoma DNA with respect. 
to pBR322 were found. Figures 1 and 2 show the analyses of 
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pBR322 
4,36 kilobases 


PY-PY- pBR 322 


15 kilobases 


some of these plasmids and their structures. 

Polyoma DNA was also inserted into DNA from several 
bacteriophage A derivatives, some of which could lysogenise 
their host, some which had temperature-sensitive: repressors, 
and some which carried functional genes for phage-mediated 
recombination (red). Linear polyoma DNA, obtained by diges“ 
tion with EcoRI, was ligated to the restricted vector DNA, and 
viable phage DNA molecules were recovered by in vitro 
packaging’. Recombinant phage were distinguished from 
parental ones on the basis of plaque morphology, or their 
inability to permit synthesis of B-galactosidase (as demonstrated 
by their failure to generate blue plaques on an appropriate plate) 
in their infected host®, or by plaque hybridisation with’’P- 
labelled polyoma RNA’. Plaques of recombinants were picked 
and taken through at least two cycles of purification from 
individual plaques before preparation of stocks by lytic 
infection. DNA from purified phage was analysed by digestion 
with restriction enzymes and electrophoresis in agarose gels 
(Fig. 3), and by electron microscopy of heteroduplexes formed 
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Fig. 1 Restriction maps of polyoma DNA, pBR322 
DNA and some polyoma-~pBR322 recombinant - 
DNAs. a, Polyoma DNA (5,307 base pairs; from ref. 
17). The DNA used here lacked the Hhal site (in 
parentheses) at position 26.4 from the EcoRI site. b, 
pBR322 DNA (4,361 base pairs; G. Sutcliffe and W. 
Gilbert, personal communication). c, Monomeric 
polyoma~pBR322 hybrid, joined at the BamHI sites 
so that the reading direction of the ‘early’ genes of 
polyoma and the Tet gene of pBR322 coincide 
(defined as head-to-tail). EcoRI cleavage should yield 
fragments of 7,075 and 2,575 base pairs. d, As c, 
except the reading directions are opposed (defined as 
head-to-head). EcoRI cleavage should yield frag- 
ments of 6,175 and 3,475 base pairs. e, Dimeric 
polyoma-pBR322 hybrid, joined at BamHI sites so 
that all units are head-to-tail, as defined above. 
Cleavage by EcoRI should yield fragments of 7,075, 
5,300 and 2,575 base pairs. The other three possible 
combinations of orientations would yield the follow- 
ing EcoRI fragments: pBR322—Py (head-to-head)-Py 
(tail-to-head), 6,175, 5,300 and 3,475 base pairs, 
pBR322-Py (head-to-tail)-Py (head-to-head), 6,200, 
6,175 and 2,575 base pairs; pBR322~Py (head-to- 
head)-Py {tail-to-tail}), 7,075, 4,400 and 3,475 base 
pairs. B, BamHI, Psi; E, EcoRI; HI, Hind, HIH, 
Hindli; Hh, Hhal. 4, site of deletion in hybrid D.. 


with DNA from their parent vector, or another recombinant. All 
but one of the recombinants analysed contained a unit length 
insert of polyoma DNA and both orientations with respect to 
each vector were represented; the exception, A-Py 48, contained 
less than a unit length of polyoma DNA, the deletion being 
located at one of the junctions between polyoma and vector. 
Some of the recombinants obtained are described in Fig. 4. 
Various approaches failed to yield any stable recombinants 
containing more than one molecule of polyoma DNA, although 
biological screening on the basis of restriction coefficient to 
EcoRI (ref. 8) and ability to plate on pel” (ref. 9) host strains 
indicated that several of the phage initially recovered contained 
dimers of polyoma DNA which were lost on further growth and 
purification. The reasons for this instability are unknown, but 
with the same vectors stable recombinants containing two 
molecules of pBR322 linked head-to-tail were obtained. 
Recombinants were also made in A derivatives with polyoma 
DNA cleaved at sites other than that for EcoRI. Partial digests 
of polyoma DNA with HindIII (for which it has two targets) 
were ligated with restricted DNA from two A vectors®”* (Fig. 4) 





Table 1 Infectivity of polyoma~pBR322 and polyoma~A hybrids 





Specific infectivity 


_ DNA preparation Uncleaved DNA Restricted DNA 
Prep. Units of polyoma PFU per jag full- length PFU per complete linear 
no, DNA per hybrid PFU per pg total DNA PFU per molecule polyoma DNA (x10™*) polyoma molecule (x 10 ye 
a, Polyoma~pBR322 hybrids 
A> 1 <1 <10" 3.2 1.9 
Ds 1 "<1 <10! 2.8. 1.6 
Es 1 <1 <10 26. 1.5 
Ga 1 <1 E 3.7 22 
D3 2 7.5x10* 1.2x10°° 2.3 1.4 
Ds; 1.9 8.7x10° 1.4x1077 22 1.3 
Py = 2.2 10° 1.31075 7.9 4.6 
b, Polyoma—à hybrids 
APy12 1 <1 <107'° 1.6 0.94 
APy35 | 1 <1 <10? 2.6 1.5 
APy37 1 <1 <197'° 1.8 1.1 
APy48 <1 <1 <10? <1074 <6x107° 
APy57 1 <1 <10 | 2.3 1.4 
APyPy me 9x 10° 5.2x10°° 64 38 





The DNA was cleaved to completion with BamHI endonuclease (a) or EcoRI (b) and the enzyme was inactivated by heating at 60 °C for 15 min. 
Appropriate dilutions of unrestricted and restricted DNA, respectively, were assayed on mouse embryo cells for plaque formation using the DEAE 


method"”. Py, polyoma DNA. 


* The molecular weights (MW) used for the calculations are polyoma DNA, 3.51 x 10°; pBR322, 2.89 10°; A DNA, 32 10°. 
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and again, two derivatives were used, one able to lysogenise its 
host and the other not. None of the recombinants isolated 
contained more than one molecule of polyoma DNA, but all 
contained the full monomer and with each vector three of the 
four possible derivatives were isolated (Fig. 4). 

The infectivity of the polyoma—pBR322 hybrid DNAs before 
and after cleavage with the restriction enzyme used to generate 
the joined fragments was compared with that of polyoma virus 
DNA, using the DEAE method for transfection of mouse 
embryo cells’’. Table 1 shows the specific infectivities of some of 
the polyoma—pBR322 hybrids joined through the BamHI site. 
Hybrids containing one unit length of polyoma virus DNA gave 
less than 1 plaque-forming unit (PFU) per ug of hybrid DNA 
(less than 1 PFU per 10'' DNA molecules), but cleavage of these 
hybrid DNAs with BamHI resulted in a specific infectivity (in 
terms of unit lengths of polyoma DNA) similar to that of the 
viral DNA cleaved with BamHI. Similar results were obtained 
with five of six hybrids that contained monomers of polyoma 
virus DNA joined to pBR322 through the EcoRI cleavage site 
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(results not shown). In no case was the uncleaved DNA 
infectious, but five of the hybrid DNAs were infectious after 
cleavage with EcoRI, which liberated a unit length linear viral 
genome. The reason for the lack of infectivity of the remaining 
hybrid after restriction remains uncertain; a non-infectious 
molecule may have been cloned, or infectivity of the polyoma 
DNA moiety may have been lost on passage of the hybrid in 
bacteria. 

In contrast to the intact hybrids containing one unit of poly- 
oma DNA, those containing 2 or 1.9 tandem head-to-tail 
genomes of polyoma virus DNA were infectious. The hybrid 
containing a dimer of polyoma virus DNA was 10% as infectious 
as intact form I viral DNA (in terms of PFUs per polyoma DNA 
molecule), whereas the hybrid containing 1.9 viral genomes was 
about 1% as infectious as viral DNA. The specific infectivity 
after cleavage with BamHI of the two hybrids containing more 
than one unit of polyoma virus DNA was similar to that of 
similarly treated viral DNA in terms of PFUs per unit length of 
polyoma DNA molecules. 


23 4567 8 9 10M 





Fig. 2 Restriction analysis of polyoma-pBR322 recombinant DNAs. 
Polyoma DNA (mutant, 0.5 yg) and pBR322 DNA (0.5 ug), both 
cleaved with BamHI, were treated in 66 mM Tris-HCl ( pH 7.5), 6.6 mM 
MgCl., 10 mM dithiothreitol and 1 mM ATP for 20h at 0°C with 
sufficient T4 DNA ligase to cause about two-thirds of the linear DNA 
species to be polymerised, as judged by agarose-gel electrophoresis. E. 
coli HB101 was treated with CaCl, and transformed essentially as 
described elsewhere'*; 1,500 ampicillin-resistant colonies were 
obtained per ug pBR322. 430 colonies were transferred to a Millipore 
membrane, grown and assayed by the Grunstein-Hogness procedure“, 
using in vitro synthesised polyoma **P-RNA. Twenty-eight positive 
colonies were used to prepare 2-ml cultures, from which hybrid form I 
DNA was purified by a combination of pubilished methods'*'’. Forma- 
tion and isolation of recombinant DNA using EcoRI-cleaved 
components was carried out in a similar way. For restriction analyses, 
DNA (1 pg) was digested with the enzymes indicated and the products 
analysed by electrophoresis on agarose gels in the presence of ethidium 
bromide*"’. a, Native DNA samples: (1) pBR322 (the major band is form 


I DNA, the minor bands are probably due to form II and to spontaneous pBR322 dimers, forms I and II). (2) Polyoma DNA; (3-8) hybrids A,, D,, Ds, Dy, Eg, Gy. b, 
BamHI cleavage. (1) pBR322; (2) polyoma; (3-8) hybrids linked through BamHI sites: A,, D}, Ds, Da, Ey, G3; (9, 10) hybrids linked through EcoRI sites: Ag,, Bag: 
M, marker: 629 DNA incompletely digested with EcoRI. c, EcoRI cleavage. Lanes numbered as in b. d, Double digestion with Psd and BamHI. (1) Polyoma DNA; 
(2) pBR322; (3, 4) hybrids with more than one unit polyoma linked through BamHI sites: D,, Ds; (5) monomeric hybrid linked through EcoRI site: Es; M, marker 

pCRI DNA digested with Bspl. e, Triple digestion with HindI|, HindIII and BamHI. Lanes numbered as in d. One of the larger (‘dimeric’) hybrids (D,) gave two 
fragments on digestion with BamHI: the longer one, which had the mobility of linear polyoma DNA, was present in about twice the molar yield (as estimated visually) 
of the shorter one, which had the mobility of linear pB R322. EcoRI cleavage of hybrid D, gave three products. The largest (7,100 base pairs) and the smallest (2,600 
base pairs) of these had the same mobility as the EcoRI fragments of hybrids A, and G,, respectively, whereas the third fragment (5,300 base pairs) co-migrated with 
linear polyoma DNA. The hybrid D, therefore consists of one molecule of pB R322 and two of polyoma DNA linked head-to-tail, in the orientation shown tn Fig. le 
The other large (dimeric) hybrid D, gave three fragments on cleavage with BamHI, one with the mobility of pBR322, one with the mobility of polyoma DNA, and one 
with a mobility corresponding to a chain length of about 4,700 base pairs. Thus, one of the polyoma DNA units has a deletion of about 600 base pairs. Digestion of D, 
with EcoRI yielded the same two smaller fragments (5,300 and 2,600 base pairs) as did the dimeric polyoma plasmid D,; however, the largest (7,100 base pair) 
fragment was replaced by a shorter one of about 6,400 base pairs (c). As shown in Fig. 1 legend, only the arrangement of Fig. le yields fragments of 5,300 and 2,600 
base pairs; therefore, D, probably consists of one molecule of pBR322 linked to a head-to-tail polyoma dimer with a deletion of about 800 base pairs in the region 
yielding the large EcoRI fragment. The site of the deletion was located more precisely by analysing the products obtained after simultaneous digestion with BamHI 
and Pstl on the one hand and with BamHI, HindIII and HindIII on the other. The resulting fragments were compared with those from a similar digestion of polyoma 
DNA, pBR322 and the dimeric polyoma plasmid D,. As shown in d, hybrid D, doubly digested with BamHI and Psd, lacked a 1,850-base pair fragment specific to 
polyoma which was replaced by a shorter fragment of about 1,300 base pairs; after digestion with BamHI, Hindli and HindIII one (of two) polyoma-specific 
fragments of 1,450 base pairs was replaced by one of ~ 700 base pairs. No pBR322-~specific bands were missing. The deletion is thus located at the position indicated 

in Fig. le. The orientation of the A, and G, hybrids is indicated in Fig. 1c and the D, and E, hybrids in Fig. 1d 
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Polyoma virus was isolated from several cell cultures that had 
been infected with the restricted plasmid tontaining monomeric 
polyoma DNA or with the unrestricted plasmid containing 
dimeric polyoma DNA; in all cases, the progeny had only the 
two Hhal sites characteristic of the mutant DNA used to 
produce the recombinant DNAs. To eliminate the possibility 
that free polyoma DNA (linear or circular) was present in the 
hybrid DNA preparations before transfection, 1-pg samples of 
the unrestricted hybrids containing dimers of polyoma DNA 
were subjected to agarose-gel electrophoresis. The DNA was 
denatured and transferred from the gel to cellulose nitrate 
membranes’! and polyoma-specific sequences were located by 
hybridisation with **P-labelled polyoma virus DNA followed by 
autoradiography. No radioactive band was detected in the posi- 
tions of forms I or II polyoma DNA; 0.1 ng of polyoma DNA 
could be detected in parallel lanes. This experiment shows that 
the observed infectivity was due to the polyoma-pBR322 hybrid 
molecules and not to free viral genomes in the preparations, as a 
possible contamination could not exceed about 0.01%. 
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The results for the infectivity of the polyoma-A hybrids before 
and after restriction were essentially the same as those for the 
monomer polyoma-pBR322 hybrids. Less than 1 PFU per pg of 
hybrid DNA (<1 PFU per 10'°DNA molecules) could be 
detected after infection of mouse cells with any of the uncleaved 
polyoma-A hybrids that contained a single copy of the polyoma 
virus genome, but cleavage with the appropriate restriction 
enzyme led to an infectivity similar to that of a molar equivalent 
of restricted polyoma DNA (Table 1). Of the polyoma-A 
hybrids constructed through EcoRI sites, seven of the eight 
different types of DNA molecule were infectious after digestion 
with EcoRI, but DNA from one hybrid (A-Py 48), which was 
shown to have a deletion at one of the sites of attachment, was 
not infectious after such treatment. Similarly, the hybrids con- 
structed through the HindIII sites, one of which is in the early 
and one in the late region, were not infectious as intact DNA 
molecules. 

These experiments show that it is possible to prepare and 
maintain in E. coli strain HB101 plasmids containing two units 
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Fig.3 Electrophoresis of DNA from A—Py hybrids in 1 % agarose gels. The samples were digested with the following enzymes: tracks 1-7 and 13-17, BamHI; tracks 
8, 10, 11, 19, EcoRI; tracks 9, 18, BamHI and EcoRI; track 12, HindIII and EcoRI. The samples in tracks 1, 9, 12 and 19 serve as reference for the size of fragments; 
the samples in tracks 11 and 12 show over-digestion with EcoRI, but nevertheless clearly show the release of unit length Py DNA from A -Py 35 on digestion with 


EcoRI and provide the necessary reference points for known fragments of A" D 


NA in the digest with HindIII and EcoRI (refs 20 and 22). The hybrid phage were 


made as follows. The vector DNA (usually 1 xg) was digested with the appropriate restriction enzyme and incubated with Py DNA (about 0.5 pg digested with the 
same restriction enzyme) and T4 DNA ligase (0.1 units) in 66 mM Tris-HCl, pH 7.5, 10 mM MgCl,, 1 mM EDTA, 40 mM NaCl, 10 mM 2-mercaptoethano! and 
0.1 mM ATP (0.1 ml) at 10 °C for 3-6 h and then 0 °C for at least 24 h and sometimes several days. In some experiments linear dimers of Py DNA were isolated by 
agarose-gel electrophoresis of samples of Py DNA (10 pg) that had been digested with EcoRI, heated to inactivate the enzyme and then incubated with T4 ligase. The 
section of gel containing the linear dimers was dissolved in saturated potassium iodide solution?’ and the DNA adsorbed on hydroxyapatite from which it was 


recovered by elution with 0.4 M potassium phosphate, pH 7, and dialysed against 0.3 


M NaCl and then 10 mM Tris-HCl, pH 8, and 1 mM EDTA. Linear Py DNA 


cleaved at one of the two HindIII targets was prepared by partial digestion in conditions previously shown to give no detectable fragments of Py DNA Viable phage 
DNA molecules were recovered by transfection of competent cultures'* of E. coli r, m, recA prepared as described by Lederberg and Cohen"* or, more frequently, 
by in vitro packaging using cells that had been UV-irradiated“. Plaques screened as indicated in Fig. 4 were picked into phage buffer containing CHCl, and re-plated. 
After two such cycles, plate lysates were prepared and used to infect small-scale liquid cultures. From these lysates 1-1 cultures were prepared by infection of ceils ata 
m.0.i. of 1 followed by growth for 3 h with vigorous aeration. Lysis was completed by addition of CHCI, and phage recovered from the clarified lysates by precipitation 
with polyethylene glycol (Carbowax 6000, to 10% w/v, NaCl to 0.5 M) overnight at 4 °C. The precipitates were recovered by centrifugation, extracted with phage 
buffer and after clarification by centrifugation at 10,000r.p.m. the phage were isolated by centrifugation on CsCl step gradients followed by equilibrium 
centrifugation in 41.5% w/w CsCl (ref. 14). Phage bands were collected and dialysed against 10 mM Tris-HCl, pH 8 and DNA prepared by phenol extraction 
followed by dialysis. Samples were digested with restriction enzymes as indicated above and analysed by electrophoresis in agarose gels (1% in 40 mM Tris-acetate, 
pH 8.2) which were photographed under UV light after staining with ethidium bromide (0.5 pg ml~'). In some cases the gels were soaked in NaOH solutions to 
denature DNA fragments for transfer to cellulose nitrate membranes’! and hybridisation with **P-labelled Py RNA. The fragments A, B, C and D all hybridised 
with the Py probe. The MW of these fragments deduced from their electrophoretic mobilities are: A, 2.5 10°; B, 2.75 x 10°; C, 3.25 x 10°; D, 3.9 x 10°. Fragment E 
is characteristic of BamHI digests of DNA from A derivatives and is the left terminal fragment of the molecule. All operations from transfection or packaging of ligase 
reaction products to isolation and restriction digestion of the hybrid phage DNA were carried out in a Category III laboratory and all cultures and lysates were 
inoculated and handled in glove boxes, rather than laminar flow cabinets. Digested DNA was analysed in Category I laboratories. 
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Fig. 4 Orientation of poly- 
oma DNA within A in the A- 
Py hybrids. Only part of the A 
genome is included in the i 
diagrams showing the orien- ; f E 

tation of the polyoma DNA ay y 35 4-Py 48 NM 616 | 
within A. The vectors are 4~Py 57 NM 816 
described elsewhere??? | 
NM 816 is a cI“ derivative of A-Py 24 
NM616. Targets for EcoRI 
are denoted by srl, and targets 
for BamHI and HindIII by 
sbm and shn, respectively. 
The orientations were based A~Py 37 
initially on the size of the 4--Py 12 
fragments (determined from : | 
their electrophoretic mobility A-Py 27 
in 1% agarose gels) released 
by digestion with BamHI. In 
the case of the hybrids made 
through the EcoRI sites, the 
important fragments were A, 
B, C and D (Fig. 3), but 
fragment B (2.78 10° 
daltons) and fragment D 
(3.9% 10° daltons) are the 
same size as fragments that 
would be released by the 
action of BamHI on head-to- 
head or tail-to-tail dimers of 
polyoma (2.8 or 3.9x 10° 
daltons). Heteroduplexes 
made between all the hybrid 
DNAs and their parent 
vectors showed, however, 
that all but one of the hybrids 
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contained an inserted DNA fragment equal in length to polyoma DNA. The exception was $A ~Py 48, which had a slightly smaller Baen inserted. The fragment in 
the BamHI digest of A- Py 40 (Fig. 3, track 3) with the same mobility as polyoma DNA was, in fact, not polyoma DNA, but a fragment containing both A and polyoma 
sequences; the orientation of the polyoma DNA in this hybrid is not shown here. Heteroduplexes between pairs of hybrids confirmed that the polyoma inserts in A-Py 
35, A -Py 48 and A -Py 57 were in the same orientation, but in the opposite orientation from those in A -Py 37 and à -Py 12; similarly, the orientation of the polyoma in 
A -Py 24 was shown to be opposite to that in A -Py 27. The heteroduplexes between A -Py 35 and A -Py 48 showed a deletion of about 0.7% of the total DNA located at 
59% from one end of the molecule. This, together with the MW of fragment A in a BamHI digest (2.5 x 10°), showed the presence of a deletion of about 0.25 x 10° 
daltons (about 350 base pairs) in hybrid A -Py 48 and digestion of the DNA with EcoRI showed that the deletion removed one of the EcoRI sites (srIA -2) at which the 
polyoma and vector DNAs had been joined. Further digests of the hybrid DNA preparations with HindIII and digests with both EcoRI and BamHI (results not 
shown) confirmed these conclusions and assignments of orientation. The orientations of the polyoma DNA in the à -Py hybrids made through HindIII sites and the 
determination of the HindIII site in the polyoma DNA at which the insertion had occurred were confirmed by an extensive analysis (by gel electrophoresis) of the 
digestion products formed with BamHI, Hindll] and EcoRI, acting singly and in combination (results not shown). 


of polyoma DNA linked head-to-tail at the BamHI site. The 
failure to recover hybrids that contain dimeric polyoma DNA 
linked to plasmid DNA or to phage A DNA through the EcoRI 
site is not understood although the changes in characteristics 
observed during the propagation of some of the polyoma~—A 
hybrids recovered by in vitro packaging suggest that phage 
genomes containing dimeric polyoma DNA were formed but 
were unstable. It seems that with both red* and red™ phage in 
rec” or recA host cells the dimeric polyoma DNA is converted 
rapidly into monomer size by some recombinational events in 
the bacterial cell. None of the hybrid phage constructed through 
the HindIII site contained dimers of polyoma DNA. However, 
more recent results suggest that phage containing dimers of 
polyoma DNA can be made through the BamHI site although 
their stability is unknown. 

The fact that cloned polyoma DNA, when excised at the site 
of joining, has an infectivity very similar to that of form III DNA 
derived from polyoma virions is evidence for the remarkable 
fidelity of the cloning procedure and the stability of a eukaryotic 
sequence replicated in a prokaryotic host. The finding that 
hybrid DNA containing only one unit length of polyoma DNA is 
not infectious to cells permissive for polyoma shows that 
intracellular excision of full-length, circular or linear polyoma 
DNA from the hybrid must be a very rare event. In contrast, 
excision of polyoma DNA from a hybrid containing a head-to- 
tail dimer is relatively efficient in mouse fibroblasts and probably 
results from legitimate recombination. A hybrid containing a 
head-to-tail dimer of polyoma DNA with an 800-base pair 
deletion in which, due to the location of the deletion (Fig. le), 
only 1.3 units of polyoma DNA are available for excision of a 
unit length viral DNA, had 10% of the infectivity of the plasmid 
containing the full dimer. This suggests that the frequency of 


excision may be related to the target size for possible recom- 
binational events. The production of $V40 virus from adeno- 
virus-SV40 hybrids has. also been observed to depend on the 
extent of duplicated $V40 sequences present”. The observed 
infectivity of hybrid DNA containing dimers of polyoma DNA 
resembles the results obtained by Jaenisch and Levine”, and 
Israel et al“, who found that linear and circular oligomeric 
SV40 DNA was infectious to. permissive cells and gave rise to 
SV40 particles containing monomeric DNA. 

Experiments designed to test the transfer of recombinant 
DNA from E. coli to an animal cell or to an animal can only be 
useful if the recombinant DNA itself is potentially infectious. 
The demonstration that hybrid DNA containing head-to-tail 
dimeric polyoma DNA is highly infectious to mouse fibroblasts 
whereas that containing a monomeric DNA insert is not, 
justifies an extension of the experiment to in vivo studies. In 
these studies bacteria containing such hybrid plasmids and 
phage will be administered to cultured mouse cells and to mice . 
which will then be scored for polyoma infection, 

After completion of this work two reports were published on 
the cloning of polyoma virus DNA in the pBR322 plasmid and 
bacteriophage A in the enfeebled E. coli host ~1776 (refs 25, 
26). In one case a dimer of polyoma: DNA was shown to have’ 
been cloned in A but in an unstable fashion. Consistent with the. 
results presented here that recombinants containing duplicated 
polyoma virus sequences. are biologically active in vitro, these 
workers found that only recombinant DNA preparations 
containing dimer polyoma Contes were viologican} active. 
when injected into animals. - 

We thank Dr R. J. C. Harris, D. Ti itmus and other stati 
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Cytoplasmic synthesis of plastid 
polypeptides may be 
controlled by plastid-synthesised RNA 


IT is generally agreed that some plastid polypeptides are coded 
by plastid DNA and the remainder by nuclear DNA, and that 
some plastid polypeptides are synthesised on plastid ribosomes 
and the remainder on cytoplasmic ribosomes’”. Studies on two 
mutant lines of barley (Hordeum vulgare L. ‘albostrians’ 
(M4205) and ‘Saskatoon’) have helped the understanding of the 
integration of the plastid and nucleocytoplasmic systems. In 
both lines a nuclear mutation is expressed as an irreversible 
mutation of the plastid DNA yielding pigment-deficient plastids 
whose segregation leads to white-striped leaves and later to pure 
white leaves and shoots’*. The white leaves do not contain 
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plastid ribosomes and no protein synthesis can be detected in the 
plastids, although cytoplasmic ribosomes are present in normal 
amounts’. Immunoelectrophoresis of extracts of white leaves 
has failed to detect either the plastid-synthesised large subunit 
or the cytoplasmically synthesised small subunit of ribulose- 
bisphosphate carboxylase/oxygenase, or coupling factor CF,, 
which has three plastid-synthesised and two cytoplasmically 
synthesised subunits, or the cytoplasmically synthesised fer- 
redoxin-NADP* reductase”. We report here that two cyto- 
plasmically synthesised plastid enzymes’, phosphoribulokinase 
(EC 2.7.1.19) and p-glyceraldehyde-3-phosphate: NADP* 
oxidoreductase (phosphorylating) (EC 1.2.1.13), occur in 
considerably reduced amounts in white leaves and deduce how 
the plastid may control the cytoplasmic synthesis of plastid 
polypeptides. 

Enzyme activities were determined in the clear supernatants 
of homogenates made from barley leaves and were carried out 
for each enzyme both before and after in vitro activation, as 
described in Table 1 legend. Normally pigmented leaves of 
M4205 gave results for the two enzymes similar to those 
obtained previously for several other species, in that in vitro 
activation was substantial in extracts from etiolated leaves but 
proportionately smaller in extracts from illuminated green 
leaves because illumination of green leaves causes activation 
in vivo’. Table 1 shows that plastid pigment-deficient leaves 
contained measurable amounts of both enzymes and that the 
activities increased in response to in vitro activation. Thus the 
enzymes were present in both dark-grown leaves and in leaves 
subjected to 48 h of illumination, their activities falling within a 
range of 0.5-3.6% of those of the normally pigmented leaves of 
M4205. Absorption spectra and their second derivatives 
of intact white leaves have shown the presence of small 
amounts of carotenoids and chlorophyll at less than 1% of the 
plastid pigment content of normally pigmented leaves of M4205 
(T.B. and A. Meister, unpublished). Parallel experiments with 
‘Saskatoon’ barley yields results similar to those shown in Table 
1 for M4205. Note that the Euglena gracilis mutant W,BUL, 
which lacks plastid DNA, also contains very low amounts of 
cytoplasmically synthesised plastid polypeptides’”. 

Plastid pigment-deficient leaves of both mutant barley strains 
seem to show slightly ‘leaky’ inhibition of the cytoplasmic 
formation of phosphoribulokinase and glyceraldehyde-phos- 
phate dehydrogenase (NADP"). This contrasts with data for 
genetically normal seedlings grown at high non-permissive 
temperatures (28-34 °C) where the newly formed parts of the 
leaves are free from plastid ribosomes and deficient in plastid 
pigments''. The non-permissive temperature may function by 
preventing the assembly of plastid ribosomes’*. Pigment- 
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Table 1 Comparison of the phosphoribulokinase and glyceraldehyde-phosphate dehydrogenase (NADP) activities of leaves of the barley mutant 
‘albostrians’ (M4205) which either possess or are deficient in plastid pigments 








Enzyme activity 
(units per g fresh weight) 
| Glyceraldehyde-phosphate 


Phosphoribulokinase dehydrogenase (NADP*) 
Without With Without With 
in vitro in vitro in vuro in vitro 
activation activation activation activation 
7 d dark growth 
Plastid pigments normal 9.7 12.3 ae 4.3 
Plastid pigments deficient 0.15 0.37 0.09 0.15 
7 d dark growth plus 2 d illumination 
Plastid pigments normal 49 51 14.1 16.6 
Plastid pigments deficient LZ 1.8 0.07 0.22 


Two barley seedling first leaves were weighed and then homogenised in 5 ml of ice-cold extraction medium (100 mM Tris-HCI, pH 7.8 and 2 mM 
dithiothreitol) for 3 min in a Tenbroek homogeniser and the enzyme activities were determined in the supernatant obtained after 1 min centrifugation 
at 5,000g. Both enzymes were assayed spectrophotometrically from NAD(P)H consumption measured at 344 nm and 30 °C as previously described’. 
Phosphoribulokinase was activated by 12 min preincubation of 0.1 ml of extract with 50 pmol Tris-HCI, pH 7.8, 2 umol dithiothreitol, 10 pmol 
MgClo, 2 umol ATP and 40 pmol KC! at 30°C in a total volume of 0.38 ml. Glyceraldehyde-phosphate dehydrogenase (NADP’) was activated by 
5 min preincubation of 0.1 ml extract with $0 umol Tris-HCI, pH 7.8, 10 pmol MgCl., 4.8 pmol EDTA, 3 umol ATP and 5 umol 3-phosphoglycerate 


at 30°C in a total volume of 0.34 ml, Each value represents the mean from two separate leaf samples. 


deficient sections of rye leaves grown at the non-permissive 
temperature (32°C) contained normal amounts of the cyto- 
plasmically synthesised photosynthetic carbon pathway 
enzymes, including phosphoribulokinase and NADP*-depen- 
dent glyceraldehyde-phosphate dehydrogenase, and further- 
more these activities were found to accumulate within 
unpigmented plastids’’. These pigment-deficient leaves also 
synthesised and accumulated the small subunit of ribulose- 
bisphosphate carboxylase/oxygenase in the absence of any 
synthesis of the large subunit'*. 

This work with seedlings grown at high temperatures 
established that the presence of functional chloroplasts is not 
necessary for the accumulation of cytoplasmically synthesised 
plastid stroma enzymes, and suggests that the failure of such 
enzymes to show appreciable accumulation in unpigmented 
leaves of the mutant barley was a result of the inhibition of their 
synthesis. As back-crossing experiments’ have shown that the 
nuclear genome of the mutant barley is stable and as the 
inhibition of the cytoplasmic synthesis of plastid polypeptides 
was not found until the plastid DNA became defective, it may be 
deduced that the inhibition of the cytoplasmic synthesis of 
plastid polypeptides resulted from the loss of a product or 
products, arising from plastid DNA, which controlled this 
process. As plastid pigment-deficient leaves of the mutants and 
of the high temperature-grown seedlings all lacked ribosomes 
and did not show pclypeptide synthesis in the plastids, whereas 
the former lacked and the latter showed the cytoplasmic 
synthesis of plastid polypeptides, it seems evident that such a 
product could not have been a plastid-synthesised polypeptide 
or the metabolic product of the enzymatic activity of such a 
polypeptide. The pigment-deficient plastids of the mutants had 
undergone an irreversible change in their DNA, whereas the 
DNA of the plastids of the heat-treated seedlings is assumed to 
have been unaffected, as the effects of the heat treatment were 
reversed by return to a permissive temperature’’, 

The most direct explanation for the inhibition of the cyto- 
plasmic synthesis of plastid polypeptides in the pigment- 
deficient barley mutants is the assumption that they are deficient 
in RNA transcribed from the plastid DNA. This RNA may 
function in derepressing the transcription of nuclear DNA 
coding for cytoplasmically synthesised plastid polypeptides. 
Alternatively it may function as tRNA necessary for the cyto- 
plasmic translation of mRNA coding for plastid polypeptides in 
agreement with the recent report that 7~9 plastid DNA cistrons 
of Euglena gracilis code for tRNA molecules which function 
with cytoplasmic polyribosomes and which are distinct from the 


tRNA which functions in polypeptide synthesis in the plastid’®. 
These mechanisms, shown in Fig. 1, may be considered in 
relation to other proposals that organelle gene products may 
control the nucleocytoplasmic synthesis of organellar poly- 
peptides for mitochondria” and chloroplasts’. 

Our deductions are not compatible with the ‘cytoplasmic 
control principle’ as formulated by Ellis’ for the regulation of 
organellar protein synthesis and which states that “cytoplasmic 
products control organellar protein synthesis, but that the con- 
verse does not occur”. We do not dispute that cytoplasmic 
products may control organellar protein synthesis but cannot 
accept the second part of this statement. On the contrary, we 
consider that there are also cases in which plastid products 
control the amount of synthesis of plastid proteins on cytoplas- 
mic ribosomes. 
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Short-term storage 
and wind power availability 


ANDERSON ET AL.’ present a further 
analysis of Ryle’s suggestion on the role of 
alternative energy sources’ that wind 
power could be used in conjunction with 
150-h thermal storage to provide domes- 
tic space heating. Ryle contended that “‘as 
soon as such storage is introduced a 
number of alternative sources of energy 
can be compared on an equal basis with a 
nuclear system”; in other words, that wind 
power can not only replace nuclear power 
as an energy producer but, when used in 
conjunction with 150-h storage, can 
contribute justas reliably to meeting peak 
elettrici demands. Our disagreement 
with Ryle is on the latter point. 

In our previous paper? and our- com- 
ments on Diesendorf and Westcott“, we 
attempted to show that 150-h storage was 
inadequate for matching wind generator 
output to the heating load and as a result 
would have little, if any, effect in reducing 
the amount of firm generating capacity 
needed for meeting peak demands on the 
electricity supply system. We believe that 
the data presented by Anderson et al.’ 
support this view. 

Figure 1 of ref. 1 shows that over the 
17-yr period considered, wind power in 
conjunction with 150-h storage would 
have failed to maintain room temperature 
to within 3°C of the target temperature 
(20°C) for 14% of the time, while Fig. 2 
shows that during the period February- 
March 1975 the temperature would have 
fallen below 17°C for 65% of the time. 
We contend that the occupants would 
resort to supplementary direct electrical 
heating during such periods with the result 
that the peak load on the supply system 
would be little different from what it 
would have been in the absence of wind 
generation. Consequently, unless storage 
of the type advocated by Ryle could be 
economically provided for periods much 
longer than 150h, wind power would 
operate only as a fuel saver. 

Anderson et al.’ also suggest that the 
optimum ratio of rated to annual average 
wind speed for a wind turbine would be 
closer to a value of 1.5 than the 2.3 ratio 
used by ETSU in Energy Paper 21, which 
we also adopted for our estimates. We 
acknowledge that such a choice of ratio 
would reduce the time of zero output and 
hence the storage requirement. However, 
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an estimate we have made from an analy- 
sis of 16 yr of wind data from four of the 
sites of ref. 3 suggests that the reduction in 
energy Output would be well above the 
estimate of 20% so far as the higher wind 
speed sites, including offshore locations, 
are concerned. For such sites a mean 
annual wind speed of 14 knots at the 
standard 10 m recording height would be 
more typical than the 12 knots on which 
calculations are based in ref. 1. We esti- 
mate that, in the former case, the energy 
loss would be closer to 40%, a reduction 
which would outweigh the savings on 
capital cost. We agree, however, that the 
economic optimum is likely to be some- 
what lower than 2.3 even for very windy 
sites, the exact value being machine design 
dependent. Anderson et al. suggest that 
the energy deficit resulting from operation 
at a ratio of 1.5 can be regained by 
increasing the radius of the rotor. It would 
seem to us that having optimised the ratio 
of the rated to mean wind speed at a given 
site for a given design of machine, the size 
of rotor would be maximised within the 
constraints of engineering feasibility. 

R. J. LEICESTER 

R. H. TAYLOR 

V. G. NEWMAN 
Planning Department, 
CEGB, Laud House, 
Newgate Street, 
London EC1, UK 
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ANDERSON ETAL. REPLY-—Leicester et 
al. have for the most part accurately 
restated our quantitative results’. With 
reference to the need for a supplementary 
supply, we would stress that the system we 
assumed was (intentionally) the most 
stringent in that, even with perfect cor- 
relation between available wind energy 
and heating demand, the house tempera- 
tures would only just be maintained at 
20°C. Nevertheless, the lowest tempera- 
ture reached over the entire 17-year 
period was 10°C, at a time when the 
outside temperature was ~0°C. The 
system was, therefore, always able to 
supply at least 50% of the energy required 
(heating demand being assumed propor- 
tional to the difference between internal 
and external temperatures). Even if the 
energy shortfall on this isolated occasion 
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had to be met entirely by the conventional 
grid, the electrical heating demand would 
be reduced by ~50% over that necessary 
in the absence of wind power, which we 
would not describe as ‘hardly different’. 

The question of turbine rating has 
apparently not been fully appreciated by 
Leicester et al. Our analysis (which was 
based on calculations involving actual 
wind data and not just estimates) depends 
only on the statistics of the wind dis- 
tribution at a particular site and ts other- 
wise completely independent of the 
precise value of mean wind speed. The 
loss in total annual energy output for a 
change of turbine rating from 2.3 V to 
1.5V is relatively independent of the 
particular site and corresponding mean 
wind speed as can be seen from Fig. 7 of 
the ETSU report’; this figure, which 
shows the results for seven sites, including 
one of the higher wind speed sites referred 
to by Leicester et al., indicates. values of 
this loss in the range 15-25%, rather than 
the 40% estimated by Leicester et al. The 
specific value of 12 knots used in our 
Table 2 (ref: 1) was adopted simply to 
allow actual figures for power output and 
so on to be quoted; the conclusions would 
have been similar for any reasonable value 
of adopted mean wind speed. 

The optimisation of costs for a parti- 
cular design is a complex problem and the 
engineering constraints involve not only 
the size of the rotor but also, for example, 
the limitations of gearbox torque and 
tower strength. The same annual energy 
output can be obtained by the use of a 
larger but more lightly-loaded rotor 
operating over a lower range of wind 
speeds, allowing the use of a smaller 
gearbox and alternator and reducing the 
structural loadings of the tower. On the 
basis of the relative costs given by ETSU’ 
this will usually lead to a more economical 
design. 

M. B. ANDERSON 
K. NEWTON 
MARTIN RYLE 
P. F. SCOTT 
Cavendish Laboratory, 
Madingley Road, 
Cambridge, UK 
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TO CONCLUDE this correspondence the 
authors have been invited to provide a 
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final summary of the main points of 
agreement and disagreement between 
them. 

THERE are two principal points of dis- 
agreement: (1) the extent to which wind 
power (with 150-h storage) can provide a 
reliable heating supply; and (2) the varia- 
tion of net power output with aero- 
generator rating. 

(1) Ryle’ considered the question of 
domestic heating demand. He concluded 
that wind power with the addition of 
150-h storage on the consumers’ premises 
could meet this demand at all times and 
thus replace an equal amount of con- 
ventional or nuclear generating plant. 

In an analysis covering a six-month 
period, Leicester et al. (ref. 2 and above) 
found periods of a week or more during 
which the 150-h storage, initially full, 
would have been completely discharged 
and therefore unable to meet any of the 
heating demand. They pointed out that at 
such times there would have been little 
reduction in the heating demand imposed 
on the electricity grid and, consequently, 
little saving in the amount of thermal plant 
needed to meet peak demands. 

Anderson ef al. later proposed? a 
modified system with a store in which the 
heat output is a linear function of the 
energy remaining in the store. In this 
system as the heat output from the store 
fell short of that required the demand on 
the grid would progressively increase. 
They found that over a 17-year period this 
demand would never exceed about half 
the average heating load, with a cor- 
résponding reduction in the required 
installed thermal power station capacity. 
Thus, although a wind energy system in 
which there was no surplus capacity would 
be unable to supply the entire heating 
load, it could, nevertheless, make a 
Significant power as well as energy 
contribution. 

Leicester et al. agree that this second 
proposal is of interest, but further work 
will be required before the full -impli- 
cations of such a system can be assessed. 
(2) The disagreement on the second point 
is less easy to explain. Based on the analy- 
sis of wind data, the Cambridge group 
suggest that changing the rated speed of 
the aerogenerator from 2.3 to 1.5 times 
the mean site wind speed decreases the 
annual energy output by between 15 and 
25% (in agreement with the data given in 
the ETSU paper) whereas the CEGB 
group, from a similar analysis, derive a 
figure closer to 40%. The two groups 
agree that the precise figure will be a 
function of the generator characteristics 
and the wind speed distribution function 
and this matter warrants further study. 


M. B. ANDERSON 
R. J. LEICESTER 
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On an environmental model for 
the type Kimmeridge Clay 


TYSON ET AL.’ have proposed that 
Kimmeridgian e¢occolithic limestones 
were the result rather than the cause’ of 
extreme anaerobic conditions analogous 
to those in the Black Sea today. Anoxic 
water columns develop where a salinity or 
temperature gradient causes density 
stratification which restricts circulation. 
However, anoxic mid-water columns 
develop in some areas due to high 
productivity in the euphotic zone*. If 
circulation was restricted, perhaps by 
topography, this process could go to 
extreme, therefore the suggestion of 
Gallois? cannot be discounted. The micro- 
laminated marls associated with oil shales 
may form at maximum development of 
anoxic conditions. However, observations 
of major developments of the coccolithic 
limestones contradict this proposition for 
their origin. Also, carbonate will tend to 
dissolve below the O -HS interface’. 

The Rope Lake Head Stone Band 
intérbedded with the oil shales is biotur- 
bated with Rhizocorallium and encrusted 
with oysters. The White Band contains 
distinct burrows at certain horizons and 
ripple cross-lamination. The evidence is 
conclusive, the major developments of 
coccolithic limestone occurred in aerated 
bottom water. Transpositional structures 
within the limestones indicate the sub- 
strate was unstable and this would account 
for the lack of benthos in places. 

I believe the oil shales mark the maxi- 
mum stand of the O,-H.S interface. 
Vertical movement of this interface could 
cause the lithological change clay~bitu- 
minous shale-oil shale, but dilution by 
terrigenous material can account for it 
equally well. In the Kimmeridge Clay both 
factors interact. The coccolith limestones 
accumulated when circulation increased. 
The previously anoxic water would supply 
concentrated nutrients, in particular 
HCO,;, and favour the propagation of 
coccoliths. This model accounts for 
incomplete cycles, suchas, bituminous 
shale—coccoliths~bituminous shale and is 
more consistent with observational evi- 
dence. 


HILARY IRWIN 
Department of Geology, 
University of Reading, 
Whiteknights, 
Reading, UK 
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TYSON REPLIES—Irwin has proposed an 


interesting modification of the stratified - 


water column interpretation for the cyclic 
sedimentation observed in the type 
Kimmeridge Clay. While we apparently 


819 


agree that the sequence clay—bituminous 
shale-oil shale represents a transition 


from aerobic to anaerobic bottom condi- 


tions (coupled with the progressive 
development of an O.~H,S interface in 
the lower part of the water column) our 
respective interpretations for the deposi- 
tional conditions of the coccolith lime- 
stones are directly opposed. 

On the basis of field observations Irwin 
claims that the coccolith limestones were 
deposited in aerobic bottom conditions 
when the dispersal of anoxic, nutrient-rich 
bottom water had promoted increased 
propagation of coccoliths. As I have only 
just completed a detailed examination of 
the sequence I must contradict Irwin's 
evidence: (1) The Rope Lake Head 
limestone, although bioturbated, is not 
oyster encrusted (and is not a true coc- 
colith limestone). (2) Only a single poorly 
developed horizon of bioturbation occurs 
in the White Stone Band coccolith lime- 
stone, reflecting what was clearly a tran- 
sient improvement in bottom oxygenation 
(for example, associated with limited 
advection due to a density current). (3) 
The White Stone Band coccolith lime- 
stone does not contain any evidence of 
bottom currents, but penecontem- 
poraneous deformation structures do 
sometimes resemble ripples. (4) The coc- 
colith limestones are devoid of benthos. 

The remainder of Irwin’s argument 
contains several inconsistencies. While 
solution of inorganic carbonates (such as, 
‘seekreides'’) is an important process 
below the O,-—H.S interface, it is not rele- 
vant to this discussion for coccoliths are at 
present day accumulating on the floor of 
the Black Sea’ (despite pH values of 7.6 
ref. 3). If the deposition of coccolith 
limestones were initiated by the dispersal 
of anoxic bottom water. (coincidental with 
the development of aerobic bottom 
conditions) then: (1) There is no reason 
why ‘varve-like’ microlaminations should 
form. (2) Any microlaminations would 
have been destroyed by bioturbation 
(there is no a priori reason to suppose the 
substrate was unsuitable for benthos— 
especially when one considers the biotur- 
bation in the White Stone Band), (3) This 
would contradict the geochemical* and 
palynofacies evidence (ref. 5 and personal | 
observations). (4) It would imply thatthe _ 
coccolith limestones should always be 
underlain by oil shales (that is, sediments 
representing anoxic bottom conditions) 
which they are not. (5) According to 
Gallois® the decay of the resultant phyto- 
plankton bloom would recreate anoxic 
bottom condition anyway. (6) A: greater 


degree of lateral variation would. be © 


expected. Bottom water dispersal events 
are recorded in the stratigraphic record, 
but not by. laminated coccolith lime- 
stones’. 

Any belief in a stratification/ OHS 
interface model is. incompatible with 
Gallois’ original hypothesis® which was.an 
alternative to the restricted basin models. 
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If one does believe in stratification one 


should accept that with the onset of stag- 


nation the O,~H25 interface will inevit- 
ably rise to the base of the euphotic zone 
(where it will participate in the plankton 
dynamics of the basin) unless one of 
several external influences disrupts the 
system’. Much more convincing evidence 
is required if Irwin seeks to replace a 
model which has the weight of Quater- 
nary~Recent modern analogues behind it. 


. R. V. TYSON 
Department of Earth Sċiences, 
The Open University, 
Milton Keynes, Bucks, UK 
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Calcium activation of 
the cortical 
reaction in sea urchin eggs 


USING sea urchin (Echinus esculentus) 
eggs broken by shock discharge, or iso- 
lated egg cortices, Baker and Whitaker’ 
found that about 1 uM Ca was sufficient to 
activate exocytosis of half the cortical 
vesicles. They represent this figure as an 
order of magnitude lower than the figure 
we reported’ (between 9 and 18 uM) 
using Lytechinus pictus sea urchin isolated 
cortices. 

However, there is no discrepancy 
between our results. We measured the 
level of calcium required for nearly 
complete (>95%) exocytosis, and we 
have recently obtained a more precise 
estimate of 12 pM, determined by break- 
ing the eggs open in the test solutions. 
From Baker and Whitaker’s Fig. 2, they 
observe 95% exocytosis at a Ca concen- 
tration of 6 uM (pCa = 5.2). Moreover, 
Baker and Whitaker derive an apparent 
stability constant’ from. a Ca-EGTA 
binding constant’ (pK) of 11. However, in 
physiological media a lower binding 
constant is appropriate’. We assumed a 
pK of 10.7 in our calculations for our 
HEPES-buffered solutions, as this value 
was reported® for similar -phosphate- 
buffered solutions. This difference in 
binding constant accounts for the twofold 
difference remaining between our cal- 
culated Ca threshold for the cortical re- 
action and that offered by Baker and 
Whitaker. 

The problem of selecting the appro- 
priate binding constant for EGTA is a 
general one in studies of the role of cal- 


cium. We recently attempted to estimate ` 


the primary Ca-EGTA binding constant 
ourselves, using calcium-specific elec- 
trodes filled with Ca-DOPP mixed with 
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DOPP-n’. We could only obtain accurate 
measurements of calcium when the 
apparent binding constant of EGTA for 


Ca was reduced in PIPES-buffered low 


pH (6.5) and the monovalent cation 
concentration was kept to.0.13.M. We 
measured an apparent binding constant, 
pK’ = 5,3, corresponding to a primary Ca- 
EGTA binding constant of pK = 10.6. 
Since high pH® and high ionic strength” 
are both reported to reduce the primary 
Ca-EGTA binding constant (but see ref. 
10), it seems that even our estimate for the 
Ca threshold of the cortical reaction 
(12 uM) is too low. 

Baker and Whitaker also suggest that 
ATP is needed to maintain the cortical 
intracellular Ca store. We. found that 
sperm, the Ca-transporting membrane 
ionophore A23187, and. the partheno- 
genetic agent urea all release Ca from the 
same store’'. Quantitative estimates of 
the amount of Ca released”? compared to 
the cortical reaction threshold, suggest 
that the store is released into a small frac- 
tion of the cytoplasm at the cortex. As the 
store is replenished and can be discharged 
again about 45 min after release (when the 
cortical vesicles are gone), it is unlikely to 
be associated with the cortical vesicles 
themselves, The calcium store may reside 
in a subsurface endoplasmic reticulum, 
but this has not yet been observed in the 
appropriate cortical region. The calcium 
may be bound directly to the membrane 
instead. 

We thank Sherwin Lee for help with the 
Ca-sensitive electrodes... 


ROBERT §. ZUCKER 
Department of Physiology-Anatomy 
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BAKER AND WHITAKER REPLY—We 
are delighted that Zucker and Steinhardt 
find no serious disagreement between 
their results and ours’ 

It is unfortunate that one cannot be sure 
of the value of the free calcium concen- 
tration in physiological solutions buffered 
with EGTA to within half an order of 


Nature Vol. 279 28 June 1979 


magnitude. As Steinhardt et al. pointed 


out’ the most one can do is to specify total 
calcium, magnesium and EGTA concen- 
tration so that, should reliable affinity 
constants become available, the free cal- 
cium data may be recalculated. Although 
monovalent cation concentrations were 
not identical, a rather direct comparison 
of the results obtained on British and 
American urchins is possible because the 
calcium buffers used in our experiments” 
were made up in the same proportions of 
calcium, magnesium and EGTA as those 
specified in the study of the cortices of 
Lytechinus. 

Much of the apparent discrepancy 
stems from Zucker and Steinhardt’s 
somewhat peculiar definition of 
‘threshold’ for cortical granule release as 
the calcium concentration giving release 
of 95% of the granules. Although the 
release of individual granules is an all-or- 
none process, our Observations suggest 
that in a population of granules the rate of 
discharge is a smooth function of calcium 
concentration. Physiologically, it is likely 
that the abrupt onset of the cortical reac- 
tion can be attributed to the release of 
large amounts of calcium from a store’. In 
the presence of 5 mM ATP, a calcium test 
solution? which according to Steinhardt er 
al.‘ contains 1 uM free calcium, initiates a 
cortical response which spreads as we 
have described and has discharged all the 
cortical granules within 2 min. At higher 
calcium concentrations the rate of dis- 
charge of the granules (expressed as a 
percentage of the total number) increases. 
A calcium activation curve obtainedby 
scoring the proportion of granules 
remaining at 30 s has a similar half point to 
the data (Fig. 2a of ref. 2) for eggs sub- 
jected to high voltage discharge in sol- 
utions of different calcium concentration. 
Again, using the constant of Steinhardt et 
al.’ the half activation point is about 
3 uM, although its position will depend on 
the time after addition of calcium at which 
the reaction is assessed. At its fastest, the 
discharge of cortical granules over the 
whole cortical fragment takes about half a 
minute. This is not dissimilar to the rate in 
vivo*. Without information as to the time 
of observation, the half point of activation 
in the cortices of Lytechinus cannot 
strictly be estimated, but might at its 
lowest be 6 pM. At worst, as it is not clear 
whether concentrations of calcium less 
than 12 uM cause any granule discharge 
in Lytechinus, there remains an order of 
magnitude difference between the two 
species in the lowest calcium concen- 
tration which has been demonstrated to 
produce a cortical response. 

Although this difference in the affinity 
of the cortical reaction for calcium in the 
eggs of the British and American urchins 
may well have its explanation in species 
differences, or the uncertainties in free 
calcium concentration, our observations 
as to the critical importance of ATP 
in maintaining the properties of the 
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physiological reaction’ suggest a less 
trivial explanation. As experiments with 
Lytechinus were performed in the absence 
of added ATP, the decrease in calcium 
affinity which results from removal of 
ATP in Echinus may well be the factor 
responsible for the apparent differences in 
calcium affinity in the two species. 


P. F. BAKER 

M. J. WHITAKER 
Department of Physiology, 
King’s College, 
London WC2, UK 
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Fusion or lysis 


of vesicles by Ca’*? 

GINSBERG showed? that sonicated 
phosphatidylserine (PS) vesicles in the 
presence of large concentrations of Ca’* 
or Mg** did not retain sucrose and he 
concluded that the final structures had lost 
the form of closed vesicles. As such, he 
proposes the cation effect to be one of lysis 
and the Ca’**~PS system to be an inap- 
propriate one for the study of membrane 
fusion. It is not surprising that the final 
product of the PS~metal interaction 
cannot retain solutes such as sucrose, as 
the vesicles collapse and internal volume 
is lost”. The PS membrane repeat deter- 
mined by X-ray diffraction is 53 A in 
2 mM Ca’**; 67 Ain 10 mM Mg” (ref, 2) 
and 71 A in 1M Na’ (ref. 3). The term 
‘membrane fusion’ refers to the formation 
of larger membranous structures by 
contact and mixing of the parent 
membranes. This is in contrast to the mix- 
ing of membrane lipids by diffusion of the 
components, as proposed for the dimyris- 
toy! lecithin—dipalmitoyl lecithin system’. 
Recent experiments’ have shown that 
release of contents is nearly second order 
in vesicle concentration and is concomi- 
tant to aggregation, demonstrating vesicle 
contact in leakage experiments. That Cat 
induces fusion, that is, mixing of 
membrane components, is indicated by 
the formation of large cochleate struc- 
tures, which on addition of EDTA, 
become huge vesicles capable of entrap- 
ping large molecules”. Mg’* alone is less 
effective® but in its presence, only small 
concentrations of Ca** are required for 
obtaining larger structures*’. Similarly, in 
the dimyristoy! phosphatidylglycerol— 
dipalmitoy! phosphatidylglycerol vesicles’ 
and in phosphatidic acid-phos- 
phatidylcholine vesicles®, Ca?* induces 
mixing of the lipids, that is, fusion. Our 
view is that fusion requires a destabilisa- 
tion of the membranes in contact until the 
joint membrane is arranged. Model 
systems are intended to be approxima- 
tions to the in vivo systems. A definition of 
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membrane fusion as a process without 
leakage is too restrictive and so far no 
experiment has ruled out leakage in fusion 
events. In model systems better approxi- 
mating the in vivo system, such as mixed 
PA/PC vesicles, mixing and retention of 
contents has been demonstrated. The 
interactions postulated to occur between 
the Ca” and PS in the pure system are still 
relevant to the mixed systems. 


S. NIR 
Roswell Park Memorial Institute 
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GINSBERG AND GINGELL REPLY— 
The comments of Nir and Pangborn stem 
from an inadequate definition of 
membrane fusion. They claim that fusion 
is equivalent to the mixing of components 
from two contacting parent membranes. 
However, physiological membrane fusion 
apparently involves the transfer of 
aqueous contents from one membrane- 
bounded compartment to another without 
spillage into inappropriate spaces, as seen 
in phagosome-lysosome interaction and 
secretion. Any artificial system should 
fulfil this additional criterion to be biolo- 
gically relevant”. Thus, the X-ray data 
cited by these authors? seem to invalidate 
their PS system as a paradigm for 
membrane fusion: Ca?” converts PS into a 
multilayer containing no removable 
water, Such collapsed multilayers could 
result from the lysis of closed 
membranous forms by the mechanism we 
suggest’. The experiments described by 
Nir and Pangborn where loss of contents is 
reported to accompany vesicle aggrega- 
tion may also be explained in terms of 
lysis: Ca**-induced vesicle rupture with 
loss of contents may provide the ante- 
cedent for immediate aggregation of the 
resultant membrane fragments. 
Although Ca” is strongly implicated in 
biological membrane fusion’, there is no 
compelling reason to suppose that its 
action on dispersions of single acidic 
phospholipids resembles its interaction 
with mixed lipid membranes nor with the 
biomembrane systems in which fusion was 
first studied’. This point is underlined by 
the far greater Ca** sensitivity of natural 
vesicle fusion®. Gershfeld has recently 
shown’ that sonicated vesicles are in a 
metastable state at temperatures exceed- 
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ing the lipid phase transition temperature. 
Thus, addition of divalent cations to PS 
vesicle suspensions may merely trigger a 
return to equilibrium by a variety of 
unknown pathways. 


L. GINSBERG 
D. GINGELL 
Department of Biology as Applied to 
Medicine, 
The Middlesex Hospital Medical School, 
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Some real communities 
are unstable 


THE mathematical stability analyses of 
randomly constructed food webs of Pimm 
and Lawton’? have emphasised the 
destabilising influence of omnivory. Their 
examination of a number of real food 
webs” seems to support their hypothesis 
that webs with many omnivores should be 
rare except in insect host—parasitoid 
systems. However, I analysed the real 
food webs cited as corroborative by Pimm 
and Lawton, that is, those of Askew’, 
Force” and Richards“, and found that 
none meet the criterion for Lyapunov 
stability. The validity of the models and 
their inherent assumptions appears ques- 
tionable. 

All webs were analysed using the 
observed signs of interaction and Pimm 
and Lawton’s constraints on the selection 
of random magnitudes for parasitoid—host 
and herbivore—plant interactions. Signs 
for variable interaction, species A and B 
each serving as prey or predator for the 
other, were arbitrarily assigned. To 
investigate whether the occurrence of self- 
limited species influenced stability, runs 
were repeated with self-regulation terms 
removed (all principal diagonal elements 
equal to zero). Finally, self-limitation was: 
introduced at the lowest trophic level 
(plant), a criterion used by Pimm and 
Lawton in constructing their random 
webs. Analysis of Richard’s web was per- 
formed twice, once with the parasitoid- 
host and again with vertebrate predator- 
prey constraints used for the predatory 
arthropods. In no case were any of 50 runs 
for either the original or adjusted webs 
stable. 

I included only primary interactions in 
abstracting a matrix from Force's web. 
The excluded terms (dashed lines in 
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parasitised by another parasitoid. The 
existence of this exploitative competition, 
which has been reported for many parasi- 
toids*7, implies that higher order inter- 
actions are common in parasitoid com- 
munities. However, higher order terms 
violate an assumption of the stability 
analysis. 

If Lyapunov stability is a relevant fea- 
ture of communities and extinction of 
some member(s} of each community is not 
imminent, there are several explanations 
for the observed discrepancy. Perhaps 
stable solutions exist, but have not been 
discerned, as randomly selected 
parameter values do not exhaust all 
possible combinations’, and the use of 
unequal constraints for different tropic 
levels prohibits tests of qualitative 
instability. Natural selection may drive a 
community towards a restricted region of 
parameter space where mathematical 
stability is realised”. 

An alternative explanation is that the 
community models are inadequate. 
Coincident with Pimm and Lawton’s pre- 
dictions, the instability of these webs is 
apparently the result of high connectance 
(percentage of non-zero elements in the 
interaction matrix), reflecting the 
presence of many omnivores. In fact, both 
of Askew’s webs include omnivores whose 
alternate prey occupy widely separated 
trophic levels. This is the most destabilis- 
ing form of omnivory according to Pimm 
and Lawton. If these webs are in fact 
stable, perhaps the constraints on selec- 
tion of interaction magnitues are biolo- 
gically unrealistic, as the other stability 
pan (connectance, number of 
species) are observed quantities. It has 
been demonstrated that as the range of 
constraints is narrowed, implying lower 
interaction intensities, the probability of a 
random community exhibiting stability 
increases. The host switching of many 
parasitoids and the concomitant unequal 
use of alternate hosts suggests that a nar- 
rower range of constraints should be used 
for some of the parasitoid-host inter- 
actions. 

The problems associated with the 
community models may involve more 
than just the determination of actual 
interaction intensities and their linearity. 
“Two assumptions underly the models and 
the resultant stability analyses. First, 
communities are considered to be 
definable closed systems uninfluenced by 
immigration and chance extinction. 
However, real communities are dynamic 
entities. The delineation of ecologically 
meaningful boundaries of a community 
-can be critical to stability analysis as some 
unstable communities are comprised of 
several stable subunits'’. Furthermore, 
Levin'' has demonstrated that immigra- 
tion and spatial heterogeneity can pro- 
foundly influence community stability. 
The second assumption is that the inter- 
actions we are attempting to estimate, 
competition or predation, are responsible 


for both the population dynamics of the 
species comprising the community and its 
organisation. Many predators, particu- 
larly parasitoids, can greatly influence the 
abundance of their prey as evidenced by 
successful implementation of biological 
control, but their role in community 
organisation is less clear. Similarly, the 
role of competition in structuring com- 
munities and controlling species abun- 
dances is a hotly contested issue’? 
Therefore, in light of the current lack of 
understanding of the determinants of 
community organisation, I question the 
predictive value of community modelling 
and mathematical stability analyses. 
I thank Daniel Simberloff, Stan Faeth 
and Donald Strong for their comments. 
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LAWTON AND PIMM REPLY— 
Auerbach has overzealously applied an 
extremely simple model; Lotka-Volterra 
equations do no more than capture the 
shadow of real biological interactions. We 
used such models to generate qualitative 
predictions', and deem it extremely 
unwise to attempt more quantitative fits to 
real webs. However, this does not mean 
that our hypotheses cannot be tested. 
Our main qualitative prediction was 
that omnivory has a destabilising influence 
on food webs, the more so when predators 
are bigger and rarer than their prey, and 
have a large per capita effect on the things 
they eat. We were deliberately cautious in 
assessing this prediction, noting simply 
that it was ‘encouraging’ to find very 
complex webs in the real world in exactly 
those situations predicted by the models, 
that is amongst insect host—parasitoid 
interactions. More detailed analyses 
confirm that insect food webs do have 
significantly more omnivory than other 
webs’. Indeed none of several interesting 
qualitative predictions yielded by simple 
Lotka-Volterra models** are refuted by 
data from real food webs’. To test our 
hypotheses further, we would prefer to see 
whether these qualitative predictions still 
hold when the major assumptions of the 
models are changed, rather than try to 
force unmodified Lotka~Volterra equa- 
tions beyond their sensible limits. For 
example, if incorporating spatial hetero- 
geneity reverses our predictions (making 
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omnivory easier to achieve in non-parasi- 
toid than parasitoid webs), then our 
results are a nonsense. We doubt whether 
any of the refinements listed by Auerbach 
will have this effect. 

Far from refuting our models, Auer- 
bach’s analysis confirms our conclusion 
that omnivory is destabilising: it is much 
easier to find stable solutions for simple 
webs than it is for complex ones. At 
present, we see no evidence for claiming 
that the majority of persistent natural 
populations are best described by model 
analogues that are inherently unstable*” 
However, the detail needed to stabilise 
the models depends on the nature and 
rigour of the questions being asked. 
Auerbach suggests several possible 
reasons why his Lotka—Volterra models of 
real food webs are always unstable. 
Undoubtedly higher order interactions’* 
(which do not violate the assumptions of a 
local stability analysis, but make non- 
equilibrium behaviour difficult to predict), 
the precise choice of parameter values (we 
put webs into the correct relative ranking: 
the numbers themselves were guessed, not 
measured, and may well have been wrong 
in detail?) and spatial heterogeneity are all 
important. The effects of spatial hetero- 
geneity, in particular, must be 
incorporated before models can 
accurately predict observed levels of host 
depression by parasitoids’. (For a wide 
range of models of varying levels of 
complexity, yielding insights with 
different degrees of rigour, see ref. 10.) 

However, Auerbach’s note is valuable 
in drawing attention to biological details 
that must be important in determining the 
fine structure of food webs. Viewing webs 
as static entities with fixed links is no more 
than a crude beginning’. The concept’? 
of webs ‘resonating’ between different 
configurations, each of low complexity, 
may well provide a valuable theoretical 
starting point for more sophisticated 
analyses. 

We thank Mike Hassell and Simon 
Rallison for comments. 
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scattering method (widely implemented for molecules and 
solids using the approximations of “muffin-tin” potentials and 
overlapping atomic spheres). 
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Department of Industry, Teddingten. 


The Principles of Interferometric Spectroscopy is a basic text 
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computational procedures of this now widely applied 
technique. A general historical background and description of 
the various experimental methods used is given in the 
introductory chapter, while chapters two, three and four cover 
the fundamental mathematical ideas and devices required. The 
application of these ideas to applied spectroscopy is dealt with 
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Basis for an ethical system 


Stuart Sutherland 





Beast and Man: The Roots of Human 
Nature. By Mary Midgley. Pp. 377. 
(Harvester Press: Brighton, Sussex, 1979.) 
£7.50 


Beast and Man has been widely praised by 
the litterateurs who contribute to the book 
pages of the surviving intellectual weeklies. 
It is a long, rather rambling book, in which 
it is difficult to discern a clear connected 
argument. Its main aim seems to be to 
establish a secure basis for ethics. Mary 
Midgley argues that, like other animals, 
man has many inborn drives: these drives 
‘can only come to fruition within the 
context of a culture. She argues that what is 
good for man must depend upon the nature 
of his motives: moral reasoning consists of 
the attempt to harmonise conflicting 
emotions and to give priority to those 
which are most deeply ingrained in our 
nature. It will be a comfort to scientists that 
she believes the scientific study of human 


nature can assist in making ethical 


decisions by revealing more about man’s 
true nature. A second theme running 
through the book is that we are part of the 
Animal Kindgom and of the Universe and 
that one principle of morality is that man 
should have respect for other animate 
beings and indeed for the inanimate 
universe. 

In preparing the ground for her own 
thesis, she assails previous views of the 
nature of goodness, but she frequently 
seems to espouse the mistakes of which she 
accuses others. For example, she attacks 
Aristotle for arguing that the ultimate 
human value must be the development of 
that function which is unique to man and 
not shared by other animals. She rightly 
remarks that ‘‘it must be shown separately 


that this differentia is itself the best human . 


quality, that it is the point where humanity 
is excellent as well as exceptional”. Yet 
later in the book she writes: “Should we 
therefore say that everything we want is 
good? In a minimal sense this is 
right...but...we must go further...because 
of a competition amongst our various 
wants. What is good in a stronger, more 
considered sense must be wanted not just 
by someone’s casual impulse, but by Aim as 
a whole’’ {her italics]. The meaning of 
“him as a whole’’ is obscure, but supposing 


it were to turn out — as it might — that 
hatred for outgroups was an inborn human 
characteristic, she would seem to be 
committed to the proposition that it was 
thereby good. Edward Wilson has 
emphasised that the mechanism of 
evolution depends on the selection of genes 
that survive and she criticises him for 
erecting the survival of the individual gene 
into a principle of morality, but she herself 
seems to be committing the same fallacy in 
arguing that whatever is an essential part of 
human nature must be good. 

When she wishes to recommend a given 
course of action she tells her readers that it 
is “‘natural’’. She believes that: ‘‘Respect 
for other forms of life is certainly a natural 
feeling. It is not a mere inclination, it is a 
feeling that we must not destroy certain 
things — and one that is not isolated, but 
forms part of our central system of 
standards”, She provides no arguments to 
show that this feeling is any more natural 
than delight in wanton cruelty; nor does 
she provide criteria for deciding that 
something is natural nor even attempt any 
clear definition of what the word means. 
The fact that something forms part of the 
‘‘central standards” of some people can- 
not automatically make it good: many 
societies have as part of their central system 
of standards a belief in the duty to avenge 
themselves and their families for slights. 

Much of her book seems to be based 
almost on word play. For example, she 
insists that the word ‘‘rational’’ is used not 
merely to describe the behaviour of some- 
one who makes the correct moves in solving 
intellectual problems, but also the be- 
haviour of someone who acts consistently 
from a well harmonised set of emotions. 
Her point about the use of language is 
right, but it does not seem to advance her 
argument and it is not clear that it is any 
more difficult. to harmonise a set of bad 
motives than a set of good ones. 

She frequently embarks on arguments 
that look promising, but they tend to peter 
out. For example, she uses a cunning 
analogy to attack one of Wilson’s argu- 
ments: he believes that understanding how 
ethical systems have evolved and how our 
reasoning about morality is controlled by 
the nervous system will throw light on the 
nature of ethics. She points out that 


discovering how the workings of the brain 
enable us-to. do mathematics will not. 
illuminate the nature of mathematics: to 
understand that we must understand the re- 
lationship between numbers, how mathe- 
matical proofs work, and the standards by 
which to judge the correctness of a 
mathematical calculation or proof. But she 
makes no attempt to explain what the stan- 
dards are that are used in moral argument 
or decision making. It is easier to agree 
about the canons of mathematics than to 
resolve a disagreement about ultimate 
goals. 

Although the book as a whole is both un- 
satisfactory and unsatisfying it does 
contain nuggets of robust common sense, 
many of which are well put even if they are 
not entirely new. For example, in arguing 
for the continuity of man and the Anirnal 
Kingdom, Mary Midgley points out that we 
often project our own evil on to animals 
and use a double. standard in evaluating 
their behaviour and our own. It is 
unreasonable:to despise the fox who kills 
hens for sport more than those who fide to 
hounds. Again, she points out that we 
cannot abnegate from instilling a culture 
and norms in our children — an adult who 
tries to adopt a.non-committal position 
and tells the child he need not accept a par- 
ticular ideal until-he is old enough to judge 
for himself is in effect saying “I do not take 
this seriously and nor need. you” and:is 
likely to instil norms of “timidity, 
shiftiness, and dilettantism’’. She proposes 
a sensible if slightly vague resolution of ie 
Wilson’s dilemma over how altruism EE 


towards unrelated members of the same _ 


species may have originated: it. may have 
been built on filial and parental instincts, 





and indeed affectionate gestures between 


adults mimic those made by. Parents. to 
children and children to parents. __ 

In view of her obvious sincerity and high- 
mindedness and the importance. of. the 
endeavour, it is a pity. Mary. Midgley has 
not produced a more cogent and. carefully 
argued book, but most previous attempts 
to establish a secure basis for an-ethical 


system have proved equally unsuccessful. 








Stuart Sutherland i is Professor of Experiin al 
EAE at the ee an Se $ 
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Protein denaturation 
Physicochemical Aspects of Protein Den- 
aturation, By S. Lapanje. Pp 331, (Wiley: 
Chichester, UK, and New York, 1978.) 
£19.50. 


THERE has been no significant, full-length 
review of protein denaturation since 1970. 
Although many fundamental principles 
had been laid at the time, there has been a 
steady advance in the detailed 
understanding of denaturation in the inter- 
vening years. Further, the biological and 
industrial significance of conformational 
change and stability is more widely 
appreciated today, and more chemists, bio- 
chemists and physicists are ready to devote 
time and energy to rigorous studies of the 
dynamics of protein structure. The field of 
protein denaturation has a distinguished 
history, starting with Ramsden’s 
observation in 1902 that ‘‘a dead frog 
placed in saturated urea solution becomes 
translucent and falls to pieces in a few 
hours’’. Anfinsen’s thermodynamic 
hypothesis of folding, the concept of 
limited pathways, quantification of 
protein stability, the hydrophobic inter- 
ation and prediction of tertiary structure all 
owe something to denaturation studies, 
and many of these areas are still under 
active study. 

This monograph sets out to survey the 
physicochemical basis of denaturation and 
therefore leaves the reader to apply the 
fruits of this approach to his own field of 
work and interest. Methods appropriate 
for studying denaturation are described; in 
each case a self-contained account of the 
fundamentals is given, with examples 
taken from conformational studies on 
proteins and polypeptides and references 


to recent reviews for further detail. Tech- 


niques include hydrodynamic, optical, 
light scattering, NMR and hydrogen 
exchange, although calorimetry, 
surprisingly, considering the author’s 
interest, is given only passing mention. 
The largest section of the book 
comprises a survey of experimental results 


obtained with a range of perturbants 


including heat, pH change, urea and 
guanidine, inorganic salts, organic 
solvents, and detergents. This draws 
together a wealth of detail from the 


| literature and enables the reader to 


compare the different and frequently 
rather specific effects of these modes of 
denaturation. The results are well illus- 
trated with data from original papers. It 
is useful to have the literature presented 


objectively and without the constraint of a 


particular theoretical viewpoint. 

The chapter on the thermodynamics of 
denaturation, an aspect to which the 
author has made significant contributions, 
contains a good discussion of the two-state 
hypothesis and an up to date account of 


| calorimetric studies and of the thermo- 


dynamics of thermal denaturation. 
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Although it is mentioned in several places 
that the denatured states may differ 
depending on the mode of perturbation, | 
could find no discussion of the dependence 
of derived thermodynamic parameters on 
the definition of the denatured state. Also, 
the values of n in the relationship 
Kip = Ac” surely range wider than 12 to 
20 — probably a misprint. The interpreta- 
tion of biphasic kinetics of unfolding and 
refolding of proteins in terms of the proline 
isomerisation model is a particularly hot 
issue at the present moment and the short 
chapter on kinetics of denaturation 
provides a useful background to the 
various ways in which such experiments 
have been treated. This leads into a final 
chapter dealing more with interpretation of 
kinetic and thermodynamic experiments, 
particularly with respect to the mechanism 
of folding of globular proteins and the 
nature of the interactions of denaturants 
with proteins. As regards the latter, the 
author seems to favour the direct binding 
of urea molecules to a protein as a driving 
force in denaturation, and it is an 
interesting exercise to try and fit an alter- 
native explanation to the results he quotes 
purely in terms of change in water 
structure. 

This monograph is valuable as an 
unusually well organised survey of a 
massive literature. | found it stimulating, 
not because of strongly argued personal 
ideas, but because of the creative 
apposition of the different experimental 
approaches and interpretations which have 
been used in this field. It is, however, 
encouraging to find that his thermo- 
dynamic hackles are capable of being 
roused when his basic convictions are 
challenged (see p295). This review is 
valuable also in that the author emphasises 
the complexity of deriving and assigning 
thermodynamic parameters from systems 
as complex as proteins in multicomponent 
solvents. 

The book is well produced and well 
illustrated. The index contains the 
reviewer’s favourite enzyme but omits 
‘two state transition’’. One is enormously 
impressed by the feat of writing (over 300 
pages) in what is, to the author, his third 
language. Only occasionally is there a mis- 
placed and, very occasionally, a misleading 
nuance. Most of these are so obvious that 
in more happy and responsible days one 
might have expected the publisher to have 
brought them to the author’s attention. 
The duplication of equation 2-26 and the 
confusing layout of Table 4.4 also fall into 
this category. Nevertheless, this is a 
monograph that will be an essential 
reference work for all those concerned with 
the stability and dynamics of proteins and 
provides excellent value for money. 


Roger H. Pain, 
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Roger H. Pain is Professor of Physical Bio- 
chemistry at the University of Newcastle upon 


Tyne, UK, 


-NEW TITLES IN THE EARTH SCIENCES- 


A Dynamic Stratigraphy of the 
British Isles 


R. Anderton (U. of Strathclyde), P. H. Bridges 
(Derby College of H.E.), M. R. Leeder (U. of Leeds) and 
B. W. Sellwood (U. of Reading) 


Stratigraphy is a topic of central importance in any scheme of 
geological studies. but it has long been regarded:-as being dull and 
overburdened with tedious detail. This book draws onthe latest findings 
from offshore exploration and on the contributions of the various Earth 
sciences in an attempt to break the traditional mould. ft presents the 
geological evolution of a part of the Earth’s crust as an illustrated 
description of events ~ a truly fascinating story. 


CONTENTS. Part one THE CRUSTAL FOUNDATIONS. Part two 
THE IAPETUS OCEAN AND THE BUILDING OF THE 
CALEDONIDES. Part three THE NORTH ATLANTIC CON. 
TINENT AND HERCYNIAN CONTINENTAL MARGIN. Part four 
THE BRITISH ISLES ON THE EUROPEAN CONTINENTAL 
MARGIN, 


246 x 189mm, 320 pages. 203 line drawings, 4 photographs. £7.95 net 
paperback (0 04 551028 8). £15.00 net hardback (0 04 551027 X). 
September 1979. 


Geology for Civil Engineers 
A. C. McLean and C. D. Gribble (U. of Glasgow) 


Geology for civil engineers aims to provide civil engineering under- 
graduates with the geology they need. and to avoid spurious claims on 
their time with much that may be of geological interest but little engineer- 
ing relevance. The authors hope to meet the professional need to 
appreciate the nature of soils and rocks and their distribution below 
ground surface, and to comprehend and understand the engineering 
significance of geological reports. 

CONTENTS. Introduction: Minerals and rocks: Superficial deposits 
(soils): The distribution of rocks at. and below, the surface: Sub-surface 
(ground) water: Geological exploration of an en gineering site: Rocks and 
civil engineering: The principal geological factors affecting certain 
engineering projects. 


234 x 156mm, 320 pages. 110 line drawings. 25 photographs, £5.95 net 
paperback (0 04 624002 4). £11.00 net hardback (0 04 624001 7). 
August 1979, 


The Interpretation of Igneous Rocks 


K. G. Cox (U. of Oxford), J. D. Bell (U. of Oxford) and 
R. J. Pankhurst (British Antarctic Survey) 


The interpretation of igneous rocks is u nique among books on igneous 
petrology in showing how data derived from petrographic, geochemical 
and field studies can be used in the formulation and testing of petro- 
genetic hypotheses. and in dealing with methodology as an important 
aspect of igneous petrology. 


CONTENTS. Fractionation in igneous processes: Compositional vari- 
ation in magmas: Phase diagrams — introduction: Ternary systems — |: 
Ternary systems with solid solutions: The interpretation of two-element 
variation diagrams: Petrographic aspects of volcanic rocks: Quaternary 
systems: Experimental work on natural basaltic and allied rocks: Water- 
bearing rock systems: Compositionally zoned magma bodies and their 
bearing on crystal settling: Petrographic aspects of plutonic rocks: The 
interpretation of data for plutonic rocks: Trace elements in igneous 
processes: The use of isotopes in petrology. 


234 x 156mm, 464 pages. 175 line drawings. 23 photographs. £8.95 net 
paperback (0 04 552016 X). £18.00 net hardback (0 04 552015 D. 
September 1979. 
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Invertebrate Palaeontology and 


- Evolution 


E. N. K. Clarkson (U. of Edinburgh) 


This major new textbook deals comprehensively with all the main- 


groups of invertebrate fossils and introduces evolution and palaeoe- 
cology largely in the context of a systematic treatment of taxa which 
continues to be the essential basis of undergraduate studies. 


CONTENTS. Part one GENERAL PALAEONTOLOGICAL CON- 
CEPTS: Principles of palaeontology: Theory of evolution: Origin and 
early diversification of metazoans. Part two INVERTEBRATE 
PHYLA: Sponges, archaeocyathids and stromatoporoids. Cnidarians: 
Bryozoans: Brachiopods: Molluscs: Echinoderms: Graptolites: 
Arthropods: Exceptional faunas. 


246 x 189mm. 336 pages. 164 multi-component line drawings, 23-photo- 
graphs. £7.95 net paperback (0 04 560008 2). £15.00 net hardback 
(0.04 560007 4), September 1979. 


Petrology of the Metamorphic Rocks 
(Textbook of petrology, vol. 3) 
Roger Mason (University College, London) 


This ts a long-awaited introduction to metamorphic petrology which. 
in common with its companion volumes. emphasises a petrographic 
approach, The presentation of petrography in relation to modern under- 
standing of metamorphism stands in contrast with most of the other 
books on the subject. 


CONTENTS. Part one METAMORPHIC ROCKS IN THE FIELD: 
Metamorphism and metamorphic rocks: Field relations of metamorphic 
rocks: Description and identification of metamorphic rocks in the field, 
Part wo METAMORPHIC ROCKS UNDER THE MICROSCOPE: 
The chemical and mineralogical compositions of metamorphic rocks: 
Contact metamorphic rocks: Dynamic metamorphic rocks: Regional 
metamorphic rocks of Precambrian shield areas: Regional metamorphic 
rocks of Palaeozoic orogenic belts. I: Regional metamorphic rocks of 
Palaeozoic orogenic belts, IH: Regional metamorphic racks of Cainozoic 
orogenic belts: Metamorphic rocks of the ocean floor: Metamorphic 
rocks of the upper mantle. Part tiree METAMORPHIC ROCKS IN 
THE LABORATORY: The study of metamorphic reactions: lsotope 
geology of metamorphic rocks: Electron-probe mucroanalysis: Meta- 
morphic rocks and the evolution of the Earth. 


234 x [S6mm. 272 pages. [18 line drawings. £5.95 net paperback 
(004 502014 3). November 1978, 


Petrology of the Sedimentary Rocks, 
6th edn (Textbook of petrology, vol. 2) 
J. T. Greensmith (Queen Mary College, London) 


This is a completely revised. reorganised and more concise edition of a 
widely used textbook. Emphasis is placed upon the classification and 
description of modern and ancient sediments, and the wider contexts of 
their origin. transport. deposition and distribution are also introduced. 
A firm base is thereby provided from which to proceed to more advanced 
sedimentology texts. | 

CONTENTS. Introduction. Fragmental deposits: Transportation: 
Sedimentary structures: Rudaceous deposits: Arenaceous deposits: 
Argillaceous deposits; Limestones: Magnesian limestones and dolo- 


mites: Siliceous deposits: Ferruginous deposits: Carbonaceous deposits; 


Phosphatic deposits: Evaporites, 

234 x [Somm. 244 pages. 92 line drawings, 13 photographs. £5.95 net 
paperback (0 04 552012 7). £1.00 net hardback (0 04 552011 93, 
October 1978. 
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Semiconductors 
textbook 


Semiconductors. Second edition. By 
R. A. Smith. Pp. 523. (Cambridge 
University Press: Cambridge, New 
York and Melbourne, 1978.) Hardback 
£27.50; paperback £8.95. 





THe publication of a second impression 
of any major textbook provides an 
indication of its value: its publication 
twenty years after the original edition 
in a field that had been developing very 
rapidly over most of this period gives 
further proof of the lasting value of 
the treatment which has not dated 
significantly. When R. A. Smith’s book 
appeared in 1959 it provided the most 
detailed text on the then new and 


rapidly developing subject of semi- 
conductor physics, with special 
emphasis on transport and optical 


properties. Now that the subject has 
reached what might be called mature 
age, the new edition is to be welcomed 
as a continuation of this tradition, 
with some significant modifications in 
order to introduce new topics and to 
update the bibliography. With the 
avowed intention of keeping the total 
volume constant, this was not an easy 
task, and the author may be 
congratulated on having, on the whole, 
succeeded rather well. As one part of 
the adopted strategy the reader is 
increasingly referred to the other 
major text by the same author, Wave 
Mechanics of Crystalline Solids 
(Chapman and Hall: London, 1961) 
and this means that the student will 
find the use of two textbooks more 


imperative than with the original 
edition. 
The layout of material departs 


significantly from the original, partly 
to accommodate the additional subjects 
and partly to streamline the treatment. 
The first four chapters on elementary 
properties, energy levels, impurities 
and carrier concentration remain 
virtually unchanged, The original very 
extensive chapter on electron transport 
has been altered in several respects, 
one of which is the omission of the 
Boltzmann equation as the basis for the 
treatment of transport theory-—~in this 
reviewer's opinion, a retrograde step 
at the level aimed at in the book. 
Scattering mechanisms and high field 
effects are relegated to separate 
chapters and a new section is intro- 
duced on conduction at very low 
temperatures. Optical and high- 
frequency effects have been significantly 
expanded, the behaviour in high 
electric fields has been coupled with 
that in high magnetic fields to take 
account of recent advances, including 
the important transferred electron 
phenomena and carrier freezeout. 


* 


The original chapter dealing with the 
determination of semiconductor pro- 
perties has been removed; and the 
chapters describing the properties of 
elemental and compound semiconduc- 
tors have been shortened into one, no 
doubt on the reasonable basis that the 
volume of information on properties 
of semiconductors is so vast that it 
requires reference to specialist texts 
for any but the most elementary data. 
Instead, we have a short chapter on 
band structure and the effective mass 
approximation describing some recent 
developments such as the LCAO and 
the k.p methods and the psuedopoten- 
tial. Another new chapter on “Some 
special topics” deals with excitonic 
molecules, electron-hole droplets, 
polarons and polaritons, tunneling in 
heavily doped materials, and the tun- 
nelling spectroscopy and laser action 
in semiconductors, among others. The 
book closes with another new chapter 
on amorphous semiconductors provid- 
ing a brief outline of this topic on a 
mainly descriptive basis. 

The bibliography has been brought 
up to date in some of the more 
important respects but there is no 
pretence of giving complete listings 
which would become rapidly dated. 

The overall impression is a very 
favourable one: this is still one of the 
most authoritative and comprehensive 
texts on this subject in one volume, 
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Standard reference 
work on the 
plastids 


The Plastids. Their Chemistry, Struc- 
ture, Growth and Inheritance. Second 
edition. By J. T. O. Kirk and R. A. E. 
Tilney-Bassett. Pp. 960. (Elsevier/ North 
Holland /Biomedical: Amsterdam, New 
York and Oxford, 1978.) Dfi337; 
$149.75. 
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Tue first edition of The Plastids has 
become something of a standard refer- 
ence book. Because of the great 
advances which have taken place since 
this first edition was published, it was 
already beginning, after only a decade, 
to show its age. The authors have there- 
fore undertaken a complete revision of 
their work, and the new enlarged 
edition contains a vast amount of addi- 
tional information not earlier available. 
Each chapter now begins with a useful 
summary which allows the reader to 
find his way quickly and easily through 
the book. 

The present volume attempts to 
cover the whole plastid literature, and 


825 


with a very detailed treatment of trans- 
port and optical properties and with a 
less detailed discussion of the band 
structures and of other physical pro- 
perties of semiconductors. There is no 
significant discussion of any semicon- 
ductor devices, again on the reasonable 
assumption that this would make the 
text either much too long or too 
superficial, 

One criticism of the presentation is 
the relatively inefficient use of dia- 
grams: the information content of 
many of these is low for their size and 
some are too closely similar to repre- 
sent real value-——-for example, Figures 
13.3 and 13.4 giving the temperature 
dependence of the forbidden gap in 
germanium and in silicon. More 
economy in this respect would have 
permitted the inclusion of a wider 
range of information. 

These are, however, minor criti- 
cisms of an otherwise excellent text 
which will continue to provide the 
basis of both undergraduate and post- 
graduate lecture courses and will 
represent a useful general reference 
text. The price, especially of the paper- 
back edition, is very reasonable and 
the presentation is excellent through- 
out. 

A. K. Jonscher 





A. K. Jonscher is Professor of Solid-State 


Electronics at Chelsea College, University 
of London, UK. 


therefore necessarily goes over much 
of the same ground as previously. The 
text is first class and references to new 
work are included as appropriate. The 
figures and diagrams contain much new 
material clearly set out. But I was 
greatly disappointed by the re-use of 
many old electron micrographs; in 
view of the rapid advances which have 
taken place in electron microscopical 
studies of plastids since 1968 I suspect 
that many of the authors credited with 
the pictures used would have welcomed 
the chance to offer new micrographs 
of material treated by more modern 
methods of fixation. The quality of 
printing of the micrographs, in spite of 
the glossy paper used and in view of the 
remarkably high price of the book, is 
generally poor and indistinct and many 
of the pictures lack the contrast which 
the originals undoubtedly possessed. 
The pictures carried forward from the 
first edition seem to have suffered most 
in this respect. 

Part I, Chemistry, Structure and 
Function of Plastids, is greatly enlarged 
and now comprises chapters 1-12 
(pp.1-250), an increase of 160 pages. 
This part of the book will be of great 
value to someone wishing to have a 
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good general summary of the properties 
of chloroplast proteins, lipids and pig- 
ments and an account of the fine 
structure of the different plastid types. 
There are also excellent short chapters 
on chloroplast permeability and photo- 
synthesis. Dr Kirk is to be congratu- 
lated on the excellence of the summary 
of the new biochemical material and 
the development of ideas which he 
presents in this section. 

Part II discusses the “Inheritance 
and Genetic Behaviour of Plastids”’ and 
is written by Dr Tilney-Bassett (chap- 
ters 13-22, pp.251-521). The form of 
presentation has obviously been com- 
pletely rethought. New material has 
been incorporated, some old material 
discarded and a major rearrangement 
has been carried out. The new data on 
plastid mutagens and the causes of 
mosaic variegation are particularly 
valuable and the problem of sorting out 
of plastids is examined well. The origin 
and stability of chimaeras is discussed 
adequately, although the description 
demands a prior knowledge of the 
ontogeny of the shoot apex. The sec- 
tions dealing with the reasons for the 
stability of periclinal chimaeras and for 
the existence of mericlinal chimaeras 
are acceptable but are sufficiently 
important to warrant a more extended 
treatment in the context of a discussion 
of plastid behaviour in higher plants. 
However, an expert who already knows 
the sort of details he is looking for is 
very likely to find them in this as in 
other sections, and the comprehensive 
subject, taxa and author indexes, will 
guide him well. 

Chapter 22, which concludes Part TI, 
is a completely new one which describes 
plastid inheritance in Chlamydomonas. 
It is a particularly helpful chapter and 
brings into focus the insight which the 
use of a unicellular plant can give to 
critical studies on extra-nuclear genes. 
As Chlamydomonas can be grown in 
accurately controlled conditions, it 
can be conveniently subjected to pre- 
cise experimental manipulations; this is 
of particular importance in studying 
the expression of such genes. 

Part ITI, written by Dr Kirk. 
examines the “Biochemical Basis for 
Plastid Autonomy and Plastid Growth” 
(chapters 23-28, pp.525--862). While 
keeping to the same general form of 
the first edition, it includes a mass of 
new information. For example, the 
section on biosynthetic capabilities now 
runs to 100 pages against a previous 30, 
an indication of an area of most rapid 
development in the past decade. 
Throughout Part ITI great care has 
been taken to ensure a good balance in 


the presentation. The whole topic of 


chlorophyll synthesis has now been as- 
sembled in one unit in the new volume, 
as opposed to the scattered treatment 
it received in the first edition, and de- 
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tails of modern work on the synthesis 
of 6-aminolaevulinic acid and its con- 
version to protochlorophyll are in- 
cluded. In the past decade much 
information on nucleic acids and pro- 
tein synthesis has been obtained and 
this is well discussed in chapter 26. The 
section on plastid development (chap- 
ters 27 and 28) has been expertly up- 
dated. 

Part IV (chapter 29, pp.875-894) 
gives us the benefit of the authors’ 
joint views of the directions in which 
future research may be expected to 
proceed. The coverage of references 
generally is good up to 1976, but the 
immense work of printing such a 
a large volume means that the litera- 
ture between 1976 and 1978 (date of 
publication) has of necessity had to be 
largely ignored. It is therefore satisfy- 
ing to note that the literature already 
contains papers on several of the topics 
outlined jointly by the authors in 
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Techniques at 
low temperature 


Experimental Techniques in Low-Tem- 
perature Physics. Third edition. By 
G. K. White. Pp. 331. (Clarendon, 
Oxford University Press: Oxford 1979.) 
£15. 


GENERATIONS of graduate students (in- 
cluding the present reviewer) were 
brought up on earlier editions of Guy 
White’s book, which for years re- 
mained the only available supplement 
to the unwritten body of lore handed 
down by one’s predecessors and super- 
visor and colleagues. It is a detailed ex- 
position of the how of experimental 
physics at low temperatures: how to 
attain the low temperature, and how 
to measure it when you have got it; not 
only how to set about designing cryo- 
genic apparatus, but also how to 
translate the design into a functioning 
and (one hoped) leakless reality. The 
third edition has been reworked more 
thoroughly than its predecessor, and is 
the better for it. Some of the less used 
sections have been pruned to make 
way for new material reflecting the 
growing emphasis on work below 1 K, 
and the whole book has generally been 
brought up to date. 2 

The eleven chapters deal in succes- 
sion with the production and storage 
of liquefied gases, heat exchangers, 
thermometry, heat transfer, tempera- 
ture control, cryostat design, cooling 
with “He, adiabatic demagnetisation, 
vacuum techniques, and with the phy- 
sical properties of solids at low tem- 
peratures. There are substantial appen- 
dices giving tabular data on: vapour 
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Part IV. 

This edition of The Plastids is more 
readable than the earlier edition, but 
it is definitely not for beginners. How- 
ever, workers in this very wide field 
will find an immense store of informa- 
tion and references to the literature. 
For such a large book there are re- 
markably few printing errors and gram- 
matical inexactitudes, The efforts of 
revising The Plastids has been well 
worthwhile; the volume is very impres- 
sive. So too, unfortunately, is the price, 
which will put it beyond the grasp of 
all but the most dedicated of research 
workers. It will, however, find a proper 
place on library shelves in departments 
of biochemistry and plant sciences 
throughout the world. 

F. R. Whatley 


F. R. Whatley is Sherardian Professor of 
Botany at the University of Oxford, UK. 


pressures of cryogenic liquids; platinum 
resistance and thermoelectric thermo- 
metry; relevant physical properties of 
elements at room temperature; electri- 
cal resistivity; and on the thermal con- 
traction and thermal conductivity of 
typical constructional materials. There 
is an extensive (and international) list 
of suppliers of the cryogenic equip- 
ment, components and materials re- 
ferred to in the text. 

White’s book no longer stands alone, 
of course; there are also, for example, 
the admirable little text Low Tempera- 
ture Laboratory Techniques by A. C. 
Rose-Innes (English Universities Press: 
London, 1973), as well as the excellent 
but more specialised works by O. V. 
Lounasmaa (Experimental Principles 
and Methods Below |] K; Academic: 
London, 1974) and by D. S. Betts 
(Refrigeration and Thermometry Below 
One Kelvin; Sussex University Press: 
Brighton, UK, 1976); but it probably 
remains unique in the amount of useful 
practical detail which is included, and 
in covering so wide a sweep of low 
temperature physics and engineering. 

It is a pleasure to welcome the third 
edition of Experimental Techniques in 
Low Temperature Physics, and to com- 
mend it to a new generation of research 
workers, It is readable, it is packed 
with ideas and information culled from 
laboratories all over the world, and it 
has an extensive and up-to-date bibli- 
ography. It is a book which every de- 
signer or user of low temperature 
apparatus will wish to have at his 
elbow. 

P. V. E. McClintock 


P. V. E. McClintock is Senior Lecturer in 
the Department of Physics at the Univer- 
sity of Lencaster, UK. 
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newly on the market 





Ion chromatograph. The Dionex Model 16 
chromatograph permits analysis of electro- 
lytes in physiological fluids. Determination 
of serum phosphate and sulphate levels is 
useful in the monitoring of patients under- 
going kidney dialysis treatment. Ion chro- 
matography has been shown to be a power- 
ful tool in monitoring these levels. 
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Pansorbin cells, Calbiocheni-Behring. 
Pansorbin cells are a preparation of killed 
and hardened cells of Staphylococcus 
aureus, Cowan 1 strain, which bear a 
coating of immune globulin-binding 
protein A on the surface. One milligram of 
cells will bind a minimum of 12 ug of 
human IgG. Some preparations will bind as 
much. as 20 ug of human IgG per mg. 
Pansorbin cells are provided ina 10% w/v 
suspension of packed cells in PBS buffer 
containing sodium azide as a preservative. 
The suspension is stable under 
refrigeration at 4°C for at least 4 months. 
Pansorbin cells can be ordered in 1 g, 10 g 
or 50 g quantities. 
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Several of the products described on these pages | 
| will be exhibited at the Xib International | 
Congress of Biochemistry, which will be held in 
Toronto in July. If you would like more details of 
these and other products described here, circle the 


appropriate number on the enquiry card bound 
inside the cover. 


scheint cetera 
Evaporator-Concentrator. Savant Instru- 
ments have introduced a new evaporator 
~concentrator, the Speed Vac concen- 
trator, which yields virtually 100% sample 
recovery with eluates, hydrolysates, 
extracts and dialysed solutions. 
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Restriction endonucleases. Bethesda Re- 
search Laboratories. The Concepkit I: 
restriction endonucleases from BRL 
provide an opportunity to introduce 
molecular biology to the student labor- 


atory.. The Concepkit I is designed for the 


execution. of five separate experiments 
illustrating concepts such as the 
recognition. specificity of restriction 
endonucleases and physical analysis of 
DNA structure and organisation. 
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Size exclusion chromatography system. Du 
Pont. Fast, accurate, low-cost molecular 
weight distribution (MWD) analysis of 
polymers and resins is made possible with 
the Du Pont high performance size 
exclusion chromatography (HPSEC) 
system, which gives precise information on 
the MWD of a material. By quickly and 
accurately separating molecules according 
to their size, the HPSEC system enables 
polymer analysts to plot an MWD.curve. 
Most analyses can be performed in 
minutes. 
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Glucose-enzymatic assay. Bio-Rad 
Laboratories have introduced a glucose- 
enzymatic assay for use in an ultraviolet 
micro procedure that is specific for the 
quantitative determination of glucose in 
serum, plasma, cerebrospinal fluid and 
urine. The procedure is based on a coupled 
enzyme method and utilises hexokinase 
and glucose-6-phosphate dehydrogenase. 
The assay is rapid, sensitive and accurate. 
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Ninhydrin reagent kit. Pierce. Nin-Solve is 
a most convenient way to prepare an 
ethylene glycol monomethyl ether-based 
ninhydrin reagent solution, The Nin-Solve 
kit includes two components needed to 
prepare a ninhydrin reagent working 
solution; one is 900 mi of a ninhydrin 
containing Piersolve-sodium acetate 
buffer solution, the second is a measured 
ampoule of titanous chloride. Add the 
titanous chloride to the ninhydrin solution 
following the simple directions and the 
working reagent is ready. Nin-Solve is ideal 
for amino acid analysers which contain I-l 
ninhydrin reagent reservoirs. With Nin- 
Solve you also have the option of preparing 
just the amount of ninhydrin reagent you 
need. 
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Micro-protein dialysis concentrators. Bio- 
Molecular Dynamics. A selection of 
negative pressure micro-protein dialysis 
concentrators are now available from Bio- 
Molecular Dynamics. These are self- 
contained systems that can simultaneously 
dialyse and concentrate up to 1,200-fold, 
with 90 % recovery, completely 
unattended. Different models, including 
autoclavable units, provide a selection of 
predetermined, quantitative final volumes 
from 50 to 1,000 pl. 

Circle No.100 on Reader Enquiry Card. 


inserm 





Ultrasonic dismembrator. Dynatech. As 
well as providing highly efficient cell 
disruption in a wide range of biological, 
medical and associated research fields, the 
300-W solid state ultrasonic dismembrator 
from Dynatech Laboratories is powerful 
enough to drive general purpose cleaning 
tanks and pipette cleaners. This ultrasonic 
unit can also be used to accelerate chemical 
reactions by ensuring a closer association 
of the reacting agents. 
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Biotin/avidin system. Vector Laboratories 
is introducing a new line of biochemicals 
and immunochemicals which utilise the 
principle of the biotin—avidin interaction. 
The most recent products are 14 different 
biotinylated lectins, and avidin conjugates 
such as fluorescein-avidin, rhodamine- 
avidin, ferritin-avidin, horseradish 
peroxidase-avidin and agarose-bound 
avidin, Also available are biotinylated anti- 
bodies to immunoglobulins from a variety 
of species and a custom biotinylation 
service. 
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Multi-wrist shaker. Lab-Line Instruments 
has introduced the No. 3587 multi-wrist 
shaker. This has been designed to simulate. 
hand mixing from very gentle shaking to 
vigorous agitation. A solid state speed 
control assures accurate continuous 
regulation and reproducibility of speeds. 
The electronic timer is calibrated in 
minutes for preset timing up to | h and has 
a separate setting for continuous 
operation. The heavy cast iron body is 
specifically designed to eliminate creeping 
when properly loaded. Eight three- 
fingered clamps are positioned on side 
arms to accommodate flasks, jars, bottles 
or test tubes. 
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APPOINTMENTS VACANT 


UNIVERSITY 
OF HONG KONG 


LECTURESHIP/ 
ASSISTANT LECTURESHIP 
IN GEOGRAPHY 


Applications are invited for a post of 
Lecturer/Assistant Lecturer in 
Geography. Applicants should possess a 
good honours degree in Geography with 
postgraduate experience in Population 
Studies and in Cartography. Preference 
will be given to candidates with research 
and teaching experience in China or Japan 
and Korea. 

Annual salaries (superannuable) are: 
Lecturer HK$63,540 x 4,260 to 72,060 BAR 
76,320 x 4,260 to 106,140; Assistant 
Lecturer HK$46,260 x 4,320 to 59,220. 
(£1 = HK$10.55 approx). Starting salary 
will depend on qualifications and 
experience. 

At current rates, salaries tax will not 
exceed 15% of gross income. Housing at a 
rental of 74% of salary, education 
allowances, long leave and medical benefits 
are provided. 

Further particulars and application 
forms may be obtained from the 
Association of Commonwealth 
Universities (Appts), 36 Gordon Square, 
London WCIH OPF, or the Assistant 
Secretary (Recruitment), University of 
Hong Kong, Hong Kong. Closing date for 
applications is 15 August 1979. 
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PLANT BREEDING 
INSTITUTE 
Maris Lane, Trumpington, 
Cambridge CB2 2LQ. 
HIGHER SCIENTIFIC 
OFFICER/SENIOR 
SCIENTIFIC OFFICER 


CYTOGENETICS DEPARTMENT 
A research worker with experience in plant 
cytogenetics/cell biology is required for 
three years to participate in and be 
responsible for parts of a programme 
funded by the Ministry of Overseas 
Development to study the cytogenetics and 
cell biology of endosperm development 
and grain quality in cereals with special 
attention to grain shrivelling in wheat-rye 
genotypes including triticale. 

Candidates should have a Ist or upper 
2nd class honours degree in an appropriate 
biological science and at least two years 
postgraduate experience in plant 
cytogenetics/cell biology or related 
research, 

The appointment will be as Higher 
Scientific Officer (£4,101 to £5,448 per 
annum) or Senior Scientific Officer (£5, 144 
to £6,898 per annum), At least four years 
relevant postgraduate experience is 
required for appointment as Senior 
Scientific Officer. : 

Applications with curriculum vitae and 
names and addresses of three referees 
should be sent to the Assistant Secretary 
(Establishment), quoting reference 
ODM /47, by 27 July 1979, ~~ -2279(A) 
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UNIVERSITY OF 
NOTTINGHAM 


PHYSICS OF AIR 
POLLUTION DISPERSION 


A graduate in physics, environmental 
science or engineering is required to join a 
team studying the influence of sulphur 
dioxide on crop growth. The successful 


applicant will investigate the turbulent 


dispersion of SO, in. the lower atmosphere 
using a computer-controlled acquisition 
system which he will establish at a field site, 
Experience in computer programming. 


and/or field work would be useful. The 


research project is supported by the 
Department of the Environment for three 
years. A suitably qualified applicant may 
register for a higher degree. 

Salary on the scale £3,689 to £4,232 pa. 

Application with curriculum vitae and 
names and addresses of two referees should 
be sent as soon as possible to Dr M. H. 
Unsworth, Environmental Physics Unit, 
University of Nottingham, School of 
Agriculture, Sutton Bonington, Nr 
Loughborough, Leics. LER SRD. 
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UNIVERSITY OF ZAMBIA 


Applications are invited for the following 
posts in the SCHOOL OF MEDICINE: 


a) PROFESSOR in Surgery 


b) ASSOCIATE PROFESSOR/ 
SENIOR LECTURER in 
Microbiology/Parasitology 


c) CHIEF TECHNICIAN 
in Anatomy 


For posts a and b candidates should have a 
good academic qualification and 
considerable experience in their fields of 
specialization. For the post of Chief 
Technician, candidates should have either 
a degree (Life Science), HNC in Medical 
Laboratory Technology, City and Guilds 
of London Institute in conjunction with 
IST or Science Laboratory Technician 
Advanced Certificate with at least $ years 
experience in Histological or Anatomy 
Techniques. 

Salary scales: Professor K8,616 to 9,135 
pa, Associate Professor K8232 to 8,616 pa, 
Senior Lecturer K7,608 to 8,016 pa, Chief 
Technician K5,316 to 6,324 pa (£1 sterling 
*K1.65). The British Government may 
supplement salaries as follows, posts a) and 
c} in range £4,182 to 6,042 pa (sterling) for 
married appointees and £1,986 to 3,456 pa 
(sterling) for single appointees; for post b) 
in range £4,350 to 5,154 pa (sterling) for 
married appointees and £1,968 to 2,568 pa 
(sterling) for single appointees (reviewed 
annually and normally free from tax) and 

‘provide childrens education allowances 
and holiday visit passages. 

Detailed applications @ copies) with 
curriculum vitae and naming 3 referees to 
be sent direct to the Registrar, University of 
Zambia, PO Box 2379, Lusaka, Zambia by 
14 August 1979. Applicants resident in the 
UK should also send one copy to Inter- 
University Council, 90/9} Tottenham 
Court Road, London WIP ODT. Further 
details may be obtained from either 
address, 2344({A)} 
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UNIVERSITY OF DUNDEE 
Applications, from candidates who hold or 
are about to obtain a good Honours degree in 
Biochemistry or related subject, are invited 
for appointment as 4 


RESEARCH ASSISTANT 


tf work wih Dr. P. R, Baker, in the 
University Department of Surgery al 
Ninewells Hospital and Medical School, ana 
study of the effects of cholestasis an cellular 
transport and protem binding af bile salts by 
the liver, 

The appointment is supported by a SHHD 
grant and will be available for three years 
irom | September 1979, or some other agreed 
date. Initial salary at an appropriaic point 
within the range £3,689 po £4,232 t1o be 
reviewed from I October 1979), 
Superannuation under USS. Possibility of 
regisirauion for a higher degree. 

Applications, quoting Reference 
EST /84/79) and containing full details af 
qualifications and experience and the names 
of three referees, should be ser to The 
Secretary, The University, Dundee DDI 
4HN by Ilh July, 1979. Informal enquiries 
may be made to Dr. P. R. Baker, Department 
of Surgery, Ninewells Hospital and Medical 
School, Dundee. INMA) 


(212) 765-5758 
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UNIVERSITY OF 
EDINBURGH 
Grant Institute of Geology 
SENIOR TECHNICAL 
OFFICER 


Required to assist with the development of 
geochemical analytical techniques and with 
the routine instrumental analysis of 
geological materials, The equipment 
available comprises XRF, XRD, electron 
microprobe, AA (flame and flameless), C-N 
elemental analyser and a well-equipped wet- 
chemical laboratory, Routine analytical 
duties will involve preparation of materials, 
setling up and operating analytical 
equipment and the computer processing of 
data using computer programs already 
written. The post will involve working with 
and instructing academic staff and research 
students. Experience in one or more of the 
above or related analytical techniques would 
be an advantage. Qualifications required are 
HNC or equivalent. Salary on the scale 
£3,984 to £4,758 p.a. (ander review) REF: 
NS259. 

Application forms can be obtained from 
the Personnel Office, University of 
Edinburgh, 63 South Bridge, Edinburgh 
EHI ILS. Telephone 031-556 2930. 
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Microbial Biochemist 
for Fermentation 
Development 


The Fermentation Development Department based at the Worthing 
site is concerned with the development of fermentation and 
enzymatic processes for the production of antibiotics and related 
substances. As a result of proposed expansion, a Microbial 
Biochemist is required to join a multi-disciplinary team working on 
all aspects of industrial fermentation processes. 


Applicants should possess a good honours degree in Biochemistry 
or Microbiology preferably with some post-graduate experience. 


The position requires an innovative approach combined with an 
ability to organize the work of one or two technical assistants. 


The normal large company benefits will apply, and if you are 
interested you should write to, or telephone, Mr A D Caws, Senior 


Personnel Officer, 


Beecham Pharmaceuticals, Clarendon Road, 


Worthing, West Sussex, BN14 8QH — Telephone (0903) 39900) 


Extension 233 — for an application form. 


Beecham 
‘eae Pharmaceuticals mm 
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EUROPEAN SCIENCE FOUNDATION 


EUROPEAN TRAINING 
PROGRAMME 
in 
BRAIN AND BEHAVIOUR 
RESEARCH 


TRAINEESHIPS 


Traineeships of three, six or rarely nine months are 
offered to promising young scientists working in the 
area of brain and behaviour research in order to 
broaden their skills and knowledge in a field other 
than but related to their own. The grants are given to 
allow them to learn a particular technique abroad 
for which training is not offered in. their own 
country. The trainee is expected to return to her/his 
original post upon termination of her/his training so 
that her/his institute will in turn be able to benefit 
from newly acquired skills. 


All applications have to be accompanied by a letter 
of recommendation by the sending institute and bya 
letter of acceptance from the receiving institute. 
Preference is given to post-docs under the age of 35. 


TRAVEL GRANTS 


Travel grants are awarded to allow young research 
workers to visit another laboratory in connection 
with an on-going research project or to participate in 
international meetings and symposia. In addition 
special grants are to be awarded to students to 
enable them to take part in the yearly meetings of the 
European Neuroscience Association (ENA) which 
this year will take place in Rome on September 
10-14. 


Applications should be accompanied by letters of 
recommendation from the sending institute and of 
invitation from the institute to be visited. Applicants 
should be postgraduate research workers with the 
exception of applications to attend the yearly ENA 
meeting. In this particular case preference is given to 
postgraduate students. 


The deadline for completed applications is March 15 
and September 15. Further information and 
application forms may be obtained from: 


Dr Stephanie Zobrist 

European Science Foundation 
European Training Programme in 
Brain and Behaviour Research 

1, quai Lezay Marnésia 

F-67000 STRASBOURG 
FRANCE 

Tel: (88) 35 30 63 


Telex: 890440 — W187(A) 





Nature Vol. 279 28 June 1979 


Lancashire 








County Council 
COLLEGE OF AGRICULTURE 


SCIENCE DEPARTMENT 
APPOINTMENT OF LECTURER 


Applications are invited for the post of lecturer in the Department of Sciences. The 

duties will involve lecturing in Agricultural Chemistry, Animal Nutrition and 

related topics to a range of certificate and diploma courses as well as assisting in soil 
: science and nutrition laboratory classes. 

‘Candidates preferably should have an appropriate degree qualification or be 
completing such a course this Summer. 

Salary to be within the Burnham Scales for staffs of Farm Institutes Grade LA 
£3,192 to £5,334 (under review), the starting point dependent on approved 
qualifications and experience. 

Further details and application forms, which should be returned within 14 days 
of the appearance of this advertisement, may be obtained from the Principal 
Agricultural Officer, Lancashire College of Agriculture, oe Hall, 








IMPERIAL CANCER RESEARCH 
FUND 


TECHNICIAN/ 
RESEARCH OFFICER 


(i) required to assist in our Membrane 

Physiology Laboratory on projects involving 
the regulation of cellular metabolism and 
growth. Experience of cell culture 
techniques, column chromatography and gel 
electrophoresis desirable. Two years 
experience in a biochemistry laboratory 
essential, Reference MPI. 
(2) to work in the Tumour Virus Genetics 
Laboratory on projects involving the analysis 
of nucleic acids of mammalian cells and 
viruses and the molecular cloning of 
eucaryotic genes. Experience in the 
preparation and standardisation of 
restriction enzymes, cell culture techniques, 
nucleic acid purification and gel 
electrophoresis would be desirable. 
Reference TVG}, 

HNC or Degree in biological science, but 
schoolleavers with two science ‘A’ levels may 
be considered. Salary range £3,600 to £5,250. 
For further information and application 
form write or telephone, quoting the above 
reference, to Miss 5, M. Hurley, Imperial 
Cancer Research Fund, Lincoln's tan Fields, 
London, WC2 on 242 0200 ext. 305. 

234M A) 


UNIVERSITY OF 
NEWCASTLE 
UPON TYNE 


DEMONSTRATOR IN THE 
DEPARTMENT OF PSYCHOLOGY 


Applications are invited for a post of 
DEMONSTRATOR 


in the Department of Psychology tenable 
for a period of three years. Applicants 
should have a good honours degree in 
psychology, and eb a postgraduate 
qualification. Some knowledge of 
computing would be an advantage. The 
person appointed would be expected to 
organise and share in the running of 
practical classes and also to undertake 
some tutorial teaching. 

Salary will be at an appropriate point on 
the Grade 1B (Bar) scale £3,775 to £5,488 
per annum operative from ist October 
1979, according to age, qualifications and 
experience. Membership of the 
appropriate University superannuation 
scheme will be required, 

Applications, giving full details of age, 
qualifications and experience, together 
with the names and addresses of two 
referees, should be sent to the Head of the 
Department of Psychology, The 
University, Newcastle upon Tyne NEI 
7RU not later than 13th July 1979. Please 
quote reference N. 2356A) 


Bilsborrow, Preston, PR3 ORY. Telephone: BROCK (0995) 40611 









| 2286(A) 






UNIVERSITY OF BRADFORD 


2 Year FIXED TERM 
LECTURESHIP 
in Physics 
Applications are invited from suitably 
qualified physicists for the above post 
commencing October 1979. The research 
interests of the School of Physics He in 
Physical Electronics and Nuclear Structure 


Physics; applicants should be qualified to 
pursue research im one of these fields. 
Consideration given to applicants 
completing a PhD this summer. Salary within 
the range £4,232 to £8 442 per annum (under 


review), Further details and application 
forms (Qo be returned by 13 July 1979). 
te ite fram the Registrar, Post Ref. 
PY/L/28/X, University of Bradford BD? 
IDP. 

2300 A} 


UNIVERSITY OF 
MANCHESTER 


DEPARTMENT OF CHEMISTRY AND 
ARTIFICIAL KIDNEY UNIT, 
Withington Hospital 


RESEARCH FELLOW 


Applications invited from postdoctoral 
analytical chemists with a strong interest in 
medical research for a joint 
medical/chemical research programme on 
trace metal uptake through artificial 
kidney machines. The work will involve 
chemical analysis of aqueous and clinical 
samples for trace metals, by flameless 
A.A.S., and fundamental research into 
metal ion transfer across dialysis 
membranes; it will demand a high level of 
scientific ability. Experience of similar 
work is desirable. Starting salary in the 
range of £4,333 to £5,199 pa. 
Superannuation. Contract period 2 years, 
starting as soon as possible. Further details 
from Dr. J. P. Day, Department of 
Chemistry, University of Manchester M13 
9PL (phone 061-273 7121 ext 5374), to 
whom applications with full curriculum 
vitae should be sent as soon as possible. 
2310(A) 


THE MIDDLESEX 
HOSPITAL MEDICAL 
SCHOOL 
(University of London) 
Department of Biology as Applied to 
Medicine 
A Research Assistant is required to work on 
the development of the mouse mammary 
gland with reference to invasiveness. The 
appointment would be for two years 
starting from October 1, 1979. While 
experience in cell biology would be an 
advantage, applications from recent 
graduates would be welcomed. Salary 
according to age and experience, up to 
£5,304 p.a. including Londen allowance. 
Applications, together with the names of 
two referees to Professor L. Wolpert, 
Department of Biology as Applied to 
Medicine, The Middlesex Hospital Medical 

School, London WIP6DB. 232A) 
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The research organisation of Synthela’ bo, a 


0, an Internationally. recognized European 
Pharmaceutical Group located in Paris requires a | 


SENI ICOLOGIS 





To lead a team responsible for various 
department of Biology. 


projects within a developing toxicology group in the 


The high success rate and rapid growth of this pharmaceutical group is related to the quality of people they 
employ and their continued commitment to research and development. 


Applicants can be either male or female and 
toxicology and preferably with industrial ex 


with relevant experience will also be considered for the 


Candidates should possess a 


the GLP regulations for Toxicology. 


A realistic salary can be expected and relocation as 
All applications will be treated in the 


following address: 


Synthelabo 58 Rue De La Glaciere 75013 Paris 


MEAT RESEARCH 
INSTITUTE 


SCIENTIFIC OFFICER 


A vacancy exists in the Protein Section of 
the Meat Structure Division. 

The project involves the study of 
enzymes capable of producing a 
‘tenderizing effect.on meat. 

` The person who fills the post will be 
substantially responsible for studying the 
effect of neutral proteinases and should 
therefore be capable of working 
independently. 

The .work will involve protein 
fractionation techniques and enzymology, 
and experience in this field would be an 
advantage. 

Qualifications: Degree in a relevant 
subject. Previous experience in protein 
chemistry and enzymology desirable. 

Salary: £2,839 to £4,415. Starting salary 
depending on qualifications and 
experience, (Salaries are subject to review.) 

Permanent, pensionable post. 
Application forms and further details from 
Personnel Officer, Meat Research 
Institute, Langford, Bristol BSI8 7DY. 
Closing date for return of application 
forms July 12, 1979. 2348(A) 





POSTDOCTORAL 
POSITIONS IN VANCOUVER 
Positions are currently available for studies 
on 1) the control of phosphatidylcholine 
biosynthesis in animals and 2) interactions 
between animal viruses and cell 
membranes. Stipends begin at 
$12,200/annum, Apply with Curriculum 
Vitae, list of publications and names of 3 
referees to Dr. Dennis E. Vance, Dept. 
Biochemistry, Univ. of British Columbia, 
Vancouver, BC V6T IW5 Canada. ; 

. WI192(A) 


KENYATTA UNIVERSITY 
COLLEGE — KENYA 


Applications are invited for the post of 
ASSOCIATE PROFESSOR 
in the DEPARTMENT OF ZOOLOGY 


Applicants must have a PhD in Zoology 
together with high level experience in 


University teaching and research, The |’ 


appointee will be expected to teach 
undergraduates, supervise the work of 
post-graduate students and carry out 
personal research. Applications will be 
considered from persons specializing in any 
area Of Zoology. The areas of 
specialization already represented in the 
Department are Ecology, Marine Biology, 
Freshwater Biology, Parasitology and 


Immunology, Arthropod Biology, |f 


Physiology, Ichthyology, Developmental 
Biology and Mammalogy. Salary scale: 
Associate Professor: K£3,864 to £4,488 pa 
(KEI = £1.28 sterling). The British 


Government may supplement salaries by 


£5,784 pa (sterling) for married appointee 
and £3,876 pa (sterling) for single 
appointee (reviewed annually and normally 
free from tax) and provide childrens 


education. allowances and holiday visit | 


passages. Family passages; FSSU or SSSF: 
non-contributory medical scheme: 
subsidized housing/housing allowance: 
various allowances. Detailed applications 


(2 copies) with curriculum vitae and |. 


naming 3 referees to be sent direct to 


Registrar, Kenyatta ‘University College, |. 
PO Box 43844, Nairobi, Kenya by 12 |.) 
August 1979. Applicants resident inthe UK |- 


should also send one copy to Inter- 
University Council, 90/91 Tottenham 


Court Road, London WIP ODT. Further |.. 


details may be obtained from either 
address. = BIHA) 








should be a PH.D with at least 5 years post-doctoral experience in 
perience as well. Suitably qualified veterinarians and pharmacists 


good working knowledge of French and English and should also be conversant with 


sistance will be available together with other financial benefits. 
strictest confidence and should be sent directly to Mr J. Brault at the 


W198(A) 


AGRICULTURAL RESEARCH COUNCILS 
POULTRY RESEARCH CENTRE __ 
KING’S BUILDINGS WEST MAINS ROAD 
EDINBURGH EH9 3JS SCOTLAND 


NEUROPHYSIOLOGIST 


Applications are invited for the post of HSO/SSO in the Ethology Department of 
the above Centre. The post is for a neurophysiologist to investigate the responses of 
alimentary.receptors in relation to the control of food intake in poultry. The work 
will involve a study of receptors at the peripheral level using electrophysiological 
recording techniques. The work may be extended at alater date into the central 
nervous system, Applicants should have training in neurophysiology and an 
interest in sensory physiology and animal behaviour. (Ref. No. 799). 
Qualifications: First or upper second class honours degree in an appropriate 
subject with at least two years relevant postgraduate experience and preferably 
with a PhD. Entry at SSO level requires at least 4 years postgraduate experience. 
Salary: In scale £4101 to £5,448 at HSO level and £5,154 to £6,898 at SSO entry. 
(Salaries currently under negotiation)..Entry at the higher level requires at least 4 
years post-graduate experience. Non-contributory superannuation scheme. 22 
days annual leave plus 1014 public/privilege holidays. 114 % of salary is to be paid 
towards the Widows and Childrens Fund. pine i 
Application forms can be obtained from the Secretary at the above address. These 
forms should be completed and returned not later than 31st July 1979 quoting our 
reference number. er oo . = eo 
Z2BH A). 


KING’S COLLEGE HOSPITAL MEDICAL SCHOOL 
(University of London) Denmark Hill, London SES 8RX 
JUNIOR MEDICAL LABORATORY í 
SCIENTIFIC OFFICER “B’ 


required for the Chest Unit in this Medical School. Work will involve contact with | 


patients and assisting doctors with research into diseases of the lung. i 
Minimum requirements, 5 ‘O" levels, 4 in Science subjects including maths, day 
release available. Post suitable for school leaver. port ns 
Salary according to age, qualifications and experience. — 


i z + * se + į 


_ Applications, in writing, giving full details should be sent to the Secretary of the - | 
Medical School at the above address. Closing date 13th July 1979. a, 





Challenging opportititiés for ¥ Jung | 

. qualified physicists exist at Hinkley: Point 

. Power Station. The station situated on the 

` Somerset coast near Bridgwater, in fine 

_ countryside, has four power reactors on the 
site which provide a wide range of technical, 
operational, engineering and safety 
problems. Applications are invited from 
recently qualified physicists, mathematicians 
or engineers to join a team dedicated to the 
solution of those problems. 


We are looking primarily for young newly 
qualified staff for whom the salary. would be 
in the range 


7 ‘ 


E experience would: be ‘eonsidlered for 2 a ‘more. | 
“senior post-within a salary range ` H 





£5375 to £7050 


A self financing productivity payment is also 
payable and the salary scales are currently 
under review. 


Terms and conditions are excellent and 
fringe benefits include relocation assistance 
where appropriate. 


If you are interested please write for an 


application form AF/1 from the Personnel 


Manager, Bedminster Down, Bridgwater 





£4110 to £6035 


but suitable applicants with some relevant 


South Western Region 





Leeds Area Health Authority (Teaching) Western District 
_ RESEARCH OFFICER (EPIDEMIOLOGY) 

Research Officer (Scientific Officer Grade) is required to assist with 
studies of aetiology and distribution of lymphomas and leukaemias in 
the Yorkshire Region. 
The study would be conducted from Leeds and involve the officer in 
interviewing and data analysis work ina variety of hospitals throughout 
Yorkshire. Applicants should have a broad education either in 
epidemiology, biology or social sciences and should possess a higher 
degree or have previous experience of population studies. The post 
which is currently available is for one year in the first instance renewable 
for a further two years. 
Further particulars can be obtained from Dr. R.A. Cartwright, 
Yorkshire Regional Cancer Organisation, Cooridge Hospital, Leeds. 
Tel. Leeds 673411. 
The salary will be on the Scientific Officer scale (N.H.S.) £3,486 to 
£4,275 per annum. 
Applications obtainable from the Sector Personnel Officer, Leeds 
General Infirmary, Great George Street, Leeds LS] JEX: 


Closing date 16th July, 1979 2297A} 


MRC CLINICAL RESEARCH CENTRE 
(NORTHWICK PARK HOSPITAL) | 
WATFORD ROAD, HARROW, MIDDX. HA13UJ 
We require a PhD Pharmacologist and a Technician with a BSc 
or HNC both with experience in experimental cancer 
chemotherapy or in evaluating toxicity of antitumour drugs. 


The work, supported by a national institutes of health contract 
awarded to Dr. G..Gregoriadis is related to the use of Liposomes 
in cancer chemotherapy. The appointment will be for two years 
on a salary scale from £3,883 to £6,080 pa plus £502 LA. 
Application form may be obtained from Mrs. J. Tucker-Bull, 
01-864 5311 ext. 2685. Please quote. ref. di 1/1/2/NIH, Closing 


date July 14th, 1979. “2328(A) . 


Road, Bristol B513 8AN. Please complete 
and return quoting vacancy number 
R106/79/ N. 


Central Electricity 
Generating Board £ 






ef London Sw? 2BY. 












2359(A} 


IMPERIAL COLLEGE 
UNIVERSITY OF LONDON 


DEPARTMENT OF CHEMICAL 
ENGINEERING AND CHEMICAL 
TECHNOLOGY 
Applications are invited for the following 
position: Research Officer to work with the 
materials technology research group under 
the direction of Professor J. R. A. Pearson. 
The group is engaged in experimental and 
theoretical work on polymer chain 
dynamics (using relaxation, light scattering 
and computer simulation methods), 
polymer rheology, polymerisation reactors 
and polymer processing operations. 
Applicants should have a PhD in physical 
chemistry, physics or chemical 
engineering, previous experience with 
polymers being an advantage. Initial salary 
in range £4,250 to £7,145 pa plus £502 

London allowance. 

All applications, including a curriculum 
vitae and the names of two referees, should 
be sent to DrK. E. Bett, Department of 
Chemical Engineering, Imperial College, 
2272(A) 


`” CHARING CROSS HOSPITAL 
> MEDICAL SCHOOL 
-` (University of London) 
LECTURER IN ANATOMY 


Applications are invited for the above post. 
Candidates should possess a medical 
qualification or a higher degree in 


El Anatomy or a cognate subject and special 


consideration will be given to those with an 


| interest in neuroanatomy. 


- Salary on non-clinical Lecturer stale: i, e, 


| £4,232 (£4, 776 at age 26 or over) —~ £8, 452 
< p.a. plus £502 London Weighting 


Allowance. 
Applications in writing with names and 


addresses of two referees to The Secretary, 
_ Charing Cross Hospital Medical School, 
The Reynolds Building, St. Dunstan’s 


Road, London W6 8RP, by 23rd July. 
(Ref: 016/8) 2353(A) 
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MEDICAL 
RESEARCH COUNCIL 
VIROLOGY UNIT ENZYMOLOGIST 


PROTEIN a 
an 
NUCLEIC ACID 
BIOCHEMIST 


Two vacancies exist for postdoctoral 
research scientists. with experience in 
enzymology/protein biochemistry or 
nucleic acid biochemistry to work on a 
variety of molecular biological problems 





| bas involving Herpes Simplex Virus and other 
= mammalian virus systems. 


Previous experience with virus systems is 
advantageous but not essential. 

The appointment will be for three years. 
Salary on an appropriate point on Grade 2 
of the non-clinical scientific staff scale. 
Applicants should send a Curriculum vitae 
giving full details of qualifications and 
experience ari the names and addresses of 
three professional referees to: Professor J. 
H. Subak-Sharpe, Institute of Virology, 
University of Glasgow, Church Street, 
GLASGOW, Gil SFR, by ist August, 
1979. RIMA) 


KENYATTA UNIVERSITY 
COLLEGE — KENYA 


_ Applications are invited for the post of 


ASSOCIATE PROFESSOR IN THE 
DEPARTMENT OF CHEMISTRY. 
Candidates must have a PhD in Chemistry 


` and consierable teaching experience at 
~ University level, at least at Senior Lecturer 


level. Further qualifications in Education 
or experience in the training of graduate 
teachers would be advantageous. The 
appointee will be expected to teach in the 
BEd and MSc programmes and to carry out 
and. supervise research in his/her areas of 
specialisation. He/she will also be expected 
to be capable of providing academic and 
administrative leadership in the 
department. Salary scale: Associate 
Professor K£3,864 to £4,488 pa, (K£I 
sterling = £1.28). The British Government 
may supplement salary by £5,784 pa 
(sterling) for married appointee or £3,876 
pa (sterling) for single appointee (reviewed 
annually and normally free of all tax) and 
provide children’s. education allowances 
and holiday ‘visit passages. Family 
passages; subsidized housing: SSSF or 
FSSU: non-contributory medical aid 
scheme. Detailed applications (2 copies) 
with curriculum Vitae and naming 3 
referees should be sent by airmail to the 
Registrar, Kenyatta University College, 
PO Box 43844, Nairobi, Kenya by 13 
August 1979, Applicants resident in the UK 
should also send one copy to Inter- 
University Council, 90/91 Tottenham 
Court Road, London WIP ODT. Further 
details may be obtained from either 
address, 2298(A) 


CARDIOTHORACIC INSTITUTE 
LONDON 
Applications are invited for: two posts:- 
. (1) Postdoctoral 
(2) Recent graduate. 

Appointments supported by a grant 
from the Multiple Sclerosis Society for a 
three year period to study mechanisms of 
cell accumulation and the action of drugs 


- on this process, with particular reference 


to experimental allergic encephalitis. The 
work will involve. in vivo experiments on 
cell accumulation, utilizing isotopic 
techniques recently developed in this 
laboratory. The graduate assistant can ex- 
pect to be involved in extensive animal 


handling. The graduate appointee would 


be encouraged to register for a PhD. The 
postdoctoral appointee may be eligible for 
nomination to a lectureship in immuno- 


_ pharmacology. 


For further information contact Dr J. 
Morley On 01-352 8121 Extn. 4194. 

Please apply to Mr R.A, Perkins, Car- 
diothoracie Institute, Fulham Road, SW3 
6HP with details of experience. 2365(A) 
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UNIVERSITY OF 
RHODESIA 
LECTURESHIPS/SENIOR 
LECTURESHIPS 


Applications are invited for the following 
posts: 


BOTANY; Applicants must have a 
relevant first degree and, preferably, a 
postgraduate qualification and relevant 
experience. Competence in one or more of 
the following fieids will be advantageous: 
Anatomy and Morphology; Microbiology 
and Plant Physiology. 
CHEMISTRY: The Department has 
lectureship vacancies in Physical and in 
Inorganic Chemistry. Applicants must be 
suitably qualified with university or 
research experience. In addition the 
Department has responsibility for courses 
in Pharmaceutical Chemistry for B, 
Pharmacy degree students and, therefore, 
special interests or experience in 
pharmaceutical or medical applications of 
Chemistry would be an advantage. 
COMPUTING SCIENCE: Applicants 
must have qualifications and experience in 
Computing Science. A knowledge of 
statistical methods will be an advantage. 
CROP SCIENCE — SCHOOL OF 
AGRICULTURE: Applicants must have a 
relevant first degree and, preferably, an 
appropriate higher degree. and relevant 
experience in Crop Science. 
ELECTRICAL AND MECHANICAL 
ENGINEERING: Applications are invited 
from persons with Engineering Degrees 
and postgraduate experience for 
Lectureship posts in: (a) the Department of 
Electronic and Power Engineering 
(experience desirable in Electronic Power 
Systems, Electrical Machines and 
Electromagnetics); (b) the Department of 
Mechanical Engineering (Experience 
desirable in Thermodynamics, Heat 
Transfer and Mechanical Design). 
Subject to University permission 
earnings up to a specified limit per annum 
for consultancy may be retained in full in 
addition to basic salary. 
ZOOLOGY: Applicants must have a 
relevant first degree. A higher degree and 
postgraduate experience is desirable, 
Preference may be given to applicants with 
competence in one or more of the following 
fields: Vertebrate Zoology; Terrestrial 
Ecology; Genetics and Parasitology. 
SALARY SCALES AND CONDITIONS 
OF SERVICE, 
Salary (Approx. Stg. Equiv.): 
Senior Lecturer £7,088 x275 to 
£7,913 x 292 to £9,373 p.a. 
Lecturer Grade I £6,429 x 242 to £7,397 


p.a. 
Lecturer Grade If £3,969x208 to 
£5,009 x 242 to £6,219 p.a. 

Commencing salary according to 
qualifications and experience. Family 
passages and allowances for transport of 
effects, Installation Grant and Installation 
Loan; Sabbatical Leave and Contact 
Visits; Superannuation and Medica! Aid 
Schemes. For persons recruited from 
outside Zimbabwe-Rhodesia, unfurnished 
accommodation on or near the Campus 
and close to good junior and senior 
schools, is guaranteed for up to three years. 

Appointments may be on permanent 
pensionable terms or fora fixed term of 1 or 
2 years in the first instance. In the case of } 
or 2 year contracts a non-pensionable 
salary is payable on the above scales plus a 
10% supplement. 

At present, immigrants and persons on 
temporary contract, are exempted from 
military service for two years from the date 
of their arrival in Zimbabwe-Rhodesia. 

Further particulars and details of 
application procedure may be obtained 
from the Association of Commonwealth 
Universities (Appts), 36 Gordon Square, 
London WCIH OPF, = 

Closing date for the receipt of 
applications is 18 July 1979. 

British subjects considering applying for 
posts in Rhodesia are urged to consult the 
Foreign and Commonwealth Office 
{telephone 01-233 8727) or their nearest 
British Consular Office. 2318(A) 


Hagens 








IRNAN REO Ra 


ENT 


KNOW-HOW-vital to developing countries 





Rice Agronomist 


Tanzania 


Required to work in Southern Tanzania with responsibility for executing a rice research 


programme. Will be 


provide the main sou 


stationed at Naliendele Agricultural Research Institute and will 
rce of professional advice on rice production with priority being 


given to the areas selected for inclusion in the Tanzania/ British Joint Programme. Will 
be assisted by a Field Officer and two Field Assistants provided by the Ministry of 
Agriculture and will directly supervise their work. Will also advise on a suitable staff 
training programme, including in service and overseas training. At least five years 
experience of irrigated rice production and experimentation required. . 
Appointment 2 tours of 1 year. Salary (UK taxable) in senior range above £10,000 pa 
plus tax-free overseas allowances in range £1,400 to £3,570 pa and £380 to £760 pa (Ref 


331X} 


The post is wholly financed by the British Government under Britain's 
programme of aid to the developing countries. In addition to basic salary and: 
overseas allowances other benefits normally include paid leave, free family 
passages, childrens education allowances and holiday visits, free 
accommodation and medical attention. Applicants should be citizens of the 


United Kingdom. 








UNIVERSITY OF KEELE 


DEPARTMENT OF GEOLOGY 
Departmental Demonstratorships 
Applications invited for two full-time posts 
of Demonstrator from Ist October 1979, 
for one year in first instance, to assist with 
teaching of all aspects of Geology at an 
elementary level together with advanced 
courses in fields specified below. 
Postgraduate and/or industrial experience 
and a current British driving licence would 

be advantageous. 

Post (a) Demonstrator in mineralogy, 
igneous and metamorphic petrology and 
map work. 

Post (b) Demonstrator whose major 
interest is in clastic or carbonate 
sedimentology. 

Initial salary £3,774 on Grade 1B scale, 
with membership of the Universities 
Superannuation Scheme. 

Further details and application forms 
from The Registrar, The University, Keele, 
Staffs., STS 5BG, to whom application 
forms should be returned not later than 
Friday 6th July 1979. (Previous applicants 
are notrequiredtore-apply.} 2278(A} 





UNIVERSITY OF DURHAM 
DEPARTMENT OF BOTANY 
Applications are invited from candidates 
with biochemical experience for the post of 
Senior Experimental Officer tenable from 
} October 1979. Duties include both 
demonstrating and research plus 
responsibility for the operation of some 
physiological and biochemical equipment. 

Salary on Range 1A £4,333 to £7,521 pa 
plus superannuation. 

Applications (3 copies), naming three 
referees should be sent by 4 July to the 
Registrar and Secretary, Science 
Laboratories, South Road, Durham, DHI 
3LE, from whom further particulars may 
be obtained. 2275(A) 





For full details and application form please apply, quoting reference stating 
post concerned, and giving details of age, qualifications and experience ta: — 


Appointments Officer. 

OVERSEAS DEVELOPMENT ADMINISTRATION, 
Room 301, Eland House, 

Stag Place, London SWIE 5DH. 


HELPING NATIONS HELP THEMSELVES tom 


(Aj 





© STRO AUSTRALIA 


Postdoctoral Research Fellow 
Division of Mineral Chemistry 
Port Melbourne Victoria 


CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 7,000 
employees — 2,400 of whom are research and professional scientists 
— located in Divisions and Sections throughout Australia, 

GENERAL: The Division conducts research in the fields of solid- 
state and surface chemistry, metallurgy and electrochemistry. The 
research program on high energy density batteries for traction 
applications is being expanded under sponsorship from the National 
Energy Research, Development and Demonstration Council. : 

DUTIES: To participate in a research program to develop nickel- 
zinc secondary batteries. > 

QUALIFICATIONS: A PhD or equivalent in a-relevant area of 
chemistry or chemical engineering. Experience in electrochemistry or 
battery technology would be an advantage. | a 

SALARY: Research Scientist A$15,422 to A$18,904 p.a. 
__ TENURE: The appointment will be for 2% years with a possibility 
of extension. . 

Applications IN DUPLICATE, stating full personal and professional 
details, the names and addresses of at least two professional 
eo and QUOTING REFERENCE NUMBER 601/307 should 
reach: — | 

The Personnel Officer, Australian Scientific Liaison Office, , 
Canberra House, 10-16 Maltravers Street, London WC2R 3EH, by 
27th July, 1979. . 

Applications in USA and Canada should be sent to: — The 
Counsellor Scientific, Embassy of Australia, 1601 Massachusetts 
Avenue, N.W., Washington, D.C., 20036, U.S.A. 3 = 

l — 2362 











Applications are invited from eed pharmacologists for the following 
positions which have arisen within the highly successful cardiovascular sections of 
our Pharmacology Department. 


1. A Graduate or PH.D. Pharmacologist 


is required to lead a small team of technicians developing continuous recording 
techniques in conscious animals, in order to study the haemodynamic effects of new 
drugs. The successful candidate will be a skilled practical worker and will have at 
least 3 years’ experience of cardiovascular techniques, preferably in conscious 
animals. There will be scope for basic research in associated areas, 


2. A Graduate or PH.D. Pharmacologist 


is required to join an established team of graduates and technicians, whose 
immediate objective is the identification of novel mechanisms to further the 
development of new antihypertensive agents. The ideal applicant will have at least 2 
years’ postgraduate experience and a thorough knowledge of the cardiovascular and 
autonomic nervous systems. He or she must be able to work independently within a 
specific area of investigation. 





These are challenging and rewarding ‘positions, and the people appointed will be 


expected to make a substantial contribution towards the | creative effort of the 


department. 


We offer a competitive salary commensurate with experience, plus a Ware = 


Allowance. The successful candidates will participate in a non-contributory pension 
and life assurance scheme, as well as bonus and productivity schemes. Other benefits 
include a subsidised canteen, a flourishing sports and social club and (where 
appropriate) assistance with relocation to this most attractive area of Hertfordshire. 


Please write, or telephone, for an application form to: Dr. D.J. Humphreys, 


Personnel Officer, Glaxo Group Research (Ware) Ltd., Ware, Hertfordshire SG12 





ODJ. Tel: Ware 3232 2362(A) 
N ~ iia UNIVERSITY OF 
PAISLEY COLLEGE CAMBRIDGE 
Due to the continuing expansion of its CNAA degree PRRR ACG: Gay 


programme, Paisley College, a Scottish Central Institution, 
invites applications for the following post:— 


LECTURER IN 
BIO-CHEMISTRY 
‘Department of Biology 


_ Applicants should have a good honours degree in Biochemistry 
- and post-graduate research experience. 

The successful candidate will have an interest in 
Pharmacology and will be involved in the teaching of 
Biochemistry at HNC, HND, BSc (Biology/Dietetics) and 
honours levels. In addition a contribution to the teaching of 


Pharmacology to HNC and BSc (Dietetics) is expected. 


Research is encouraged. 


SALARY SCALE Lecturer ‘A’ 
£4,422/£8,391. 


Application forms and further particulars may be obtained 
from The Personnel Officer, Paisley College of Technology, 
High Street, Paisley (Tel No. 041 887 1241), to whom completed 
application forms should be returned within ten days of the 
. appearance of this advertisement. 2306(A) 





Applications are invited for the office of 


UNIVERSITY LECTURER IN 
THE DEPARTMENT OF 
PHARMACOLOGY. 


The initial appointment will be for three 
years from 1 October 1979 with the 
possibility of reappointment to the retiring 
age. The pensionable stipend for a 
University Lecturer will be on a scale of 
£5,850 rising by twelve annual increments 
to £9,000 a year with initial placing above 
the minimum where appropriate. There is 


no grade. of Senior Lecturer. A grant is | 


made towards removal expenses. 


Candidates should send twelve copies of 


their application together with the names 
of not more than three referees to Mr G. R. 
Anderson, General Board Office, The Old 
Schools, ‘Cambridge, CB2 ITT, from 
whom further information can be 
obtained, to arrive not later than 15 August 
1979, 2292(A) 





LABORATORY SCIENTIFIC OFFICER 
required for two years to join a research 
team investigating mammalian meiosis. 
HNC or equivalent qualification required. 
Applications should be sent to the 
Administrative Assistant, Paediatric 
Research Unit, The Prince Philip Research 
Laboratories, Guy’s Tower; Guy's 
Hospital, London Bridge, sas Ran as 
soon as possible. 84(A) 
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POSITION OPEN 
BIOMEDICAL MASS 
SPECTROSCOPIST (PhD) 
wanted immediately. Duties 
include planning and execution of 
multiple research programs 
involving application of gas 
chromatrographic mass 
spectrometric techniques to 
biomedical and environmental 
problems. Salary $15,000/ 
annum. Please send resumés. to: 
The Oregon Graduate Center, 
19600 NW Walker Road, 
Beaverton, OR 97005 Attn: 
Joanne Brink, Personnel 

Administrator AA/EEO. 
W193(A) 


MEDICAL RESEARCH 
COUNCIL 


RADIOBIOLOGY UNIT 
CYTOGENETICS 


A vacancy exists for a scientist to work 
in a group investigating the effects of 
ionizing radiation upon chromosomes 
in a variety of cells and tissues. 
Applicants should have a good 
honours degree, and at least 3 years 
post-graduate research experience. 
They should be conversant with 
modern cytogenetic techniques and 
some knowledge of tissue culture is 
desirable. 

Usual Medical Research Council 
conditions of service. Salary according 
to age and qualifications. Applications 
in writing to: The Administrator, 
M.R.C., Radiobiology Unit, Harwell, 
Didcot, OXON OX11 ORD, quoting 
reference JRKS/1. 2280(A) 



























UNIVERSITY COLLEGE 
~ CARDIFF 
Applications are invited for the post of 
POST DOCTORAL 
RESEARCH ASSISTANT 


in the DEPARTMENT OF CHEMISTRY 
(Inorganic). Research would be in co- 
ordination chemistry, probably in one of: 
Raman spectroscopy, crystallography of 
stereo-chemistry, reactions of ligands and 
mechanisms, biological aspects. Some 
teaching duties will be required. Salary 
range: £4,232 to £5,321 p.a. Duties to 
commence as soon as possible. 
Applications (2 copies), together with 
the names and addresses of two referees 
should be forwarded to the Vice-Principal 
(Administration) and Registrar, University 
College PO Box 78, Cardiff CF1 IXL. 
Further details available from Professor 
Gillard, Department of Chemistry 
(Inorganic), Cardiff 44211 Ext. 2173. 
Closing date 31st July 1979. bosib gs 
1835. 271(A) 





NATIONAL VEGETABLE 
RESEARCH STATION 
ASSISTANT 
NEMATOLOGIST 


A SCIENTIFIC OFFICER is required to 
assist with work on the nematode pests of 
vegetables. 

The appointment will be in the grade of 
Scientific Officer salary scale £2,839 per 


annum rising by annual increments to 


£4,415. (Salary review 1 April 1979 
pending). 

Minimum qualifications required is a 
degree or equivalent in Biological Science 
and experience in Nematology would be an 
advantage. 

Non-contributory employers’ additional 


| pension scheme. 


Full particulars and application form (to 
be returned by 18 July 1979) from the 
Secretary, National Vegetable Research 
Station, Wellesbourne, Warwick CY35 
9EF. _ 2346{A) 


Nature Vol. 279 28 June 1979 





PORTSMOUTH 
POLYTECHNIC 
BIOCHEMISTRY/ 
MOLECULAR BIOLOGY | 


A Lecturer II/Senior Lecturer is required 
to undertake teaching and research duties 
in this field. 

The person appointed will take overall 
responsibility for the teaching of 
biochemistry and molecular biology within 
the multi-disciplinary Biomolecular 
Science BSc. course (3 years full-time, 
Honours) and will personally teach a major 
proportion of the material. 

Facilities for research are extensive. The 
existing research group emphasises a multi- 
disciplinary approach to the structure and 
function of chromatin and is supported by 
SRC and CRC, 

Salary scale: £4,101 to £6,051 (efficiency 
bar) to £7,572 per annum (under review). 

Further details and application forms 
from the Staff Officer, Portsmouth 
Polytechnic, Alexandra House, Museum 
Road, Portsmouth, PO] 2QQ, to whom 
completed applications should be returned 
by 20th July 1979, quoting ref. no. $56. 

2268(A) 





CHELSEA HOSPITAL FOR 
WOMEN 
Dovehouse Street, London SW3 


The Seminology Laboratory at the Chelsea 
Hospital for Women require a 


MEDICAL LABORATORY 
SCIENTIFIC OFFICER 


with experience in bacteriology or 
immunology. 

The work involves investigation of 
subfertile couples, seminal analysis, 
freezing sperm and the detection of sperm 
antibodies in male and female by macro 
and micro techniques. Experience with 
tissue typing would be useful, 

Further information and application 
form obtainable from The Administrative 
Assistant, Queen Charlotte’s Maternity 
Hospital, Goldhawk Road, London W6 
OXG. Tel: 01-748 4666 ext 204, 

2327{A) 





UNIVERSITY OF BRISTOL 
Department of Biochemistry 
-POSTDOCTORAL 

RESEARCH ASSISTANT 


Applications are invited for a postdoctoral 
research assistant to join a group 
investigating the hormonal regulation of 
glutamine. metabolism in liver. The 
appointment is for a maximum of three 
years and is funded by the Medical 
Research Council. Salary is within the 
University Range 1A — £4,232 to £7,145 
per annum (scale subject to revision from 
ist October, 1979). Some experience in 
protein separations techniques would be 
advantageous. 

Applications, enclosing a curriculum 
vitae and the names and addresses of two 
referees should be sent to Dr. J. D. 
McGivan, Department. of Biochemistry, 
Medical School, University Walk, Bristol 
BS8 ITD before July 15th, 1979. 

2296(A) 





ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
University of London 
Department of Biochemistry and 

| Chemistry 
POSTDOCTORAL 

RESEARCH ASSISTANT 
Bio-physical chemist required to join 
research group working on membrane 
structure and function, Experience of 
surface techniques or material science 
would be a particular advantage. The post 
is tenable for up to 3 years, supported by 
the Science Research Council. Initial salary 
within range £4,261 to £4,805 plus £502 
London allowance. 

Applications, naming two referees, to 
the School Secretary, R.F.H.S.M., 8 
Hunter Street, London, WCIN IBP as 


soon as possible. 2276(A) 





european space agency | 
The European Space Agency has the following vacancies in 
the Space Science Department at its Technological Centre in 
Noordwijk, the Netherlands: 


Astronomers 


Applications are invited from U.V. and optical astronomers. 
Applicants should either have a strong background in 
advanced detector systems, with experience in their 
application to astronomy, or they should be observers with an 
extensive astrophysical background and experience in using 
advanced space and ground based instruments. Duties will 
include scientific project work associated with possible future 
and on-going space astronomy projects together with joint 
research using IUE and an advanced photon counting system. 


Space Plasma Physicists 
Applications are invited from physicists with experience in 
particle, field and wave measurements. in a magnetized 
plasma — in space or in the laboratory. Interested candidates 
should have a background in experimental techniques in this 
field and preferably also have experience with data analysis. 
Duties will partly be scientific project work related to studies 
and on-going projects where elements of space plasma 
physics are included, and. partly research related to 
experiment development and analysis of data from on-going 
projects such as GEOS and ISEE. 

Applications for these posts should be sent, as soon as- 
possible, to the Head of Personnel, ESTEC, Zwarteweg 62, . 


Postbus 299, AG 2000, Noordwijk, the Netherlands. 


UNIVERSITY OF EXETER 
LECTURER IN 
COMPUTER SCIENCE 


Applications are invited for a lectureship in 
the Department of Computer Science, 
tenable from 1 October 1979. 

Candidates should be qualified persons 
working in any area of computer science. 
Specializations which are of particular 
interest, but which are not intended to 
make up an exhaustive list, are: data-base 
computation and theory; artificial 
intelligence; computer architecture and 
systems; theory of programming languages 
and semantics; Operating systems; 
distributed computing and networks. _ 

Commencing salary will be within the 


range £4,232 to £6,368 pa (under review) on 


the scale £4,232 to £8452 pa (under review). 
The post is subject to a probationary period 
not exceeding three years with the 
prospects of permanency thereafter. 

Further particulars may be obtained 
from Miss Doreen Watson, University of 
Exeter, Northcote House, Exeter, EX4 
4Q], to whom. applications (8 copies) 
should be forwarded by 23 July 1979, 
Please quote reference No 3216. 

People who have applied for a similar 


post earlier this year will be automatically 


considered for this present post. 

Further information may be obtained 
from Professor J. A. Campbell, 
Department of Computer Science (Ext. 
216). 2313(A} 





W189(A) 





UNIVERSITY COLLEGE GALWAY, IRELAND 
DEPARTMENT OF PHYSICS | 





Arising out of the introduction of an optional honours physics - | 
degree in applied physics and electronics, an initial appointment ` | 
in one of the following specialities isto be made. 
1) Physicist or Electronic Engineer with broad experience in 
hardware and software computing or hs. he 
2) Electronic/Electrical Engineer or Physicist with experience in 
control systems and/or micro-electronics, Industrial experience | 
would be an advantage. : 
The salary will be in the range £5,000 to £8,000 p.a, E 
The appointment will be for twelve months and will not be q 
renewable. The college however, hopes to advertise several | 
appointments in this area in 1980 at either Junior Lecturer |- 
(£4,852 to £6,706, under review) or Lecturer (£7,220 to £9,530, | 
under review). — | a I 
For further information please contact the Registrar 
(Telephone Galway 7611, ext. 192, telex 8823), Closing date for | 
receipt of applications is July 6th 1979. . 2339(A) 
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Director of Biology 
Ware, Herts. 


Applications are invited from experienced biochemists or pharm- 
acologists to be responsible to the Managing Director for the 
scientific standards of work carriéd out in the Pharmacology and 
Biochemistry Departments. This includes testing and evaluating 
research compounds as well'as basic research. 


In addition, the position involves directing multi-disciplinary 
research projects, and there is considerable interaction with senior 
people in related disciplines: Consequently, sufficient knowledge of 
other areas is necessary to enable the successful applicant to make 
a full contribution to the research and development activity. 


Candidates must have extensive industrial experience of pharm- 
aceutical R&D. in a pertinent biological discipline. It is unlikely 


that people below the age of 35 will have the required knowledge or 
experience for the position. 


The salary for this senior position is negotiable and a company car 
will be provided. Our modern, well-equipped laboratories are set 
in pleasant surroundings in Hertfordshire, and relocation assistance 
will be available if appropriate. Other benefits include non- 
contributory pension scheme and the opportunity to participate in 
Group profitability. 


Please forward your curriculum vitae, in confidence, to: lan Collins, 


Ph.D., Personnel Manager, Glaxo Grou 


Herts. SG12 0DJ. 


p Research Ltd., Ware, 


2329(A) 


Glaxo Group Research Ltd. 


UNIVERSITY OF 
MANCHESTER 


DEPARTMENT OF MEDICAL 
BIOCHEMISTRY 


POST-DOCTORAL 
RESEARCH ASSOCIATE 


Applications invited for this post (available 

up to three years from October) to work 
with Dr C. A. Shuttleworth and Dr M. E. 
‘Grant on ‘‘The Role of Non-Collagenous 
proteins in the Periodontal Ligaments”. 
Some experience in the fields of connective 
tissue biochemistry, protein chemistry, 
tissue culture or embryogenesis would be 
an advantage. Starting salary in the range 
£4,333 to £43910 p.a. Superannuation. 
Applications (three copies) including 
curriculum vitae and the names of two 
referees should be sent to Dr C., A. 
Shuttleworth, Department of Medical 
Biochemistry, University of Manchester 
“Medical School, Manchester M13 9PT as 
soon as possible. 2312(A) 





UNIVERSITY OF 
CAMBRIDGE _ 
` ZOOLOGY DEPARTMENT 


Research Assistant 


To collaborate with Dr. M. Burrows on 
the morphology or physiology of local in- 
terneurones in insects. Experience of light 
or electron microscopical techniques, or 
of neuro-physiological techniques an ad- 
vantage. The appointment, to begin as 
soon as possible, is short term, approx. 18 
months. Salary according to age and ex- 
perience. to £4776 max. (under review). 
Applications (c.v. and names of two 
referees) to Dr. M. Burrows, Zoology 
Department, Downing Street, Cambridge 
CB2 3EJ by 31st July, 1979. 2364(A) 


MANCHESTER AREA 
HEALTH AUTHORITY (T) 


“CENTRAL DISTRICT 
SENIOR CYTOGENETICIST 


The expanding Regional Laboratory which 
deals with blood, fibroblast and amniotic 
material is located within the University 
Department of Medical Genetics. This 
Department also provides Genetic 
Counselling and HLA typing services and 
there is excellent clinical liaison. 

Only candidates holding or eligible for 
an NHS Senior Cytogeneticist post and 
having extensive experience of Medical 
Cytogenetics should apply. 

Applications with full details of 
experience and qualifications and the 
names of two referees should be sent to Dr 
Rodney Harris, Department of Medical 
Genetics, St. Mary’s Hospital, Manchester 
M130JH. 2308(A) 





“UNIVERSITY COLLEGE 
LONDON 
RESEARCH ASSISTANT 
Research Assistant required to assist 
physical anthropology staffin research and 
teaching duties. The post will also involve 
curation of the physical anthropology 
teaching material collection, routine 
computer/clerical tasks and assistance in 
specific research projects. A first degree in 
a biological science and an interest in 
physical anthropology/human biology is 
essential. The successful candidate may be 
given an opportunity to conduct research 
leading to a higher degree. Tenable from 
October 1979. Salary range £3,775 to 
£4,910 plus £502 London allowance. 
Applications. to Assistant Secretary 
(Personnel). University College London, 

Gower St, London WCILE 6BT. . 
2320(A) 


UNIVERSITY OF 
LIVERPOOL 


BIOENGINEERING AND 
MEDICAL PHYSICS UNIT 


RESEARCH 
ASSISTANT 


Applications are invited for the post of 
Research Assistant/Senior Research 
Assistant to work on a research project 
concerned with the development of an 
artificial blood vessel. 

The project has been running for three 
years and has led to a prototype vessel 
which is at present undergoing thorough 
evaluation, leading eventually to 
commercial exploitation. 

The research assistant will be involved 
in the application and development of 
small scale production and testing 
apparatus, as well as being innovative in 
making improvements necessary for 


future generations of prosthesis. He/she. 


will be expected to utilize his/her own 
specialities and interests in the research 
and development of the improved 
product, 

The post is most suitable for someone 
with a degree in a related physical science, 
an interest in bioengineering and possibly 
research experience. 
regarding the post should be made to Mr 
R. Clarke, 051-709-6022, ext. 2292. 

The initial salary will be on the scale 
£3,689-£5,321 p.a., or £4,232-£4,776 p.a., 
for candidates with a Ph.D. 

Applications, together with the names 
of three referees, should be received not 
later than 20th July, 1979 by the Registrar, 
The University, P.O. Box 147, Liverpool, 
L69 3BX. Quote Ref: RV/673. 

2357(A) 


Any queries. 





UNIVERSITY OF SALFORD 
DEPARTMENT OF CHEMISTRY 
AND APPLIED CHEMISTRY 
LECTURER IN ORGANIC 
CHEMISTRY 


Applications are invited for the above 

post from well qualified candidates 

with teaching and research interests in 

the field of pure and applied chemistry. 

| The post is available from 1 October, 
1979, 

Salary scale £4,232 to £8,452 p.a. 
USS benefits. 

Application forms and further 
particulars are available from the 
‘Registrar, University of Salford, 
Salford M5 4WT (tel: 061-736 5843 ext. 
215) to whom completed applications 
should be returned by 27 July, 1979, 
quoting reference no: CH/260/N. 
informal enquiries may be made to 
Professor H. Suschitzky. 2326(A) 


























UNIVERSITY OF 
LIVERPOOL 
Department of Oceanography 


Senior Research Assistant / 
Research Associate 


Applications are invited for the post of 
Senior Research Assistant/Research 
Associate to investigate the finestructure 
and microstructure of the upper oceanic 
layers. Candidates should possess a PhD 
with preferably some experience in 
numerical modelling. The project is 
sponsored for three years by the Ministry of 
Defence at an initial salary within the range 
£4,776 to £6,368 per annum, depending on 
age and experience. 

Applications, together with the names of 
three referees should be received not later 
than Ist August 1979, by the Registrar, 
The University, PO Box 147, Liverpool 
L69 3BX, from whom further particulars 
may be obtained. Quote Ref: RV/671. 

2355(A) 





ODENSE UNIVERSITY 
DENMARK 


A new position as Professor in 
Photosynthesis has been created in the 
Institute of Biochemistry, and is 
available for occupation as soon as 
possible. 


It is desired to appoint a person 
whose research activities are ex- 
perimental investigations of the 


functions of the photosynthetic 
membrane systems in eukaryotes and/ 
or prokaryotes. A part of the current 
research in the Institute is concerned 
with electron transport in respiratory 
and photosynthetic systems, and the 
Institute is well equipped with special 
apparatus for this type of work. 

The successful applicant will be 
expected to participate in the teaching 
programme of the Institute, which 
includes elementary courses common 
to science and medical students, ad- 
vanced courses for science students 
and supervision of advanced project 
work. 


Further information is obtainable 
from Institute of Biochemistry, 
Odense University, telephone (09) 


1S 86 O00, ext. 2441, 

Fhe application should contain in- 
formation about the candidate’s 
teaching experience. ft is expected that 
the successful applicant will eventually 
be able to teach in Danish. 

The employment field covers the 
Ministry of Education and the in- 
stitutions under it. The wage frame is 
37, and the salary amounts to Danish 
Kroner 230.520,24 a year inclusive of 
bonuses as per the October 1, 1978. 

A professional selection committee 
will discuss the applications and their 
recommendation will be sent out to 
all applicants in its complete form. 

Application in 5 copies, marked 
“Position No. 745” enclosing cur- 
riculum vitae and doctmentation for 
professional and paedagogical aetivi- 
ties must be made to the Queen and 
sent together with all enclosures also 
in § copies to: Journalkontoret, 
Odense University, Campusvej 55, DK 
§230 Odense M, Denmark, so that we 
will receive it by October 1, 1979 at 
the latesi. WIT73{A) 
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"AGRICULTURAL 
RESEARCH COUNCIL 


< UNIT OF NITROGEN FIXATION 
qu Avacancy has arisen for a Scientific Officer 
to work in our Chemistry Department. 
-The work will involve the development 
_ Of catalytic systems for the reduction of 
inolecular nitrogen. The successful 

























pervision and after consultation will be 


Applicants should have a Degree in 
Chemistry. 
“ Salary in a scale £2,839 to £4,415 (under 
` review from 1 April 1979) depending upon 
. qualifications and experience. Non 
ntributory superannuation scheme. 
Applications in writing to the Secretary 
at the ARC Unit of Nitrogen Fixation, 
iniversity of Sussex, Brighton BNI 9RQ 
with curriculum vitae and the names of 
Pree referees. Closing date 12/7/79, 
: 2324{A) 





REPRODUCTIVE 
BIOLOGIST 


McGILL UNIVERSITY 
Montreal 


DIVISION OF 
REPRODUCTIVE BIOLOGY 
DEPARTMENT OF 
OBSTETRICS AND GYNECOLOGY 


invites applications for an Assistant 
Professor position. Candidates must hold 
Ph.D. or M.D. degrees, have at least two 
years of post-doctoral training and have 
documented research interests in some 
aspect of reproductive biology (e.g., 
neuro-endocrinology, gonadal function, 
fetal growth, hormone receptors, etc), 
Candidates will be expected to establish 
their own research group and to compete 
for outside grant support. Personal salary 
` and starting date negotiable; teaching 
commitments commensurate with 
experience. Closing date for applications: 
September 1, 1979. Send curriculum vitae, 
list of publications and three letters of 
reference to: Dr K. B. Ruf, Research 
Laboratories, Women’s Pavilion, Royal 
Victoria Hospital, 687 Pine Avenue West, 
Montreal H3A IAI, Canada. 
WISSA) 








THE UNIVERSITY 
OF TORONTO 
ASSISTANT PROFESSORS 
© IN BIOCHEMISTRY 
Applications are invited for two 
$ positions of Assistant Professor in the 
© Department of Biochemistry (one to 
be. located in the Playfair Neuro- 
_ Sciences Unit) to take effect from 
© duly 1, 1980. Both appointees will be 


programs of the Department and te 
dev . The ap 
peintment to the Playfair Unit will be 
i of membrane or 
_ receptor biochemistry; the other posi- 
. tion has no feid restrictions. The 
. Department fs involved cin, teaching 
2 Biochemistry to undergraduates in the 
< Faculties of Medicine, Dentistry, Arts 
_ and Science, and Nursing, as well as 
graduate students, The minimum 
salary for both positions will be 
* $18,000.00, i 
Applicants with suitable qualifica- 
tons should send a curriculum vitae 
and the names and addresses of three 
referees to: Chairman of the Search 
Committee, Department of Bio- 
o chemistry, University of Toronto, 
Toronto, Canada, MSS 1A8, to reach 
him. not later. than September 30, 
1979, : WIBRA) 

















plicant will work with a minimum of | 


equired to design new experiments. | 


de GING, 











UNIVERSITY OF LEEDS 
Grade § Technician 


An experienced Laboratory 
Technician is required immediately for 
the Department of Obstetrics and 
Gynaecology (Leeds Maternity 
Hospital). The technical work is 
concerned mainly with immunological 
aspects of human reproduction and 
requires knowledge of immunologic 
methodoligies.-The holder of this post. 
is also responsible for the routine | 
supervision of the laboratory, 
including ordering and checking 
supplies and equipment, Applicants 
should ‘possess an HNC or equivalent 
qualifications and have had about 
seven years relevant experience. Salary 
on the scale £3,474 to £4,056 p.a. 
Applications should be made in writing 
to Professor JS. Scott, Department of 
Obstetrics and Gynaecology (Leeds 
Maternity Hospital) University of 
Leeds, 17 Sprinfield Mount, Leeds LS2 
2333(A} 






























EAST BIRMINGHAM 
HOSPITAL 
REGIONAL CYTOGENETICS 
LABORATORY 


Applications are invited for the post of 
Scientific Officer. Experience in medical 
cytogenetics including cell tissue culture 
desirable but not essential. Salary range 
depending upon experience and 
qualifications £2,991 to £4,899 per annum. 

Application forms and job description 
obtainable from Regional Cytogenetics 
Laboratory, East Birmingham Hospital, 
Bordesley Green East, Birmingham B9 
SST. Tei. O21 772 431} ext. 4454, 

2335(A) 





DEPARTMENT OF MORPHOLOGY 


UNIVERSITY OF GENEVA 
MEDICAL SCHOOL 
Geneva, Switzerland 
invites applications for a position of 
RESEARCH 
ASSOCIATE 
in Developmental Biology 


Candidates should be M.D. or Ph.D. 
with experience of teaching embryology to 
medical students and be able to set up.an 


active research unit in the Department, - 


Ability to. teach in French is mandatory. 
Salary, before income tax, starts at SFr. 


57,000 per annum. Send complete résumé j 


to: Dr L. Orci, Chairman, Department of 
Morphology, Medical School, rue Ecole 
de Médecine, 1211 Geneva 4, Switzerland. 


WI9T(A) 7 





FORINTEK CANADA 
CORPORATION 


WESTERN FOREST 
PRODUCTS LABORATORY 


Wood Biodeterioration and Protection ~ z 
a PROFESSIONAL MYCOLOGIST is |] 
required immediately to join a highly |: 


qualified research team in Vancouver, 


Canada. Applicants should have a Ph.D. . 
plus several years experience with wood» 4: 
inhabiting fungi. A Knowledge of decay |. 
problems in buildings would be desirable. 


A demonstrated ability to do applied 
research and to communicate both to in- 
dustry and the general public will be re- 


quired, Salary negotiable from 25,000 4: 
dollars, depending on qualifications and |- 


experience. Applications, with two refer- 
ences, to Dr R. §. Smith, Forintek 
Canada Corp., Western Forest Products 
Laboratory, 6620 N.W. Marine Drive, 


Vancouver, B.C. Canada V6T 1X2; of: 
ancowver, B.C sGgnada VEE igoe = 














NURSING PRACTICE 
RESEARCH UNIT 


NORTHWICK PARK HOSPITAL 
& CLINICAL RESEARCH CENTRE 


Project 
Leader 


Salary in the range £3,883 to £6,555 p.a. plus £502 
UGC London Weighting Allowance 


(Starting salary will depend upon qualifications 
and experience.) 


Applications are invited for the new post of Project Leader in 
the developing national Nursing Practice Research Unit : 

-which has been established by the Department of Health, o = 
and Social Security at Northwick Park Hospital. Applicants 
should be science graduates, with suitable research’ 
experience, and preferably hold a nursing qualification, The 
appointment is initially for a three-year period. 


The Project Leader will primarily be responsible for 
developing a programme of research into the treatment of 
Pressure Sores. In addition, he/she will contribute to the 
broad development of the Unit as a national centre for 
research into clinical nursing practice. This will include 
devising methods and techniques for clinical nursing 
research and assisting with the training of nurses and others 
who are interested in nursing practice research. The Unit 
will also act as a centre for the collation and dissemination 
of information about research into nursing practice. 


interested applicants are welcome to contact Dr. Rosemary 
Crow, Director, Nursing Practice Research Unit, for informal 
discussion before submission of application. Telephone 01 | 
864 5311 ext. 2881. 


Further particulars and application forms can be obtained © 
from the Area Personnel Department, Brent and Harrow 
Area Health Authority, Signal House, Lyon Road, Harrow; 
Middlesex. Telephone 01 863 9111 ext. 41, 


Closing date for applications is 20th July, 1979. 
| | © 234A) 






THE MAX-PLANCK-INSTITUT FUR | 
ZÜCHTUNGSFORSCHUNG 
invites applications for the post of l l 
MOLECULAR GENETICIST. 
to take part in a research programme aimed at elucidating the genetics of the 
interactions between plant and bacterium in symbiotic nitrogen fixation. The $ 
project will involve investigation of legume and Rhizobium genomes in controlling f 
specifity in the symbiosis, The successful applicant will have had post-doctoral E oe 
experience with plasmid isolation and characterization. = . ee ee 
Two types of appointment are possible: for a fixed period of up to five yearsor: "Fo 
for an indefinite period. Both carry remuneration onthe German BAT scales 2a to 
la. Applicants should send a curriculum vitae and the names and addresses of three > 
referees to Bo, i a nes . 
J. Schell, Director 2 ES 
Max-Planck-Institut für Züchtungsforschung 
5000 Kölin 30 (Vogelsang) 
Federal Republic of Germany 
before October 1, 1979. 























Brent & Tairov Area Health Authority Brent Health District 
core Middlesex ieee 
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Medical Laboratory Scientific Officer 


CLINICAL INVESTIGATION DEPARTMENT 


We require either a qualified M.L.S.O. or a B.Sc. 
Graduate in Medical Sciences to fill the above post 
shortly to become vacant. Duties cover basic laboratory 
work specialising in Radio Immuno Assay techniques. 
Previous experience in this field or within a 
Biochemistry orientated discipline would be preferable. 





REQUIRED BY THE 

FOOD AND AGRICULTURE 
ORGANIZATION OF THE 
UNITED NATIONS, ROME, ITALY 


CROP PROTECTION 
SPECIALISTS 


(Phytopathologists, Entomologists, Weed Scientists) 








to be stationed in Sahelian countries, serving in 
a large-scale project on Integrated Pest Management 
for Basic Food Crops implemented with the assistance 
of FAO by the Inter-States Permanent Committee for 
Drought Control in the Sahel (CILSS). 


ESSENTIALS: Ph.D. in Plant Protection 
Sciences. At least 7 years of post-graduate experience 
in pest management. Good working knowledge of 
English or French. 


SALARY: dependent on qualifications/senior- 
ity, net tax-free including the usual International 
Civil Service allowances. Please send detailed cur- 
riculum vitae quoting “TF/RAF/128(USA)-comm.”’ 


Hours: 38 per week 


Salary: Qualified M.L.S.O. £3,615 to £5,034 


inclusive. 


Please contact Mrs. Janice Andrews, Personnel 
Department, Central Middlesex Hospital, Acton Lane, 
London NW10 7NS Telephone: 01-965 5733 ext. 656. 


UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF CHEMISTRY 
Applications are invited for an SRC Post- 
Doctoral Assistant available for one year 
from October Ist 1979, The successful 
applicant will investigate the ionisation 
potentials of organic molecules and the 
appearance potentials of fragment ions 


| with the object of accurately determining 


the heats of formation of such ions. The 
apparatus consists of a double hemisphere 
electron energy selector, a quadrupole 
mass filter and ion counting equipment. 
The instrument is controlled by a PDP8 
computer, Salary in range £4,261 to £4,805 
plus £502 London allowance; USS. 


d Applications consisting of curriculum vitae 


and names and addresses of two referees 
should be sent as soon as possible to 
Professor Maccoll, Dept. of Chemistry, 
University College London, 20 Gordon St, 






2342(A) 


UNIVERSITY OF READING 
POSTDOCTORAL 
RESEARCH ASSISTANT 


GEOCHEMIST required. as soon as 
possible, for a fixed term to be determined, 
for research on volatiles in magmas and 
minerals. The project funded. for three 
years by the NERC is supervised by 
Professor D. K. Bailey and is to apply new 
techniques to the extraction and analysis of 
gases from glassy lavas, and volatile- 
bearing minerals, with the aim of 
elucidating igneous and ore-forming 
processes. Applicants should already have 
a doctorate (or be submitting a thesis) in 
geochemistry. Experience in experimental 
petrology, mass spectrometry or gas 
chromatography will be an advantage. 
Salary £4,232 p.a. (under review) plus USS 
superannuation. Apply quoting Ref. 
MN44A with curriculum vitae and the 
names of two referees to Assistant Bursar 





; {Personnel}, University of Reading, 
pondea none 227A) | Whiteknights, Reading RG6 2AH. 
226% A) 
STUDENTSHIPS 


ROBERT GORDON’S INSTITUTE 
OF TECHNOLOGY, ABERDEEN 





to Mr T. Eshetu, M Pl ing, AGO, FAO, 

Via delle Terme di Caracal, 00100 Rone Italy. SCHOOL OF PHARMACY 
_ ee ee ae RESEARCH 
pa a ee STUDENTSHIP 


UNIVERSITY OF EXETER 
LECTURER IN COMPUTER SCIENCE 


` Applications are invited for a lectureship i in the Department of Computer Science, tenable 
- from 1 October 1979. 
<i Candidates should be qualified persons: working in any area of computer science. 
- Specializations which are of particular interest, but which are-not intended to make up an 
exhaustive list, are: data-base computation and theory; artificial intelligence; computer 
architecture and systems; theory of programming languages and semantics; operating 
systems; distributed computing and networks. 
Commencing salary will be within the range £4,232 to £5, 048 pa (under review) on the 
scale £4,232 to £8452 pa (under review). The post is subject to a probationary period not 
». exceeding three years with the prospects of permanency thereafter. 
Further particulars may be obtained from Miss Doreen Watson, University of Exeter, 
©: Northcote House, Exeter, EX4 4Q]J, to whom applications (8 copies) should be forwarded, 
~ by 23 July 1979. Please quote reference No 3216, 
... People who have applied for a similar post earlier this year will be automatically 
: considered for this present post. l 
=. Further information may be obtained from Professor J. A. Campbell, Department of | 
=" Computer Science (Ext. 216). BIXA) OF - 


Honours graduate, or student about to graduate, in 
Pharmacology, Pharmacy or related sciences for SRC (Case) E 
Studentship in conjunction with Wellcome Research J 
‘Laboratories to study intravascular platelet aggregation. 
oCNAA higher degree registration encouraged. 


_Applications or enquiries to: 


Head of School of Pharmacy, 

Robert Gordon’s Institute of Technology, 
Schoolhill, | 

Aberdeen. 

ABS IFR 


2293(F) 
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STUDENTSHIPS—continued 











THE UNIVERSITY OF SHEFFIELD 

DEPARTMENT OF METALLURGY 
SRC CASE STUDENTSHIPS 

: Applications are invited from men and women for ten 

SRC/CASE studentships tenable from 1 October 1979 for 

research in the following fields: 

(a) in co-operation with Delta Materials Research Limited, 

Ipswich. ‘‘Rheocasting of copper-based alloys’’ 

(b) in co-operation with Firth Vickers Foundry Limited, 

Sheffield. ‘‘Processing and properties of centrispun 
castings” 

_(c) in co-operation with Wilkinson Match Limited, Slough. 

i “Formation and properties of some high-strength glassy 

alloys” 

(d) in co-operation with British Aluminium Company 

Limited, Gerrards Cross. ‘‘Stability of solid solutions 

extended by rapid freezing’’ 

(e) in co-operation with Spring Research & Manufacturer’s 
Association, Sheffield. “Effect of hot prestressing on 
reduction in spring relaxation’ 

(f) in co-operation with GKN Group Technological Centre, 
Wolverhampton. ‘‘The influence of texture on fatigue 
behaviour of steels”? 

(g) in co-operation with Johnson Matthey Research Centre, 
Reading. “High conductivity alloys produced by rapid 
solidification” 

(h) in co-operation with CEGB Marchwood Laboratories, 
Southampton. ‘‘Creep damage at welds under complex 
stress” 

(i) in co-operation with CEGB Scientific Services Division, 

Gravesend. ‘‘Void assessment in materials with changing 

structure” 

in co-operation with BSC Scunthorpe. ‘Mineralogy of 

sinters made from mixtures of home and imported ore” 

Applicants with or expecting good Honours degrees in 

metallurgy, materials science or related fields should write to 

Professor G. J. Davies, Department of Metallurgy, University 

of Sheffield, Sheffield S1 3JD. Quote ref: R321/G  2303(F) 
















UNIVERSITY OF READING 
Department of Physiology & Biochemistry 
SRC STUDENTSHIP 


A three-year SRC Studentship is available from October 1979 to study the 
neurophysiology and neurochemistry of hypothalamic regulation of lutemising 
hormone rélease in the domestic fowl. A good honours degree will be required. 

Applicants should send a curriculum vitae and names and addresses of two 
referees to Dr. R. T. Gladwell, from whom further details can be obtained 
(0734-85123, extension 7640). 


SRC-CASE Studentships in collaboration with the 
National Institute for Research in Dairying at Reading 


1. A three-year Studentship is available from October 1979 to study the hormonal 
control of lactation in ruminants. The project will include culture techniques to 
study biochemical changes during mammary differentiation using samples 
obtained from ruminants. A good Honours degree in biochemistry of related 
subjects will be required. The supervisors will be Professor R. Dils (Univerisity) 
and Dr. L Forsyth (NIRD). 

Applications, including curriculum vitae and names and addresses of two 
referees, should be sent as soon as possible to Professor Dils (0734-85123, 
extension 7600) or to Dr. Forsyth (0734-8 83103, extension 281) from whom further 
details can be obtained. 

2. A three-year Studentship is available from October 1979 to study nutrient 
binding factors in mammary gland and milk. The project will involve the isolation, 
characterisation and biosynthesis of binding proteins for vitamin B, r folate and 
fatty acids, A good Honours degree in biochemistry or related subjects will be 
required. The supervisors will be Professor R. Dils (University) and Dr. M. Gurr 
(NIRD). 
Applications, including curriculum vitae and names and addresses of two 
.. referees, should be sent as soon as possible to Professor Dils (0734-85123, 
extension 7600) or to Dr. Gurr (0734-85123, extension 260) from whom further 
_ details can be obtained. ROF) 





THE UNIVERSITY OF LEEDS 
DEPARTMENT OF PHYSICS 


SRC STUDENTSHIP IN 
PHYSICS 


Applications are invited from persons 
holding, or expecting to obtain, a Class 
Lor H (i) Honours degree in Physics for 
| a SRC studentship leading to the 
degree of PhD in the above 
Department. The successful candidate 
will join an active group of polymer 
physicists working under the direction 
of Professor 1. M. Ward. 
Applications with curriculum vitae 
and the names and addresses of two 
referees should be sent to Professor G. 
J. Morgan, Department of Physics, 
University of Leeds, Leeds LS2 9JT, 
from whom further details may be 
obtained, 2302(F) 







































THE UNIVERSITY OF 
LEEDS 


DEPARTMENT OF 
PLANT SCIENCES 


Applications are invited from persons 
who have, or expect to obtain, a first or 
upper second class honours degree (the 
course work for which has included the 
advanced study of plant pathology) for 
an SRC CASE studentship under the 
supervision of Dr Alec Carr of the 
Welsh Plant Breeding Institute and Mr 
Tom Preece of the University of Leeds. 
The project is concerned with 
resistance to Xanthomonas graminis 
infection in grasses, 

Applications, with the names of two 
referees, should be sent to Mr T. F. 
Preece, Agriculture Building, The 
University of Leeds, Leeds LS29JT, by 
| August 1979, 2304F 


UNIVERSITY OF 
NOTTINGHAM MEDICAL 
SCHOOL 
RESEARCH STUDENTSHIP 
IN MICROBIOLOGY 


Applications are invited for a Research 
Studentship in Microbiology leading to the 
degree of PhD for work on the continuous 
monitoring of the action of antibiotics on 
dense bacterial cultures. 


Applications with the names and 


addresses of two referees to Professor F. 
O'Grady, Department of Microbiology, 
University Hospital, Queen's Medical 
Centre, Nottingham NG7 2UH. 

2291(F) 


UNIVERSITY OF 
ST ANDREWS 


Department of Biochemistry 
and Microbiology 


MSc Studentship in 
Biochemistry 


Applications are invited for a MSe 
studentship financed by the Menta} Health 
Foundation. The project will involve in vivo 
and in vitro studies on the mode of action of 
certain sulphur-containing compounds on 
pyridoxal phosphate<lependent enzymes of 
the GABA pathway in mammalian brain. 


The one year studentship (with the 
possibility of a further two years’ extension) 
will commence as soon as possible after [st 
October, 1979. Candidates should hold, or 
expect to obtain in 1979, at least an upper 
second class honours degree in Biochemistry 
or a related subject, 


Applications, together with the names and 
addresses of two referees, should be sent to- 
Dr R. Griffiths, 

Department of Biochemistry and 
Microbiology, 

University of St Andrews, 
Irvine Butiding, 

North Street, 

St Andrews, Fife. 


DRHE) 








UNIVERSITY OF READING 
DEPARTMENT OF BOTANY 
SRC (CASE) STUDENTSHIP 


Applications are invited from good. 
honours graduates in Plant Sciences for a 
studentship (in collaboration with the. 
Glasshouse Crops Research Institute, 
Littlehampton) to investigate the 
properties of the plant photoreceptor, 
phytochrome, in green plant tissues. 
Further information is obtainable from 
Dr. C. B. Johnson, Botany Department, 
Reading University, Whiteknights, 
Reading RG6 2AS, to whom applications 
should be sent before 13 July 1979. 
2270F) 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF NEUROLOGY 


A Postgraduate Research Studentship is 
available for three years from October Ist, 
1979 at the Regional Neurological Centre. 
The work will be concerned with the 
enzymology of protein breakdown in 
muscle. There is a large unit studying 
various aspects of muscle diseases at the 
Regional Neurological Centre. Applicants 
should have or expect to obtain a good 
Honours degree with biochemistry or 
chemistry as a major subject, and the 
successful candidate will register for a PhD 
degree. Remuneration will be the same as 
that of postgraduate students supported by 
the Medical Research Council. 
Applications, including the names and 
addresses of two referees should be sent, as 
soon as possible to Dr R. J. T. Pennington, 
Neurochemistry Department, Regional 
Neurological Centre, General Hospital, 
Newcastle upon Tyne NE4 6BE. 
(0632-73881 1.) 2343(F) 


SCOTT POLAR 
RESEARCH INSTITUTE 


(University of Cambridge) 


NERC Studentship 


Applicants with strong background. in 
mathematics or physical sciences interested 
in interpretation of geophysical data are 
invited to study “Ice Sheet Dynamics 
derived from radio echo sounding and 
other data’’. The Institute’s collection of 
radio echo sounding data from Antarctica 
built up over the past twelve years provides 
an outstanding opportunity for- testing 
existing glaciological theory and 
developing new ideas to replace concepts 
shown to be inadequate. 

Contact the Director, Telephone 
Cambridge 66499 ext 464 or write sending 
details. 2354(F) 


-THE UNIVERSITY COLLEGE 
OF WALES 


ABERYSTWYTH f 
DEPARTMENT OF ZOOLOGY fe 
SRC RESEARCH 
STUDENTSHIP 


_ Applications are invited from good Honours 
graduates in the biological sciences fora PHD i 
research studentship funded by the Science po 
Research Counc. The applicant must have. fx 
interesis centred in research areas in cell and f 
developmental biology, immunology, 
parasiology, 
hebaviour. AE: 

The studentship is tenable for three years fo 
warung October j, 1979. Application, fo 
inchiding a full curriculum vitae and the f 
names of two referees, should be sent to f 
Professor : 
B M Jones, Department of Zoology, f. 
University College of Wales, Aberystwyth, 
Dyfed, SW23 IDA. Requests for further f. 
information should be made to the Secretary f 
atthe same address, 23H) 





animal physiology. or | = 








STUDENTSHIPS—continued 


THE UNIVERSITY | 
COLLEGE OF WALES 
ABERYSTWYTH 
DEPARTMENT OF PHYSICS 
Applications are invited for postgraduate 
work in the Department of Physics for 
Session 1979-86. The Science Research 
Council is prepared to offer to suitable 
candidates a limited number of Research 
Studentships for jonosphere and space 
research and studies of momie collisions in 
plasmas, shock and detonation waves and the 

flow of non-Newtonian fluids. 

Applications are also invited for one-year 
SKC Advanced Course Studentships for an 
MS¢e course on the Physics of the Upper 
Atmosphere, 

Applications to Professor, Sir Granville 
Beynon, CBE, FRS, Department of Physics, 
University College of Wales, Aberystwyth. 

2334(F) 





SCHOOL OF PHYSICS 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 


RESEARCH STUDENTSHIPS 
IN GEOPHYSICS AND 
PLANETARY PHYSICS 


PhD studentships are available for 
graduates with First or Upper Second Class 
Honours in either: Physics; Geophysics; 
Astronomy; Geology; Chemistry or 
Mathematics. 

Current research interests are: Evolution 
of Planets; Fluid Dynamics; 
Geochronology; Geomagnetism; 
Geophysical Electronic Instrumentation; 
High Pressure Geophysics; History of 
Earth’s Rotation; Palaeomagnetism; Plate 
Tectonics; Rift Systems; Rock and Mineral 
Magnetism; Study of Lunar Samples; 
Submarine Cable Currents. 

For further particulars, please write as 
soon as possible, giving persona! details, to 
Mr J. M. Walmsley, Administrative 
Assistant, School of Physics, The 
University, Newcastle upon Tyne NEI 
TRU. 2351(F) 





Department of 
Paramedical Sciences 


Chemotherapy 
Research Unit 


Applications are invited from graduates in 
biochemistry and/or microbialogy for an 
SRC-CASE studentship to investigate 
electron transport mechanisms in the 
protozoan Trichomonas vaginalis, in 
conjunction with the Weilcome Laboratories 
of Tropical Medicine, Beckenham, Kent. 


E Candidates must possess a first or second 
class (upper) honours degree from a UK 
institution and will be expected to register for 
a higher degree. 


$ Applications, including a full curriculum 
@ vitae and the names of two referees should 
be sent as soon as possible to: 


Head of Paramedical Sciences 
Department Ref. CF111 

North East London Polytechnic 
Romford Road 

London £15 41.2 

Tel: 01-555 0811, Ext. 66, 

from whom further information may be 
obtained. 2332F} 


ELP 











UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF DENTAL 
SURGERY 

ELECTRON MICROSCOPE UNIT 
A research studentship is available for 
candidates holding or expecting to gain a 
ist or 2(1) honours degree in a biological 
discipline. 

The research programme of the unit is 
concerned with investigating the utilization 


of calcium and other elements in hard tissue _ 


forming cells by using electron 
microscopical analytical techniques. 
Applications together with the names of 
two referees should be received as soon as 
possible by The Registrar, The University, 
PO Box 147, Liverpool L69 3BX. Quote 
Ref: RV /668. 2307(F) 


THE UNIVERSITY COLLEGE OF 
WALES 
ABERYSTWYTH 
DEPARTMENT OF 
AGRICULTURAL BOTANY 
MAFF STUDENTSHIP 
SYMBIOTIC NITROGEN: 
FIXATION 
Applications are invited from suitably 
qualified candidates to work on the 
ecology of Rhizobium trifoli with 
particular reference to the use of 
genetic markers and the ELISA 

technique. 


The successful candidate must have 
at least an Upper Second Honours 
degree in Agricultural Botany or 
Microbiology and will be expected to 
study for a higher degree under the 
supervision of Dr D Gareth Jones. The 
ability to drive a car is desirable. 


Application forms are available 
from the Registrar, University College 
of Wales, Aberystwyth, Dyfed. 
Closing date for applications 14 July 
1979. 2330Z(F) 


THAMES POLYTECHNIC 


SCHOOL OF BIOLOGICAL 
SCIENCES 


SRC CASE STUDENTSHIP 


Applications are invited for a CASE 
studentship to undertake an investigation 
into the role of Pseudomonas 
morsprunorum lipopolysaccharide in 
canker disease of cherries. The award is 
tenable from 1 October 1979. 

Applicants should hold (or expect to 
obtain) a good honours degree in 
biochemistry or chemistry, and if in the 
latter, should preferably have some 
experience in microbiology. The 
investigation will be carried out in 
collaboration with East Malling Research 
Station, Maidstone, Kent, and will be 
jointly supervised by Dr A. R. W. Smith 
(Thames Polytechnic) and Dr. R. C. 
Hignett (East Malling Research Station). 

Further particulars and form of 
application may be obtained from the 
Staffing Officer, Thames Polynechnic, 
Wellington Street, London, SE18 6PF, to 
whom completed applications should be 
returned by 10 July 1979. 2285(F) 


SRC STUDENTSHIPS 
IONOSPHERIC RADIO 
WAVE PROPAGATION 

Applications are invited for SRC CASE 


‘|. studentships leading to the PhD degree. 


The research programme involves basic 
studies in ionospheric physics, together 
with investigations of how this medium 
affects the performance of radio 
navigation and communications systems. 
The more applied topics involve 
considerable use of microprocessors. 
Further details of these projects can be 
obtained from Dr. T. B. Jones, Physics 
Department, The University, Leicester 
LEI] ?RH. 


231I) 


PORTSMOUTH 
POLYTECHNIC 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 


-SRC CASE Studentships 


Post 1 Title: The use of ‘tree-rings as a 


means of dating timbers from nee 
sites. 


Supervisor: Dr F. A. Hibbert. 
Co-operating body: Department of 
Environment, Ancient Monuments 
Laboratory, London. 

Post 2 Title: Microbial infestationof Dieso 
fuel storage delivery systems. Supervisors: 
Drs R. A. Eaton and E. B., G. Jones. 
Co-operating body: Ministry of Defence, 
Central Dockyard Laboratory, 
Portsmouth, 


SRC Studentship 


Post 3 Title: Oogenesis in developmentally 
retarded tadpoles of Xenopus laevis. 
Supervisor: Dr. S. C. Turner. 

Title: Some aspects of the biology of the 
larval stage of digeneans. 

Supervisor: Dr T. A. J. Reader. 


SRC Advanced Course 
Studentships 
MSc COURSE IN THE 
BIODETERIORATION OF 
MATERIALS 


A number of SRC awards are available for 
suitably qualified students who wish to 
apply for the above course. 

Starting date for all posts October 1, 
1979, 

Applications to include a curriculum 
vitae and the names of two referees should 
be sent to the Administrative Assistant, 
Department of Biological Sciences, 
Portsmouth Polytechnic, King Henry | 
Street, Portsmouth PO! 2DY from whom 
further information can be obtained if 
desired. 

Closing date for all applications: June 
28, 1979. 2338(F) 


SCHOOL OF CHEMISTRY 
CASE AWARDS 


Applications are invited for SRC/CASE 
studentships in the following areas of 
research: 

a) ‘The Chemistry of Dihalogenocarbene 
Adducts of Terpenes’’ under the 
supervision of Dr. M. S. Baird and in 
collaboration with Bush Boake Allen Ltd. 
b) ‘Testing of pH glass electrodes at high 
temperatures” (Dr. A. K. Covington in 
association with Dr. P. O. Kane, ICI Mond 
Division, Runcorn, Cheshire). The project 
will be concerned with the extension of a 
new method of testing glass electrodes to 
higher temperatures (up to 130°C). It will 
provide a good training in industrial use 
and appraisal of electrochemical sensing 
devices. 

c) “Spectroscopic Studies of Ammonium 
Uranates’’. The project, to be carried out 
with UKAEA as the co-operating body, is 
designed to develop an understanding of 
the chemistry of the ammoninm uranate 
system. This understanding will assist the 
use of ammonium uranate for the removal 
of uranium from solution. The study will 
involve spectroscopic studies of 
ammonium uranates in particular using 
X-ray photoelectron spectroscopy. Under 
the supervision of Dr. P. M. A. Sherwood. 
d)*‘The Electrode Kinetics of Electron 
Exchange Reactions’’. The project is to 
study, under the supervision of Dr. J. A. 
Harrison, the reactions with metal ion 
complexes, metal deposition and electro- 
crystallisation phenomena at interfaces 
using the latest automated equipment. The 
kinetic information will be used to make 
correlations and predictions in allied 
technological fields (in conjunction with 
the International Nickel Co.), . 

“AH successful applicants will be 
registered for a PhD degree and grants will 
be in accordance with the current SRC 
Regulations. 

Letters of application including the 
names of two referees should bé sent to Mr. 
S. J. Hall, School of Chemistry, The 
University of Newcastle upon Tyne, NEI 
TRU. 5 227 (F). 
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CASE Research Studentships 
Applications are invited from candidates’ l 
with upper second class honours degrees or» 
equivalent, or from those expecting to obtain. © 4 
such a degree this Summer, for the following 
SRC (CASE Research Studentships in the | 
Department of Chemistry: (a) the use of | 

~ borane-amine complexes in organic synthesis | 


ties. 


iC} Pharmaceuticals Lid). (bj the synthesi 
of dihydroisocoumarins related to bergeni 
(Dr. R. S. Ward, in collaboration with Mas a 
and Baker Lid.). te) the synthesis of novel | 
macrocyclic lactones with potential nervous | 
system activiiy Dr K. Smith, ineollaborationim 
with Pfizer Lid.}. Industrial grants are also 
available for work on gas adh beatae 
and analytical chemistry. The value of the - 
studentships will be in line with SRC awards. 
Further particulars may be obtained from ` 
Professor A. Pelter, Department of 
Chemistry, University College of Swansea, ` 
Singleton Park Swansea, SAZ8PP.2314(F) 





AGRICULTURAL 
RESEARCH COUNCIL 


STUDENTSHIP 
Applications are invited for a studentship 
to work in the Protein Section of the Meat 
Research Institute. 

The project is to investigate the turnover 
and remodelling of the connective tissues in 
relation to growth and development. 

This will consist of radioactive 
incorporation studies together with auto- 
radiography, the chemical analysis of 
connective tissue components and an 
examination of the cellular mechanisms for 
resorption of tissue. 

The project is expected to form the basis 
for a PhD thesis in the University of Bristol 
and the appointment will commence in 
October, 1979. 

Candidates should possess a First or 
Upper Second Class degree in 
Biochemistry. 

Further particulars of the award and 
allowances together with Application 
Forms may be obtained from the Personnel 
Officer, Agricultural Research Council, 
Meat Research Institute, Langford, 
Bristol, BSI87DY. 2347(F) 


SRC 
STUDENTSHIP 
DEPARTMENT OF 
PHARMACEUTICS 


Applications are invited from 

graduates with first class or 
upper second class honours 
degrees in pharmacy or 
related disciplines for an SRC 
studentship for research in 
one of the following areas. 

Solution properties of 

surfactants. 

Activity of liposomes 

containing antibiotics. 

Cell and tissue culture. 
Please write stating 
interests to Professor A. T. 
Florence, Department of 
Pharmaceutics, University of 
Strathclyde, Glasgow GI- 


IXW. 
2301 (F) 
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jp TUDENTSHIPS—continued 


“™ QUEEN MARY COLLEGE 

=- (University of London) 
SRC CASE 

SEARCH STUDENTSHIP 


Applications are invited for a research 
—tudentship, tenable for three years from 
tober 1979, leading to the degree of 
Phil/PhD of the University of London. 














» jointly supervised by Professor E. A. 
an and Dr Ivor Evans. It will involve 
hysiological investigations as well as the 
pplication of advanced techniques of 
lecular genetics. 
Candidates with, or expecting to gain, a 
st or upper second class honours degree 
an an appropriate subject should apply at 
once to Professor E. A. Bevan, 
Department of Plant Biology & 
Microbiology, Queen Mary College, Mile 
nd Road, London El 4NS, from whom 
Murther particulars can be obtained. 
2345(F) 





UNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF PHYSICS 
AND ASTRONOMY 
MULLARD SPACE SCIENCE 
LABORATORY 
Holmbury St. Mary 
Dorking Surrey 


Applications are invited for a post- 
doctoral Research Assistanship financed 
by the Science Research Council for work 
on instrument development and on the 

“analysis and interpretation of data in 
“either of the Laboratory’s two areas of 
research — X-ray astronomy and 
magnetospheric physics. The appointment 
will be for three years, commencing as 
soon as possible. Salary within the range 
of £4232 to £6627 plus USS membership. 

Applications, with curriculum vitae and 
the names of two referees, should be sent 
‘to Professor R.L.F. Boyd, C.B.E., 
F.R.S., at the above address. 2366(P) 





SUNDERLAND 
POLYTECHNIC 


FACULTY OF SCIENCE 
SCHOOL OF PHARMACY 


RESEARCH ASSISTANTS 


Applications are invited from graduates 
possessing good honours degrees in 
pharmacy or other appropriate disciplines, 
or from undergraduates expecting to 
. obtain such degrees this year. The 
successful applicants will be expected to 
work for a higher degree (MPhil/PhD) in 
one of the following fields: 
» P| — The effect of surfactant adsorption 
< on drug release. 
_P2 — The synthesis of potential drug 
- molecules based on phioroglucinol. 
. P3 — An investigation of the preparation 
«and chemical, physical, and biological 
_ properties of phyrazolopyridines. 
P4 -— Chemotaxonomic and 
* phytochemical investigations in the sub- 
family Aurantioideae (Rutaceae). 
- P5 ~- A study of the migration of particles 
_ and droplets in a shear field. 
: The salary for an assistantship, which is 
< normally tenable for up to three years, is 
> £2,778 to £3,054 per annum (under review). 
Applicants are requested to state the 
post(s) in which they are interested. 
An application form and further details 
: may be obtained from the Personnel 
. Officer, Sunderland Polytechnic, Chester 
Road, Sunderland, SRI 35D, and should 
returned as soon as possible. 
2267(P) 








THE UNIVERSITY 
OF SHEFFIELD 


RESEARCH ASSISTANTSHIP 
IN 


THEORETICAL CHEMISTRY 


The University expects shortly to be in a 
position to appoint a Postdoctoral 
Research Assistant, with support from the 
Science Research Council, for work in the 
general area of quantum chemistry with 
emphasis on Green’s function and density 
functional methods. Appointment will be 
on Range IA at up to £4910 p.a. Tenable 
three years subject to annual renewal, 
from | October 1979. Further information 
from Professor R. McWeeny, Department 
of Chemistry, the University, Sheffield 
S3 THF. Quote ref: R327/G. 2358P) 





Applications are invited from suitably 
qualified science or dental graduates to 
work for a higher degree in one of the 
following fields of study currently in 
progress in the Department of Oral 
Biology, University of Alberta, 
Edmonton, Alberta, Canada. 
Developmental Biology 
Neurophysiology 
Biochemistry of Connective Tissues 
Calcium regulating hormones 
Tumor Development 
Graduate assistantships can be awarded to 
successful applicants. 

Applicants can be directed to Dr. J. W. 
Osborn, Chairman, Department of Oral 
Biology, University of Alberta, 
Edmonton, Alberta, T6G 2N8, Canada, 

WISP) 





BIOCENTER 
(University of Basel) 
POSTDOCTORAL 

RESEARCH 
ASSISTANTSHIPS 


One position is available immediately and 
one in mid-1980 to investigate mechanisms 
of in ovo oncogenesis induced by avian 
tumour viruses using various approaches to 
identify the in vivo target cells and the 
biochemical mechanisms of tumor 
induction, We are particularly interested in 
the infection of the chick embryo by tumor 
viruses in the early stages of embryonic 
development. Persons having experience in 
the area of modern embryology of the chick 
or mouse, using immunological, 
biochemical, histochemical or transplant 
technology will be preferred. Interested 
candidates please send curriculum vitae, 
bibliography, and the names of two 
referees to Prof. R. M. Franklin, 
Biocenter, University of Basel, 
Klingelbergstrasse 70, CH-4056 
Basel/Switzerland. W194(P) 





UNIVERSITY OF LONDON 
KING’S COLLEGE 
DEPARTMENT OF BIOPHYSICS 
RESEARCH 
ASSISTANTSHIP 


Applications are invited for the post of 
research assistant to work on a Cancer 
Research Campaign ~~ supported project 
concerned with the interactions of 
carcinogens and anti-cancer agents with 
nucleic acids. A degree in biochemistry, 
chemistry or related fields is required; 
experience in separation methods and/or 
handling of nucleic acids would be useful. 
Starting salary in the range of £3,775 to 
£4,333 + £502 London allowance. 
Appointment is for one year in the first 
instance, starting from October 1979, with 
the possibility of renewal for a further two 
years. Applications, with a curriculum 
vitae and names of two referees, to Dr S. 
Neidle, Department of Biophysics, King’s 
College, 26-29 Drury Lane, London WC2B 
SRL, from whom further particulars may 
be obtained. 2337(P) 





APPOINTMENTS WANTED 





BIOLOGIST/MOLECULAR 


GENETICIST 26, Cambridge First, PhD 
Edinburgh in molecular genetics. 
Experienced in P3 recombinant DNA 
work, marine and terrestrial ecology 
(publications), humanistic psychology, 
amateur astronomy. Well travelled, seeks 
imaginative employment anywhere. Nick 
Hanscomb, Lamancha House, Lamancha, 
Peeblesshire. 2294(B) 


FELLOWSHIPS 


UNIVERSITY OF 
NOTTINGHAM 
SCHOOL OF AGRICULTURE 
Sutton Bonington, 

Nr. Loughborough 


DEPARTMENT OF PHYSIOLOGY & 
ENVIRONMENTAL STUDIES 
Research opportunities in 

Environmental Science 
1. A fellowship is available for a project 
supported by the ARC. This is concerned 
with the physics and economics of very low 
cost solar energy collectors for use in crop 
drying and the successful candidate will 
work with Dr. J. A. Clark and Mr. B. 
Wilton. 

The appointment is for 3 years. 
Candidates should preferably have a PhD 
or equivalent experience in an appropriate 
branch of physics, engineering, or 
environmental science (salary scale 
commencing £4,776 p.a. at age 26). 
Applications will also be considered from 
newly qualified graduates with a good 
honours degree (salary scale commencing 
at £3,689 p.a.). 

2. The Heat Balance of Wet Vegetation. 

The duration of leaf wetness is an 
important factor influencing the 
development of plant diseases and the 
uptake of soluble pollutant gases. A PhD 
studentship is available for a study of 
micrometeorological processes which 
determine leaf wetness and to develop 
computer simulation models. A good 
honours degree in physics or 
environmental science is desirable. 
Candidates will work with Dr. M. H. 
Unsworth. 

Further information may be obtained 
from the member of staff referred to and 
applications including a full curriculum 
vitae with the names and addresses of two 
referees should be submitted to them at the 
School as soon as possible. 2274(E) 























considered. 


October 29, 1979. 


Germany. 


EMBO 
European Molecular Biology Organization 


LONG TERM FELLOWSHIPS IN MOLECULAR BIOLOGY 
AUTUMN 1979 AWARDS 


Next deadline: August 31, 1979 


EMBO long term fellowships are initially awarded for one year. f 
Applications for a renewal for a second year and subsequentlyin J 
cases of exceptional scientific merit for a third year are 


To be eligible a candidate must hold a doctors degree. 
Preference will be given to European and Israeli applicants | 
wishing to work within Europe or Israel. EMBO long term 
fellowships are not, however, awarded for exchanges between 
laboratories within any one country. Applications for 
fellowships to be held outside Europe and Israel are considered 
but they have a lower priority, as do applications from non- 
European scientists wishing to work in Europe or Israel. 


Successful applicants will be notified of their awards on 


Further details and application forms may be obtained from 
Dr J. Tooze, Executive Secretary, European Molecular Biology 
Organization, 69 Heidelberg 1, Postfach 1022.40, F. R. 


POSTDOCTORAL 
FELLOWSHIPS 


THE ROCHE INSTITUTE 
OF MOLECULAR BIOLOGY 


Unusual opportunities are offered by 
the Roche Institute of Molecular Biology 
for postgraduate training and education. 
These postdoctoral fellowships are in the 
field of biochemistry, genetics, virology, 
neurobiology, pharmacology, and other 
areas of molecular biology. The Roche 
Institute, under the direction of Dr 
Sidney Udenfriend, is dedicated to basic 
research, and approximately 30 staff 
members enjoy independence in their 
choice and pursuit of research problems. 
Postdoctoral positions are now available 
in the departments of Physiological 
Chemistry & Pharmacology (Dr Sydney 
Spector, Chairman), Biochemistry (Dr 
Herbert Weissbach, Chairman), and. Cell 
Biology (Dr Arthur Weissbach, 
Chairman). Fellowships at the Institute, 
which is located in Nutley, New Jersey, 
about 10 miles west of New York City, are 
awarded on an equal opportunity basis to 
recent recipients of an M.D., a Ph.D. or 
an equivalent degree in the biological or 
biochemical sciences. Stipends start at 
$14,500 plus benefits. For further 
information, contact Dr George J. 
Cardinale, Roche Institute of Molecular 
Biology, Nutley, New Jersey 07110. 

WISSE) 


UNIVERSITY OF 
ST. ANDREWS 
RESEARCH FELLOWSHIP 
IN LASER PHYSICS 


There is a vacancy for a Postdoctoral 
Research Fellow to work on a CO) 
TEA laser contract. Previous 
experience in laser physics and high 
vacuum technology would be an 
advantage. 

Starting salary within the range £4,333 


to £4,910 per annum (under review) 
plus USS; the appointment is tenable 
for two years in the first instance from 
October 1979. 

Applications including a curriculum 
vitae and the names of two referees 
should be sent as soon as possible to 


Dr. A. L. S. Smith, Physics 
Department, University of St. 
Andrews, St. Andrews, Fife KY 16955, 
from whom further details. can be 
obtained. 2295(E) 
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- Veterinary Studies, 













FELLOWSHIPS continued 





LIVERPOOL 
_ SCHOOL OF 
TROPICAL MEDICINE 
Department of Parasitology 

Applications are invited for a 
POSTDOCTORAL FELLOWSHIP to 
work on cultivation in vitro and moulting 
rocesses of filarial worms. A biochemical 


kground with some experience of. 


tissue culture techniques is desirable for 
this post. Appointment for one year to 
commence immediately. Starting salary 
£4,232 annum, USS benefit. 
Applications in the form of curriculum 
vitae and the names of two referees should 
be sent as soon. as possible to the Head of 
Department of Parasitology, Liverpool 
School of Tropical Medicine, Pembroke 
Place, Liverpool L3 SQA. 
2363(E) 





UNIVERSITY OF EXETER 
CHEMISTRY DEPARTMENT 
Structural Studies 
of Liquid Crystals 


Applications are invited for a Postdoctoral 
Research Fellowship to work with 
Professor A J Leadbetter on X-ray 
diffraction studies of smectic liquid 
crystals. Crystal structure determinations 
of the crystalline precursors and some 
neutron scattering work might also be 
involved depending on the interests and 
experience of the person appointed. 
Applicants may be chemists or physicists 
and some experience of X-ray diffraction 
and computing would be an advantage, 
though not essential. 

The post is tenable for one year in the 
first instance with the possibility of renewal 
for a further year. Starting date by 
arrangement on or after 1 September 1979 
at a point on the salary scale commencing at 
£4,333 pa, depending on age and 
experience. 

Applications should be sent as soon as 
possible to Professor A J Leadbetter, 

“Department of Chemistry, Stocker Road, 
‘Exeter. 2311(E) 





UNIVERSITY OF BRISTOL 


VETERINARY 
RESEARCH FELLOWSHIP 


oe Applications are invited from 
=o veterinary graduates for a Research 
< Fellowship to investigate the physiology 
of cervical dilatation in the ewe. The 
< successful applicant will join a research 
» group in the Department of Anatomy 
© Which is currently working on problems 
of the myometrium and the physiology 


> of relaxin. The group has accommoda- 


tion for sheep at Bristol and at the 
- School of Veterinary Science, Lang- 
- ford, It is intended that the applicant 
will employ a variety of research 
techniques in the elucidation of this 
problem, including chronic recording 
of cervical softening in vivo. The 
opportunity exists to investigate the 
histochemistry of the  glycosamino- 


-. glycans of the cervix. In addition, the 


Department offers a wide spectrum of 
facilities and expertise in electron- 
- microscopy, electro-physiology, poly- 
peptide biochemistry, neurophysiology. 
hard tissue studies, and experimental 
surgery. — 


The Fellowship is provided by thr 
Agricultural Research Council and 
awards a salary of £4,232 to £8,452 
depending upon age and experience. 
The appointee will be expected to 
register for a higher degree. 


Applications in duplicate which 
should include a full curriculum vitae 
together with the names and addresses 


of two referees should be sent to] 


Professor D. G. Porter, Pre-Clinical 
Department of 
Anatomy, The Medical School, Uni- 
versity of Bristol, Bristol BSR ITD. 
l AE a ZIARE) 
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ALL SOULS COLLEGE 


RESEARCH FELLOWSHIP © 


The College intends to make an election to 


a Research Fellowship in the course of the 


academic year 1979-80. It is anctipated that 
the election will be 
February 1980. 

The Research Fellowship will be tenable 
for a period of seven years. The College 


would normally renew the Fellowship if 


there is evidence of satisfactory 
achievernent. The retiring age is 67. The 
stipend payable is related to the age of the 
Fellow upon appointment. 

The Fellowship will be open to those 
working in the following fields of study: 
Law, History, Philosophy, Politics, 
Economics, English, Classics and 
Mathematical Sciences. 

The Fellowship is open to men and 
women. {It is assumed that Privy Council 
approval will shortly be forthcoming for an 
amendment to the Statutes opening 
membership of the College to women.) 

Further particulars, including salary and 
terms of appointment, may be obtained. 
from The Warden’s Secretary, All Souls 
College, Oxford. Applications, which 
should contain the names of not more than 
three referees, must reach the Warden not 
later than 1 October 1979, and should be 
marked ‘‘Research Fellowship’’. 

2282(E) 





THE UNIVERSITY OF HULL 


DEPARTMENT 
OF APPLIED PHYSICS 


Applications are invited for two research 
fellowships, which are immediately 
available, for a period of up to three years. 

Department of Applied Physics 1. A 
research fellow is required to measure the 
frequency characteristics of the current 
generation of pulsed CO, lasers and to 
devise ways of improving their frequency 
stability using techniques such as 
hybridisation and injection locking. 

2. A research fellow is required to work 
on the use of tunable multi-atmosphere, 
molecular gas lasers for the remote sensing 
of trace gases in the atmosphere. 

These fellowships are suitable for 
rani in Physics, Applied Physics or 

ectronic Engineering with at least three 
years research experience in relevant fields, 

Salary: At an appropriate point on the 
scale £4,333 to £7,521 per annum. (From 
Ist October) 

Applications should give full details of 
education, qualifications and research 
experience, together with the names of two 
referees, and should be sent by 27th July 
1979 to Dr. E. L. Thomas, Department of 
Applied Physics, the University of Hull, 
Hull, HU6 7RX from whom further details 
may be obtained. 2350(E) 


RESEARCH FELLOWSHIP 
IMPERIAL CANCER 
RESEARCH FUND — 


We have a vacancy for a post- 
doctoral Research Fellow to join . 
a group working on ageing 
and neoplastic transformation in 
epithelial cell systems in vitro. 


Special experience in cell culture 


techniques, cell hybridisation, etc., 
an advantage. 


Appointment wil be for three 
years. Salary according to qualifica- 
tions and experience. 


Further information from Dr 
L. M. Franks (01-242 0200, ext. . 
211). Applications with curriculum 
vitae and names of two referees - 
should be sent to The Secretary, | 
Imperial Cancer Research Fund, . 
Lincoln’s Inn Fields, 


WC2A 3PX. 2250(E) 





London | 


LA TROBE UNIVERSITY 
Melbourne, Australia 
LATROBE | 
RESEARCH FELLOWSHIP 


made in or about | Applications are invited for a La Trobe 


Research Fellowship. Applicants should be 
at the recent (within the last five years) 
postdoctoral level and the Fellowship will 
normally be awarded to an applicant with 


- research experience away from La Trobe 


University. The successful applicant must 
hold a doctoral degree or have equivalent 
qualifications at the time of 
commencement of the Fellowship. 

The Fellowship will be awarded initially 
for a period of 12 months and may be 
renewed for a further maximum period of 
12 months. Applicants must be able to take 
up r Fellowship no later than 30 June 


Salary is $A 15,786 per annum. 

Further information and application 
forms are available from the Graduate 
Studies Officer. Enquirers should indicate 
the research discipline of interest to them. 
The closing date for applications is 31 
August 1979. D D Neilson, Registrar, 
Bundoora, Victoria 3083, Australia. 

2321(E) 





CONFERENCES 





EUROPEAN SOCIETY FOR 
COMPARATIVE SKIN 
BIOLOGY 


Symposium on Surface Eco-systems, Ayr, 
Scotland, September 13, 14, 1979. 
International Conference, including 
symposium on Insect Cuticle, 
Copenhagen, August 25-28, 1980. Details 
from Dr P. E. Budtz, August Krogh 
Institute, 13 Universitetsparken, 
Copenhagen, Denmark. 2281(C) 





ASSOCIATESHIPS 





UNIVERSITY OF 
CAMBRIDGE 


DEPARTMENT OF THEORETICAL 
CHEMISTRY 


-A post-doctoral research associateship is 


available for two years to develop a new 
method of computing correlated 
relativistic atomic wavefunctions with the 
aim of investigating the electronic structure 
of actinide and superheavy elements. 
Applications including a curriculum vitae 
and the names and addresses of two 
referees should be sent as soon as possible 
to Dr N. C. Pyper, University Chemical 
Laboratory, Lensfield Road, Cambridge, 
CB21EW. 23360) 















COURSES 
















UNIVERSITY OF LEICESTER 

MSc in Experimental . 

Space Physics 

Applications are now being considered. 
the Space Physics course for entry 
October. Candidates should have a deg 
with Ist or 2nd class honours in Phys 
Mathematics or Engineering. The co 
runs for 12 months and includes lectur 
dissertation and project work cover 
both scientific (astronomy, earth scien 
applications) and technical (propulsion 
orbits, communications, etc) aspects o 
present-day space research. A number 
SRC studentships are available | 
successful applicants. 

Write for further details, including thi 
names and addresses of two academic 
referees, to Professor K A Pounds, 
Department of Physics, University of 
Leicester, Leicester LE] 7RH. ap 

2283(D) = 





AWARDS 





IMPERIAL 
COLLEGE 


DEPARTMENT OF CHEMISTRY |. 
SRC/CASE awards from October Ist: 
1979, are available for suitably qualified 
graduates in the following areas, with the: 
supervisors and industrial sponsors: 
indicated: a 
1. Development of modified electrodes for, 
electrocatalysis (Professor W., J, Albery:: 
I.C.1., Mond Division). 

2. Development of electrochemical sensors: 
for power station waters (Professor W. J. 
Albery: Central Electricity Research. 
Laboratory). af 
3. Application of microprocessors tos 
electroanalytical techniques (Professor W. 
J. Albery: Laboratory of the Government. 
Chemist). 
4. Alkali-metal peroxy-salts (Drs. W. P.: 
Griffith and A. C. Skapski: Interox: 
Chemicals Ltd.). 

5. Absorption of organic molecules in: 
zeolites from liquid-phase solutions (Dr. L. 
V.C, Rees: Laporte Industries Ltd.). 

6. Binary and ternary ion-exchange: 
equilibria and kinetics in zeolites (Dr. L. V. 
C. Rees: Procter and Gamble Ltd.). 

Applications should be addressed to the 
supervisors named, at Chemistry 
Department, Imperial College, London: 
SW7 2AY, as soon as possible: telephone 
enquiries to 01-589 511] are welcome. 

2322(N) 


LECTURES 





_ EXPERIMENTAL PSYCHOLOGY SOCIETY | 


‘The Seventh Sir Frederick Bartlett Lecture will be delivered by 
Professor M. I. Posner, of the Department of Psychology, 


` University of Oregon. 


ORIENTING OF ATTENTION 


5.30 pm, Thursday July 5th, 1979. 
Main Lecture Theatre, 
_ Department of Experimental Psychology, 
University of Oxford. 


The lecture will be open to the public. 
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°” SCIENTIFIC INSTRUMENTS 





BOOKSHOP 


H. K. LEWIS can supply works 
in all branches of Pure and 
Applied Science. Catalogues 
on request. Please = state 
interests. 


SCIENTIFIC 
LENDING 
LIBRARY 


Annual Subscription from £7.50. 
(Available in U.K. only) 


Reduced rates for multiple subscrip- 
tions. 


Prospectus post free on request. 


Quarterly List of New Books and new 
editions added to the Library sent post 
free to subscribers regularly. 


H. K. LEWIS 
& Co. Ltd. 


136 GOWER STREET, 
LONDON, WC1E 6BS 


Telephone: 01-387 4262 
Telegrams: “Publicavit, 
London, WC1E 685.” 
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is Available in 
MICROFORM 


University Microfilms 
International — 


Hep FA, 






Dept FA 

300 North Zeeb Road 18 Bedford Row 
ann Arbor MH 4RIOB London, WOR 465 
USA. Enqland 
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LABORATORY EQUIPMENT 
SCIENTIFIC , 


Complete Oz 
uptake system 





NEW! 






O: Meter 

O: Needle and 

microelectrodes 
Phone collect 

(313) 769-1900 


TWX 810-223- 





i AGL 903 Airport Drive 
Meee {49 Ann Arbor, Mich. 48106 USA 
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Circle No, 25 


Always wanted 
BACK RUNS OF 
JOURNALS 


In Science and the 
Humanities 


DAWSON BACK ISSUES _. 


Back Issues Department, 
Cannon House, Folkestone, 
Kent, England 
Tel: Polkestone 57421 
Telex: 96392 





Circle No. 26 


G.A.P.S. 


Geological Analytical 
and 
Professional Services 


Due to popular demand 
CYPRUS OPHIOLITE 
T-SHIRTS ARE NOW 

AVAILABLE AT £2.50 each 


Money and order to: 


John Turner G.A.P.S. 
205 Westerton Road 
Tingley, Wakefield WP3 1Pz 





Circle No. 27 


rd] 
Atlantic 
Antibodies 
NEW CATALOGUE AVAILABLE 
More than 250 products and 





services for immunoassay of 
human serum proteins, including 
highest quality nephelometric 
grade antisera. For your free 
catalogue, contact: 


Atlantic Antibodies 
52 Anderson Rood, Westbrook, Maine 04097 


(207) 856-6392 “Telex: 94-4310 ATAS SWOM” 
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SINGER MICROMANIPULATORS 
ARE FAMOUS BECAUSE 


Singer Micromanipulators enable anyone to 
make exact Movements without tremar or 
lost motion. in three dimensions, using a 
single control handie under iow or high 
power magriication, 

A varied range available. All simple to 
operate. 


SINGER INSTRUMENT CO. LTD., 


Treborough Lodge, Roadwater, 
Somerset. 
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Rocks & Minerals 


SPECIMENS FOR 
RESEARCH — STUDY — DISPLAY 
Bulk minerals for all purposes. 
Sets of basic rocks, minerals and 
radioactives. Ground Rock sections 


Advanced collectors’ Specimens, 
fuorescents and micro-mounts. 


Sets of geological specimens for O and 
‘A’ level examinations. : 
Send SAE, for stock jist. 
ROCKS AND MINERALS, 
4 ROYAL CRESCENT, 
CHELTENHAM, 
GLOS GLS0 3DA. 
Tel, 0242 27232 
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Thermocouple 
THERMOMETERS 


We make 14 thermom- 
eters, with digital ar mater 
readout. AH read in 2 secs, are 
extremely easy to use. Simply apply 
probe — read temperature. 

g Unbreakable probes are steel 
sa ae ee Oo sheathed including 
BaT-5 crYogeNic World's Smallest 
BAT-9 DIGITAL “tore Microprobe, 0.01” dia. 
BAT-8 DIGITAL °C or °F 
TH CLINICAL The Modern Wa 
to Measure vii 
BAILEY INSTRUMENTS INC. 
Saddle Brook, N.J. 0766 U.S. 
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Your DNA research should have a happy ending. 
That's why Miles has developed enzymes that cleave 
and splice DNA easily and accurately. 


All of our restriction 
nucleases~such as Eco RI- 
specifically cleave DNA 
within certain well-defined 
base sequences. And to 

“make sure you're happy 
with the cleaved ends, 

we include a sample 

of lambda DNA for 
verification of enzyme 
activity...so you never risk 
your research DNA. The 
results of our stringent 
specification tests are 
reported on the chemical 


Circle No. 02 on Reader Enguiry Card, 


> 


Happy Endings. 


no mystery. 





Please supply more information about 
[L] Restriction nucleases [} DNA ligase 


LJ Please send a current Miles Biochemical Catalog. 


0) Terminal transferase 











Name 
(pease print) 
Institution ea eae NE 
Address ua 
City ... PO EE 2 a se 








Research Products Division 
Mules Laboratories, Inc. 
PO. Box 2000 

Elkhart, IN 4651 

Tet 219-264- a 


Mules Laboratories Lid 
PO Box am 

Stoke one Stoke Poges 
Slough SL 4L¥ England 
Tel Farnham Common 2151 





credential that accompanies each order. No surprises, 


And, for recombinant DNA, we Haile terminal 


ligase to splice fragments 
together. . 


happy endings... 








transferase to add dA and 
dT segments and DNA: 












Restriction nucleases, 
terminal transferase, DNA 
ligase. Miles enzymes for 
sands: 
begin Hang s 


Research Products ods 
Division | oe 





